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"Success is not final; failure is not fatal: It is the courage to continue that counts." 

-- Winston S. Churchill 

 
 I am really happy to know that the Department of Computer Applications 

and PG Department of Mathematics are jointly organizing an International 

Conference on “Neo Trends in Bioinformatics and Its Models in Mathematical 

Perspective NTBMP- 17” 

 
 I hope that this conference would surely induce modern ideas among the 

participants paving way for new inventions in the field of computer applications 

and mathematics. 

 
 I congratulate the Heads of department of Computer Applications and PG 

Department of Mathematics and faculty members of both departments for their 

Continuous uncompromised effort of this mega event. 

All the very Best !!! 
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Success is walking from failure to failure with no loss of enthusiasm." 

-- Winston Churchill        
 
 It is a great pleasure that our Department of Computer Applications and PG 

Department of Mathematics conducting a International conference on “Neo Trends in 

Bioinformatics and Its Models in Mathematical Perspective” (NTBMP-17) in the academic 

year 2017-2018. 

 
 The conference is a meeting and information exchange between the end user, the 

development and the research communities. The purpose of this conference is to bring 

together researchers, experts from industry, academia, and other interested organizations 

to meet, exchange information and ideas in developments in the field of computer 

applications and mathematics. 

 
  It brings together the newest development of new energy related technologies; 

engineering solutions, and academic research results. The conference programme has 

been designed to provide ample opportunities to researchers to exchange the network 

environment and to share their ideas and information.  

 
 I hope this conference NTBMP-17 will be enjoyable, memorable, and productive for 

participants and looking forward to the technological innovations that result from your 

networking and discussions. 

 Best Wishes!!! 
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"Try not to become a man of success. Rather become a man of value." 

-- Albert Einstein 

 
 It gives us immense pleasure to invite you to the ICMR Sponsored 

International Conference on “Neo Trends in Bioinformatics and Its Models in 

Mathematical Perspective (NTBMP-17)” organized by Department of computer 

Applications and PG Department of Mathematics, KSR College of Arts and Science 

for Women. 

  
 The ultimate aim behind this conference is to bring together Researchers, 

Scientists, Engineers, Scholars, Academicians and Students in the areas of 

Computer Application and Mathematics to provide a forum for the dissemination 

of original research results and new innovative ideas for the benefit of research 

community and to promote research and development activities, professional 

interaction and lifelong learning. 

Wish you all Success!!! 

 

Executive Director 
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KSR Educational Institutions 
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"All progress takes place outside the comfort zone." 

-- Michael John Bobak 

  

 It is a matter of enormous contentment for me to learn that in an academic 
year 2017, the Department of Computer Applications and PG Department of 
Mathematics, K.S.R. College of Arts and Science for Women, is going to organize 
an International Conference on “Neo Trends in Bioinformatics and Its Models in 
Mathematical Perspective (NTBMP-17)”.  

 It is certainly heartening to note that the event has attracted academicians, 
research scholars, students and industry experts from almost every corner of the 
country. I am convinced that the discussions of this conference will contribute 
new dimensions in the field of Computer Applications and Mathematics studies.  

 I take this opportunity to congratulate Heads of department of Computer 
Applications and PG Department of Mathematics along with their organizing 
team for the effort taken by each one of them to make this International 
Conference a reality.  

                   I wish them all a grand success!!!! 

 

    Principal 
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 “Success seems to be connected with action. Successful people keep moving. 

They make mistakes, but they don't quit." 

-- Conrad Hilton 

 
 It is indeed a matter of immense pleasure to announce that the Department of 
Computer Applications and PG department of Mathematics, K.S.R. College of Arts and 
Science for Women, is going to organize the ICMR sponsored International Conference on 
“Neo Trends in Bioinformatics and Its Models in Mathematical Perspective (NTBMP-17)” 
in the academic year 2017-2018. 
 I am confident that the conference discussions and the publication of the conference 
proceeding will bring opportunities among the academicians, corporate delegates, 
research scholars and students to present their innovative ideas, most up-to-date 
findings, and technical proficiency in the various fields of Research trends in Computer 
Applications and Mathematics.  
 On behalf of K.S.R. College of Arts and Science for Women I heartily welcome the 
Honorable Keynote Speaker, eminent academicians, corporate delegates and all the paper 
presenters to NTBMP-17. 
 A conference of this size relies on the contributions of many volunteers, and I would 
like to acknowledge the efforts of our Organizing Committee member’s invaluable help in 
the review process. I have grateful to all the authors who trusted the conference with 
their work. I appreciate and thank the support of our sponsors, Indian Council of Medical 
Research (ICMR) and Co-sponsors Cube-solutions, and Sun Printers. I also thank the 
Shanlax Publication who gave a moral support in the work of publications.  
 Thanks everybody who supports us directly and indirectly for this conference. 
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BIG DATA ANALYTICS FOR DISEASE DIAGNOSIS 
 

Venkateshwaran Muniappan 

Data Engineer, M5H1H1, Canada 

 
Abstract 

Health care analysis poses a consistent challenge to physicians and is the area of research in which trillions of 
amounts are being spent by all countries. The establishment of Medicine proposes several recommendations to increase the 
quality of health care. Similar data mining algorithms have been applied on the small health records to aid decision 
making process. In this proposed system, the patient health conditions are analyzed and exact disease is diagnosed using 
Big Data analytics with Evidence Based methodology. Patient’s medical history and current evidences are considered to 
diagnose and drug proposition. Patient analysis report is generated to monitor the recovery and patient feedback of the 
suggested drug is recorded to witness the success-rate of the diagnosis process. 

Keywords: Decision support system, decision making, Drug therapy, Big Data Analytics. 

 

Introduction 

 Accurate judgment of disease is a easier said than done task and is often delayed due to 

many factors complicating disease diagnosis. In significant life savings can be achieved if a 

precise diagnosis can be made.  Technological developments in medical field pave way for huge 

collection of healthcare data that include data about patients, changing conditions, treatments 

given, drug protocols, outcomes, etc. Normally, these unstructured data, make it difficult to 

capture and analyse using traditional means. Electronic health data sets are so large and 

complex and they are thorny (or impossible) to manage with traditional software and/or 

hardware; nor can they be easily managed with traditional or common data management tools 

and methods. 

 Another key challenge facing the healthcare industry is the methodology for quality services 

at within your means costs. A quality service implies diagnosing the disease correctly and 

treating them effectively. In accurate and delayed clinical decisions can lead to catastrophic 

results. Even the most scientifically advanced hospitals in much country have no such 

automated systems that predict a disease through processing enormous amount of clinical data. 

In recent years, various artificial intelligence techniques have been applied on the vast 

collection of medical to support disease opinion more effectively. In specific, the application of 

various machine learning approaches such as decision trees, artificial neural networks, 

Bayesian classifiers, and support vector machines (SVMs) have been actively applied for 

processing clinical support requirements. Big data is making possible the huge tasks that were 

before impossible, like preventing disease distribution and crime, personalizing healthcare, 

quickly identifying business opportunities, managing emergencies, protecting the homeland, 

and so on. 

 More reliable and convincing Clinical decision support systems (CDSS) are required to 

reduce the time required for diagnosis and increase the diagnosis accuracy. Evidence Based 

announcement making is a methodology in which the patient’s medical history and the current 

clinical observations are taken into contemplation before the diagnosing the disease. Evidence 

based disease verdict is achieved using Big Data Technique. In this paper, Big data approaches 
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are proposed to access and analyse disparate healthcare data to generate actionable 

perceptions. These insights can lead to enhanced patient care and better outcomes for the time 

being reducing the time and costs. In this system, machine learning techniques are used to infer 

diagnostic rules routinely from descriptions of previous, successfully treated patients, and help 

specialists make the analytical process more accurate and reliable.  Further content of this 

paper organized as section 2 describes the existing methods for production decisions by 

processing clinical data, Section 3 gives the architecture of the proposed system, Section 4 

narrates experimental outcome of the system. 

 
Related Works 

 Data Mining based Disease Learning Analysis for processing a Structured Data have been 

dyed in numerous literatures. These methodologies were not effective in management huge 

volume of data which actually is required for more accurate and reliable diagnosis and 

prediction. The big business Industries has starting exploring the usage of big data for shifting 

business intelligence from reporting and decision support to guess and decisions. Healthcare 

represents another major area to which big data may offer novel opportunities Omar El-Gayar 

and PremTimsin a  have proposed a model on proof Based Medicine andBig Data Analytics. This 

system focused on improving the cost-effective through the applications of business aptitude 

big data analytics. 

 Samir El-Masri et al.  have designed a model for clinical Decision Support System. The model 

is described an Adaptive Evidence based Medicine. Using this model, the patient data from 

Electronic Health Record (EHR)was collected in a data warehouse. The Clinical Practice rule 

(CPG’s) was taken and CP rules were generated using an robotic converter. These rules were 

applied on the data obtained from the warehouse and the standardized data was stored in the 

knowledgebase. The conjecture engine processed the questions from the physician and 

searched the knowledge base for the most applicable guideline. The model lacked in handling 

distributed nature of the process, that is, the CDSS that were biologically distributed could not 

interact with each other. The rules required to be standardized before processing thereby 

increasing the time complexity of the system. 

 Sankara narayanan.S and Pramananda Perumal.T. have invented a model for Diabetic 

prognosis using Data Mining techniques. The two major data mining algorithms Apriori and FP 

Growth were applied on Diabetes Mellitus dataset to generate association rules. Common item 

sets were mined after which rules were generated using support and self-confidence threshold 

values. This model was not generic to diagnose a variety of diseases. Accuracy of the prediction 

was not guaranteed and the model was not scalable to  support voluminous health records. 

Mohamed Abouzahra et all have implemented a model on integrating data from Electronic 

Health Record(HER) to improve Clinical judgment making for inciting Bowel disease. This 

model accumulates fragmented data of patient from different EHR systems. Analytical 

techniques were applied to this data to identify useful patterns. These techniques were based 

on physicians input, literature, and existing guidelines to identify possible relationships 
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between different components of patients data. Predictive methods were used to predict future 

conclusion of the patient and facilitated the diagnosis of disease. The patients’ privacy and 

information security issues were not treated properly. 

 
Clinical Decision Support System 

 In the proposed system, Evidence Based medication Analysis is achieved using Big Data 

Technique. This system includes, Patient Health Analysis, disease pattern analysis and Analysis 

of clinical evidence gathered. Patient Health Condition is analyzed using Bio Medical 

Investigations like Blood Sugar, Lipid profile, Height, Weight, BMI, BP, Heart Problems and 

other factors are considered. Disease patterns are identified using questionnaire to patients to 

explore heredity pattern, Tropical Region based patterns or some other Pattern. Clinical 

evidence like Symptoms, Bio medical Investigation are gathered and analyzed. These gathered 

data are split into smaller parts and processed in parallel to identify the suitable treatment and 

drugs using Hadoop Distributed File System (HDFS).Map reduce concept of Big data is utilized 

to process the voluminous clinical data efficiently. Machine Learning techniques are applied for 

diagnosing the disease. 

 
Hadoop Components 

Hadoop is an open-source framework for processing, storing and analyzing data. The basic 

principle of Hadoop is rather than processing one huge block of data all in one go, it’s more 

efficient to break up and distribute data into many parts, by allowing processing and analyzing 

of different parts of the enormous data concurrently. The Hadoop architecture is primarily a 

master-slave system. The two major layers of the system are HDFS and Map Reduce. Hardtop 

Distributed File System Stores files in blocks across many nodes in a cluster. HDFS Master is a 

Name Node which Runs on a single node as a master 

process and Directs client access to files in HDFS as 

depicted in Fig 3.1. HDFS Slave is a Data Node which 

Runs on all nodes in the cluster. Name node controls the 

block creation/replication/deletion at data nodes. 

 
Map Reduce Function 

 Map Reduce is a brainwashing model for processing 

huge volume of data in parallel. Map- Takes a single 

<key, value> pair, and produces zero or more new <key, 

value> pairs that may be of different type. Reduce-

Works on the output of Map function and produces 

desired result. 

 

     Fig.3.1 Hadoop Function 
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 In the planned model, Patient’s Symptoms and the clinical evidences from the database are 

given as an input to the Map () function as given in Fig 3.2. Various symptoms across different 

diseases are mapped in the form of <key, Values > pairs. Then symptoms and its most probable 

disease are identified by considering all clinical records available in the repository. The ailment 

that has the high chance of all the symptoms specified by the patient is extracted. Subsequently, 

the best treatment to treat the disease will be recommended by the system based on the 

success rate of drugs. 

       Fig.3.2. Map Reduce Function 

Input: Symptoms and Clinical 

Evidences 

Output: Disdease Diagnosis and 

Drug recommentation 

Means Algorithm 

 Clustering is the process of 

partitioning a group of data points 

into a small number of clusters. K-

mean is a clustering method that 

aims to find the clusters that curtail the square of the distance from the data points to the 

cluster. This algorithm has been research extensively and a detailed history of k-means along.

 The algorithm operates on a set of d-dimensional vectors, D={Xi│i=1,2,…N}, where Xid 

and denotes the  I th data point. The algorithm is initialized by picking k points in D as the 

initial k cluster representatives or “centroids”. Techniques for selecting these initial seeds 

include sampling at random from the dataset, setting them as the solution of clustering a small 

subset of the data or perturbing the global mean of the data k times. Then the algorithm 

iterates between two steps till convergence: 

Step 1: Data duty: Each data point is assigned to its closest centroid, with tiesbroken 

arbitrarily. This results in a partitioning of the data. 

Step 2: Relocation of “means”: Each cluster spokesperson is relocate to the centre(mean) of all 

data points assigned to it. If the data points come with a probability measure (weights), then 

the relocation is to the expectations (weighted mean) of the data partitions. 

In this system, patient symptoms and testing levels are assumed as a k clusters. Algorithm 

iterates till the patient records are clustered. 

 
Architecture of Proposed System 

Fig 4.1 describes the major components of the system and is explained below. 

Multi Access Control  

 In this module three different levels of access controls are implemented to support for 

three different retrieval levels. 
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Fig. 4.1. Clinical Decision Support system 

Modules Description 

Patient Data Gathering  

In this module, patient details are calm during the 

first visit of the patient for consultation. Patient data 

includes date of birth, date of last negative and first 

positive tests, root of illness, alcohol and drug usage. 

Evidence Data, including clinical data, are collected on a 

continuous basis every time the patient consults the 

treating physician. Evidence data includes information 

such as the treatments suggested, symptoms of disease, 

reaction to the prescribed drugs and laboratory results. 

Admin Account 

 Users having this access right will be able to add 

details about patients that are collected from the hospital 

and can also modify the patients personal details. 

Patient Account 

 In this patient account, patients can view their medical records, drugs agreed for them and 

progress in their recovery process. Patients can search or monitor their own details. 

Doctor Account  

 In this doctor can view the patient disease, symptoms and their test levels, analyze and 

identify the disease using automated machine learning approach that can be cross checked 

with their manual diagnosis and suggest the drug for the disease discovered. Disease diagnosis 

and drug identification are done by analyzing the voluminous records available in the 

repository using Big data techniques. 

Disease based Data Grouping 

 In this module, K-means clustering is used to process and group the enormous set of 

patient records. For any new patient, according to the clinical data and evidences gathered, the 

specific cluster can be identified and respective treatment methods can be suggested. This 

diagnosis would aid the physician to compare the patient’s details with a huge collection of 

records of other patients at region to global level quickly, easily and effectively. 

Patient Previous History & Personal Data Analysis 

 This system is designed to support the physician to accurately capture the state of the 

patient at all times. It allows for a behavior analysis of the patient’s recovery and response for 

the treatment and drugs as the entire patient history can be viewed without the need to track 

down the patient’s previous medical record volume. This system also assists in ensuring that 

the data is accurate, appropriate and legible. It reduces the chances of data replication as there 

is only one modifiable file, which means the file is constantly up to date when viewed at a later 

date and eliminates the issue of earlier forms or paperwork. Since all clinical details of a 

disease are identified by considering all clinical records 

available in the repository. The ailment that has the high 

chance of all the symptoms specified by the patient is 

extracted. Subsequently, the best treatment to treat the 

disease will be recommended by the system based on the 

success rate of drugs. 

SYMPTOMS 

 

 
HDFS 

 

 
BIG DATA 

MAP FUNCTION 

Symptoms 

& clinical evidence 

 

 
 

Data Node 1  Data Node 2  Data Node N 

Node Manager Node Manager Node Manager 

 
 

Input : Symptoms and Clinical Evidences 

Output : Disdease Diagnosis and Drug recommentation 

Fig.3.2. Map Reduce Function 

 

A. K Means Algorithm 

Clustering is the process of partitioning a group of data 

points into a small number of clusters. K-mean is a 

 

BIG DATA 

REDUCE FUNCTION 

 

Drug History 

Analysis 

 
Machine learning 

 
 

Disease Diagnosis 

 
 
 
 

 
 
 
 
 

Drug 

Name Node 
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patient are maintained, the extraction of medical data  for further examination of possible 

trends and long term changes in the patient are done easily and more efficiently. 

 
Experimental Setup  

 This system has been implemented in a desktop system with Intel i5 processor with 2GB 

RAM capacity. User interfaces of this system has been developed using JSP Application, MySQL 

5.0 database and Hadoop2.3.0 for Big Data techniques have been used. 

Experiment Results Sample data set 

 The sample dataset contains medical history collected from 1000 patient. Table1 shows 10 

samples from the dataset for the sake of understanding. Feedback collected from the patient is 

used to measure the efficiency of the drug recommendation system. According to this feedback, 

machine learning approach will analyze and identify the best drug for a patient having certain 

clinical evidences. 

Observation 

 With given data set and feedback from the patient, the system is capable of predicting the 

disease and recommends the drug for the patient. The table2 shows suggestion of disease and 

drug. 

Table.1 Dataset 

S.No Symtoms 
BP 

Level 
Sugar 
Level 

Glucose 
Level 

Uric 
acid 
level 

Protein 
Level 

1 Passing urine more often than usual, 
especially at night 

130 150 104 5.6 10.5 

2 Increased thirst 165 180 110 5.3 16.7 
3 Extreme tiredness 182 195 117 5.4 18.5 
4 Unexplained weight loss 175 200 102 5.5 19.6 
5 Genital itching or regular episodes of 

thrush 
146 185 112 6.1 18.6 

6 Slow healing of cuts and wounds 150 193 120 6.2 19.6 
7 Blurred vision 155 235 120 7.0 15.8 
8 Increase fatigue 145 195 125 7.2 17.9 
9 Numbness or tingling, especially in feet and 

hands 
165     

10 Intense hunger 175 320 130 7.6 20.6 
 

      Table.2 Suggestion of Disease and Drugs 

Success rate of the drug 

recommendation method is 

85% which indicates that the 

proposed system can process 

huge volume of records of 

lakhs of patient histories and is able to suggest the best suitable drug according to the health 

Disease Drugs Total Success Failure 
No 

Feed  
back 

Appendicitis Ciproflocin 20 17 3 0 

Appendicitis Tridazole 16 13 2 1 
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conditions of the patient under treatment. The physician’s opinion about the particular suitable 

kind of treatment and drugs to a specific patient can be cross-checked with the output 

generated by this system as a second opinion from expert. 

 
Conclusion 

 This system explored the possibility of utilizing the Big data techniques for evidence based 

health care support to improve the reliability of medical treatment. The system had analyzed 

the symptoms and diagnosed the exact disease and also the suitable drug is suggested for the 

diagnosed disease. This diagnosed disease and the best suitable drugs for a patient will aid the 

physician in analyzing and making decisions about the kind of treatment and medication for a 

patient with certain health conditions. Physician is able to get the required information as a 

second opinion before actual treatment starts. Thus the reliability of health care is  assured. As 

an extension to this system, the success rate of the drug recommendation can be improved by 

considering the feedback score given by the patients for identifying the suitable drug. 

 
References 

1. Omar El-Gayar, PremTimsina, Dakota State University, USA, “Opportunities for Business 

Intelligence and Big Data Analytics In Evidence Based Medicine”, IEEE Trans, 2014, 

pp.749-757. 

2. Samir El-Masri, ShakerH.El-Sappagh, A.M.Riad, Mohammed Elmogy, “An Adaptive Evidence 

Based Medicine System Based on a Clinical Decision Support System”, Science Series Data 

Report, 2012. 

3. Sankaranarayanan.S and Pramananda Perumal.T.“Diabetic prognosis using Data Mining 

methods and techniques” Proceedings of ICICA, Coimbatore, India,2014 

4. Mohamed Abouzahra, Kamran Sartipi, DavidArmstrong, Joseph Tan “Integrating Data from 

EHRs to Enhance Clinical Decision Making: The Inflammatory Bowel Disease Case” 

Proceedings of 27th International Symposium on Computer-Based Medical Systems,2012 

5. Lloyd SP (1957) Least squares quantization in PCM. Unpublished Bell Lab. Tech. Note, 

IEEETrans Inform Theory (Special Issue on Quantization), vol IT-28, pp 129–137, March 

1982 

6. Jain AK, Dubes RC (1988) Algorithms for clustering data. Prentice- Hall, Englewood Cliffs. 

7. T. Murdoch, A. Detsky, “The Inevitable Application of Big Data to Health Care”, JAMA, 2013, 

309(13):1351-1352. 

8. Apta zCDSS-E: A classifier ensemble-based clinical decision support system for 

cardiovascular disease level prediction Jae-Hong Eom a, Sung-Chun Kim b, Byoung-Tak 

Zhang, Expert Systems with Applications 34 (2008) 2465–2479, Science Direct. 

9. P.K. Anooj, “Clinical decision support system: Risk level prediction of heart disease using 

weighted fuzzy rules”, Journal of King Saud University – Computer and Information 

Sciences (2012)Science direct, 24, 27–40. 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 8     K.S.R. College of Arts and Science for Women 

 
OPTIMIZATION OF MEDICAL DIAGNOSIS USING OPEN SOURCE TOOLS 

 
S.Gowthaman 

Service Delivary Manager, Citi Bank, Poland 

 
Abstract 

 Data mining initiates the recent advances and applications in the promising areas of medicine and biology about the 
world. In the medical diagnosis, it is difficult for the experts to observe disease with assurance. By using data mining 
technique, this problem can be solved. This paper intends to provide the current techniques in data mining which are in use 
in today’s medical research mostly in Orthopedics diagnosis. This paper present a comparative study of different 
classification techniques using two open source data mining tools named WEKA and TANAGRA. The aim of this paper is to 
analyze the performance of different classification techniques for a set of Orthopaedic (muscular- skeletal) data. 

Keywords: Classification, Data Mining, Orthopaedic, Tanagra, Weka. 

 

Introduction 
 The science of extracting useful information from large data sets is term as data mining. 

However data mining concepts have an huge history, the term “Data Mining“, is introduced 

almost new, in mid 90’s. Data mining is an interdisciplinary field which cover-up the areas of 

statistics, machine learning, data management and databases, pattern recognition, artificial 

intelligence, etc. All of these are involved with certain aspects of data analysis, so they have 

much in recognizable but each also has its own distinct problems and a variety of solutions. The 

major motivation behind data mining is autonomously extract useful information or knowledge 

from large data stores or sets. This paper focuses on Orthopaedic injuries (muscular- skeletal 

system) which have a huge impact on a person’s life and it leads very cost effective for diagnosis 

and treatment. On diagnosis decisions, the machine learning techniques such as classification 

methods are very useful. The Orthopaedics Biomedical data set contains details of normal 

patients and disk hernia or spondylolisthesis termed as abnormal. The dataset contains 100 

normal patients and 210 abnormal patients are taken in to two different data mining tools such 

as Weka and Tanagra. In the dataset, each patient is represented by six attributes which 

depends upon the shape and orientation of the pelvis and lumbar bone having attributes like 

pelvic incidence, pelvic tilt, lumbar lordosis angle, sacral slope, pelvic radius and grade of 

spondylolisthesis and two class labels such as normal and abnormal. Spondylolisthesis [11] is 

the situation in which one of the bones of the spine (vertebrae) blunder on position, if it 

blundered so much, the bone might press on a nerve, generate pain. Commonly, the bones of 

the lower back are artificial so much. Spondylolisthesis [12] is the most common cause of back 

pain in youngerster’s. Lumbar lordosis is the inward (ventral) curvature of the lumbar spine 

found by the wedging of lumbar vertebral bodies and the intervertebral disks. Dorsal wedging 

of the vertebral bodies and disks raises the lordosis angle, whereas more ventral wedging of 

these structures reduces the lordosis angle. Pelvic incidence (PI), or pelvisacral angle, is 

described as the angle between a line perpendicular to the sacral plate at its midpoint and a line 

connecting the same point to the centre of the bicoxofemoral axis which is shown in the figure. 

The Sacrum is positioned farther back of the pelvis. Five bones integrated into a trilateral shape, 
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form the sacrum. The sacrum is put on the middle of two hipbones linking the spine to the 

pelvis positioned just beneath the lumbar vertebrae. Back pain or leg pain can frequently 

proceed due to injury where the lumbar spine and sacral region connect because this region of 

the spine is lead to a large amount of stress and wriggling. 

  

Literature Survey 

Jahanvi Joshi etal. [1] discussed on Diagnosis and prognosis breast cancer using 

classification rules on 36 algorithms using Weka tool. Jyoti Soni etal. [2] provide a survey of 

current techniques of information discovery in databases using data mining techniques that are 

in use in today’s medical research particularly in Heart Disease Prediction. Rashedur etal. [3] 

examine the performance of different classification methods that could generate accuracy and 

some error to diagnosis the data set using three data mining tools named WEKA, TANAGRA and 

MATLAB. Bendi Venkata Ramana et al. [4] compared popular Classification Algorithms for 

evaluate their classification performance in terms of Accuracy, Precision, Sensitivity and 

Specificity in classifying liver patient’s dataset. Shymaa Mohammed Jameel [5] solves a several 

cases taken from datasets such as Breast Cancer, Pima Indian Diabetes, Hagerman Surgery 

Survival, Liver disorders, Wisconsin Breast Cancer, Statlog Heart, Australian Credit support, 

Parkinsons SPECTF, German Credit Data and Appendicitis and take the correct decision within 

a good enough computational time. Gopala Krishna Murthy Nookala [6] made a comprehensive 

comparative analysis of 14 diverse classification algorithms and their performance has been 

evaluated by using 3 different cancer data sets to predict cancer based on the gene expression 

data.Abdullah H. Wahbeh etal. [7] conducted a comparative study on the performance of 

knowledge discovery tools and proved that WEKA toolkit has achieved the maximum 

improvement in classification presentation followed by Orange, KNIME and finally Tanagra 

respectively. Ritu Ganda and Vijay Chahar [8] make use of Cardiology Dataset and compared the 

results of simple clustering technique and K-means using WEKA and TANAGRA data mining 

tools. Y. Ramamohan [9] presents an overview of the data mining tools like Weka,Tanagra, 

Rapid Miner, Orange to make proactive and knowledge-driven decisions. Nikhil N. Salvithal, Dr. 

R. B. Kulkarni [10] judge the performance analysis which depends on many factors test mode, 

different natural history of data sets, type of class and size of data set by using different data 

mining classification algorithms on various datasets. 
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Methodology 

 The data mining concepts are categorized into predictive and descriptive methods. 

Predictive methods are analyzed using the previous data and make predictions of prospect 

data. This method includes classification, regression, time series analysis, and prediction. For 

classification, the data is classified into groups or classes which require algorithms based on 

data quality values and their rankings. Classification maps data into predefined groups or 

classes. It is often referred to as supervised learning. Classification algorithms require that the 

classes be defined based on data attribute values. In this paper different classification 

algorithms are considered. 

 
Classification Algorithms 

A classification algorithm assigns a class to a group of data records having specific attributes 

and attribute-values. The classification techniques in healthcare can be applied for diagnostic 

purposes. A classification model receives a set of relevant attribute-values, such as clinical 

observations or measurements and gives a class of data records as output. 

 As an example, the classes can identify “whether a patient has been diagnosed with a 

exacting disk problems or not”, and the classifier model assigns each patient’s case to one of 

these classes. Some classification techniques in Weka that are applied on healthcare includes 

Decision stump, Naïve Bayes Classifier, J48 Decision Trees, LMT Tree, Random Forest, Random 

Tree, REPTree, JRiP, ZeroR, OneR. The classification algorithms in Tanagra are Multi layer 

perceptron, Linear discriminate analysis, multiple linear regression, Naive Bayes, RndTree, ID3, 

C4.5, CRT, CS-CRT,CS-MC4. 

 In machine learning, the RndTree (random tree) classifier takes the input vector, classifies 

witsh each tree in the forest and gives the output of the class label which receives the majority 

of “votes”. C4.5 is a classification algorithm as well as a statistical classifier that generates a 

decision tree proposed by Ross Quinlan, which is an extension of Quinlan's earlier ID3 

algorithm. The C4.5 is similar to ID3 that builds decision trees from a set of training data using 

the concept of entropy. Using this entropy calculation, the splitting of samples in to subsets is 

efficiently implemented in C4.5. The attribute with the highest normalized information gain 

(entropy) is chosen to make the decision of    the    root    node.    J48 is     an another     open   

source Java implementation of the C4.5  algorithm   in  the data mining tool Weka. The ID3 is an 

iterative dichotomiser algorithm used to generate a decision tree which is a precursor to the 

c4.5 algorithm. The C-RT and CS-RT are the cart method under Tanagra is a very accepted 

classification tree learning algorithm. Cart builds a decision tree by splitting the records at each 

node. For best splitting of records it uses Gini Index. The CS-RT is similar to cart but with cost 

sensitive classification. The CS-MC4 is a cost sensitive decision tree algorithm uses m-estimate 

smoothed prospect opinion which is a generalization of Laplace estimation. It minimizes the 

predictable loss using misclassification cost matrix for the decision of the best prediction with 

in leaves. The pre-condition requisite for this algorithm is that at least one discrete target value 

and one or more continuous / discrete values for input must be available. 
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Results and Discussions 

 Classification is one of the data mining techniques, which gives the decision for diagnosing 

process. There are different algorithms which are practised in two different data mining tools 

such as Weka and Tanagra. The performance parameters such as accuracy and through put are 

calculated using both the data mining tools. Among them, the classification algorithms are well 

executed in Tanagra compare to weka with the accuracy of 100%. In Weka, J48 and PART 

algorithms reach more than 80% accuracy, and the time taken to build the algorithms is almost 

low. In Tanagra, the each and every algorithm shows more than 90% accuracy and takes less 

time to execute an algorithm. Nearly twenty algorithms are implemented on the Orthopaedic 

data set using the Open Source tools. Performance of the algorithms are compared and shown in 

the following figures. 

 

Fig.1 Time taken to build model in WEKA 

 
Fig.2 Accuracy of the algorithms in WEKA 

 
Fig.3 Time taken to build model in TANAGRA 
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Fig.4 Accuracy of the algorithms in TANAGRA 

 
Table 1: Attributes Ranking and Gain Ratio 

 In Fig.5 the attribute in 

the data set are ranked 

using the Gain Ratio. 

Depending on the rank of 

the attributes the medical 

experts diagnosis the 

orthopaedi c conditions of 

the patient and predict the status of the patients whether they are in normal or abnormal 

conditions. From the below Gain Ratio table, the degree_spondylolisthesis is the sixth attribute 

in the Orthopaedic data set and its gain ratio is 0.3405 which is higher than other attributes. 

The decision tree is built using the attribute with highest gain ratio as root node. 

 
Fig .5 Attribute ranking using Gain Ratio 

Conclusion 

 Data mining is attractive progressively 

more widespread in banking, insurance, 

medicine, and retailing industries. In this 

paper the problem of orthopaedic (muscular 

skeletal system) is predicted by different 

classification algorithms using open source 

data mining tools. The outcome of this paper is prediction of the orthopaedic problems by 

implement almost twenty algorithms on two different open source tools such as Weka and 

Tanagra to estimation the accuracy among all the algorithms and also the attribute ranking is 

residential to make a decision on the orthopaedic problems. Among all the classification 

algorithms, the results are more correct in Tanagra tool compared to Weka. 
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Abstract 

 Quantile regression analysis is a type of regression analysis used in statistics and econometrics. Whereas the method 
of least squares results in estimates that approximate the conditional mean of the response variable given certain values of 
the predictor variables, quantile regression aims at estimating either the conditional median or other quantiles of the 
response variable. Quantile regression (QR) has received increasing attention in recent years and applied to wide areas 
such as investment, finance, economics, medicine and engineering. Compared with conventional mean regression, QR can 
characterize the entire conditional distribution of the outcome variable, may be more robust to outliers and mis-
specification of error distribution, and provides more comprehensive statistical modeling than traditional mean 
regression. QR models could not only be used to detect heterogeneous effects of covariates at different quantiles of the 
outcome, but also offer more robust and complete estimates compared to the mean regression, when the normality 
assumption violated or outliers and long tails exist. These advantages make QR attractive and are extended to apply for 
different types of data, including independent data, time-to-event data and longitudinal data. Consequently, we present a 
brief review of QR and its related models and methods for different types of data in various application areas. 

Keywords: Quantile regression (QR); asymptotic laplace distribution (ALD); Time-to-event; Longitudinal data. 

 

Introduction 

 In statistical modeling, regression has been developed to quantify the relationship between 

dependent variable (outcome) and independent variables (covariates) for over 200 years. The 

classic regression has been one of the most widely used statistical methods to capture the 

effects at the mean. These conventional regressions assume that the regression 

coefficients/covariates effects are constant across the population. However, such average 

effects are not always of interest in many areas, and sometimes quite heterogeneous. For 

example, Quantile regression (QR) with applications by exploring the relation of the foreign 

direct investment and economic growth and in “precision health/medicine” have been widely 

adopted in related fields currently. A lot of researchers, economists, financial investors, 

clinicians and policymakers have showed increasing attention on group differences across the 

entire population rather than that solely on the average. Mean regression cannot satisfy with 

all of these needs or requirements. 

 Developed by Koenker and Bassett in 1978, QR complements and improves the traditional 

mean regression models. In this situation of homogeneity assumption violated, QR quantifies 

the heterogeneous effects of covariates through conditional quantiles of the outcome variable, 

and provides a comprehensive scan of the whole distribution of the outcome. Additionally, it is 

well known that when asymmetries and heavy tails exist, the sample median (the 50th 

percentile), one of the best-known example of quantiles, provides a better summary of 

https://en.wikipedia.org/wiki/Regression_analysis
https://en.wikipedia.org/wiki/Method_of_least_squares
https://en.wikipedia.org/wiki/Method_of_least_squares
https://en.wikipedia.org/wiki/Method_of_least_squares
https://en.wikipedia.org/wiki/Mean
https://en.wikipedia.org/wiki/Median
https://en.wikipedia.org/wiki/Quantiles
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centrality than the mean. As a consequence, compared to the standard mean regression 

models, QR is more robust to outliers and more flexible, because the distribution of the 

outcome does not need to be strictly specified as certain parametric assumptions. Although 

mean regression-based methods still dominate the statistical modeling field, QR can be viewed 

as a critical extension and complement when assumptions are violated. Thus, QR has become a 

subject of intense investigation and application in the past decades. 

 QR has attracted considerable research interest in decades, and has been widely applied to 

independent data and time-to-event data. Recently, the use of QR for longitudinal data has also 

received increasing attention. This review article is organized to provide a brief overview of 

QR models and associated statistical methods for these three types of data with applications in 

different areas. 

 
Models 

QR Models for Independent Data 

 In analogy with traditional linear regression, QR model for independent data was formally 

formulated by Koenker and Bassett in 1978 as an extension from the notion of ordinary 

percentiles. The different QR approaches can be roughly classified into two groups: 

minimization of weighted absolute deviations, which is a typical inferential method used in QR; 

and the maximization of a Laplace likelihood. 

 The former is based on Koenker and Bassetts work which estimated the conditional 

median and a full range of other quantile functions by minimizing asymmetrically weighted 

absolute residuals. Generally, let yi and xi denote the outcome of interest and the 

corresponding covariate vector for subject i (i=1, . . . , n), where yi is independent scalar 

observations of a continuous random variable with common cumulative distribution function 

(cdf) Fyi (⋅ ) . The QR model with αth quantile for the response yi given xi takes the form of 

𝑄𝑌  (𝛼/𝑥𝑖) = g[𝑥𝑖  ,𝛽]  −−−−−−−−−−(1) 

 
Where 𝛼 𝜖 [0,1] 

Q yi (.) = 𝑓𝑦𝑖
−1(.) is the inverse of cdf of yi given xi evaluated at α with 0<α<1, g(∙) is a known 

function. The regression coefficient vector 

β is estimated by minimizing 

 𝑝∝(𝑦𝑖 −  𝑔(𝑥𝑖 ,𝛽))

𝑛

𝑖=1

   −−−−−−−−−−−−(2) 

 Where ρτ(∙) is the check function defined by ρτ(u)=u(τ−I(u<0)) and I(∙) denotes the indictor 

function.Traditional QR makes minimal assumptions on the form of the error term, which is 

flexible, but inference for these models is challenging, particularly when the data features are 

complicated. 

 The latter is built on the asymmetric Laplace distribution (ALD), and other parametric 

distributions, like an infinite mixture of Gaussian densities. ALD, which is closely related to the 

check function for QR, has been discussed in the literature A random variable Y is said to 
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follow ALD if its probability density function (pdf) with parameters µ, σ and α is given by 

𝑓  
𝑥

𝜇
,𝜎,𝛼 =

𝛼 1−𝛼 

𝜎
  exp {𝜑𝑡    (𝑥-𝜇)/𝜎 }    (PDF of Laplace distribution) 𝑄𝑦 𝛼 = 𝐹𝑌

−1(𝛼) =

inf{𝑦 = 𝐹𝑦(𝑦) ≥ 𝛼} 

 Where ρα(u)=u(α−I(u<0)) is the check function, I(•) is the indicator function, 0<α<1 is the 

skewness parameter, ς>0 is the scale parameter and −∞<µ<∞ is the location parameter. The 

range of y is (−∞, ∞). We denote the above distribution by ALD (µ, σ, α). 

 Briefly, if Y ALD (µ, ς, α), then Pr(y ≤ µ)=α and Pr(y>µ)=1−α, which shows that the 

parameters µ and α in ALD satisfy µ to be the αth quantile of the distribution. However, the 

ALD is not smooth and thus difficult to maximize its likelihood function. Fortunately, as shown 

in these studies, the ALD has various mixture representations. A hierarchical mixture of 

exponential and normal distributions is utilized to develop algorithms for the QR models. 

These important features of ALD have been generally adopted for likelihood based quantile 

inference, as well as the Bayesian inference. See Yu and Zhang’s work for further properties 

and generalizations of this distribution as well as its close relationship with QR. By utilizing 

this property, under independent data setting, a large number of QR-based statistical models 

and various associated analysis methods have been investigated in the literature. For example, 

a likelihood-based goodness-of-fit test has been proposed for QR . Bayesian QR , and the 

Bayesian estimation procedure for the Tobit QR model with censored data have also been 

developed. 

 Importantly, these two classes of QR inferential methods are not mutually exclusive. The 

relationship between the check function and ALD can be used to reformulate the QR method in 

the likelihood framework. Considering ς a nuisance parameter, it can be easily shown that the 

minimization of equation (2) in the former method with respect to the parameter β is exactly 

equivalent to the maximization of an ALD-based likelihood function in the latter. 

 It has been demonstrated that QR is widely used to analyze independent data in many 

important application areas. First, due to the importance of modeling extreme values 

accurately, the foreign direct investment (FDI), finance and economics are the most important 

area where QR is utilized. Girma and Gorg and Zhou used QR modeling to explore relationship 

between the foreign direct investment and economic growth. Several economists have 

examined wage structure and wealth distribution using QR . Specifically, research has been 

conducted to explore the gap in wage and wealth distribution, including the effect of gender on 

wage. The wage differences between public and private entities wealth inequality between 

urban and rural areas and the impact of education on wage and intergenerational earnings. 

Focusing on the women group, Moshe Buchinsky studied female wage distribution in the USA 

and their return to education using QR as an analytic tool. In addition, QR has also been applied 

in economic-based discipline. In the area of economics and education, QR has been applied to 

examine the impact of school choice and quality  on student performance and achievement . 

With the application of economics on management, QR has been used to study the effect of 

innovation on firm growth and relationship between companies foreign ownership and 
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production efficiency as well as association of FDI and economic growth. In the sub-area of 

economics and policy, existing corruption levels have been explored and the relationship 

between FDI and corruption level has been examined using QR models. In the finance field, QR 

has been adopted to study housing price, capital structure, FDI and investment treaties and 

stock market returns based on cross-sectional data. 

 In addition, QR is becoming more popular in clinical, biomedical, and other health related 

research. For example, Austin et al. examined the varying gender differences in the delivery of 

thrombolysis in patients with an acute myocardial infarction by QR. Briollais and Durrieu 

provided a review of recent applications of QR to the area of genetics. Azagba and Sharaf 

identified that increasing the intake of fruits and vegetables may be an effective dietary 

strategy to control weight and mitigate the risk of obesity, which is more effective at the higher 

quantiles of the body mass index (BMI) distribution. More applications of QR to independent 

data could be found in various fields, such as public health, bioinformatics, healthcare, 

environmental science, and ecology. 

 
QR Models for Time-to-Event Data 

 Time-to-event data arise when interest is focused on the time elapsing before an event is 

experienced. Application to analysis of this kind of data, called survival analysis or duration 

models, is objective to investigate the effects of covariates on the survival/duration time. 

These effects can be heterogeneous on low, medium, and high risk subjects. In other words, 

covariates may have greater effects at an early period of survival, and weaker effects or even 

no effect later, or vice versa. QR has been considered to apply to measure the differences of 

covariates effects at different quantiles of survival/duration time. Furthermore, the 

survival/duration time often exists non-normality and long tails, and thus QR-based survival 

models provide more robust estimation than traditional mean regression-based ones. 

 Although, Coxs proportional hazard model is the most often used for survival analysis, it is 

rarely generalized to QR-based models. Alternatively, the accelerated failure time (AFT) model 

with the transformed survival time can be employed to QR field, in which logarithm 

transformation is the most commonly used one. Due to the complexity of the time-to-event 

data, large number of studies has contributed to the QR-based AFT model under different 

scenarios. Ying et al. studied a semiparametric procedure for median regression. Yang 

extended the median regression with weighted empirical survival and hazard functions based 

estimation. Portnoy generalized the principle of the Kaplan-Meier estimate under QR 

framework. Yin et al., investigated the quantile regression model for correlated failure time 

data. Peng and Huang [60] developed an estimator which is very close to Nelson-Aalen 

estimator? Most recently, great work is still expanding this area to recurrent events, various 

censoring types, competing risks. 

 There are many applications of QR to survival analysis or duration models. For instance, in 

finance and economics, Schaech assessed the association among bank liability structure and 

time to failure by a QR approach. In clinical research, Carey et al. found that AIDS patients with 
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lower growth velocity (below the 10th quantile) had significantly increased risk of death. In 

healthcare, Austin et al.  determined patient and system characteristics associated with the 

waiting time of essential medical treatment by QR, and found that gender had a greater impact 

upon those patients who had the greatest delays in treatment. Other interesting applications 

could also be found in economics, clinical and biomedical research, and healthcare areas. 

 
QR Models for Longitudinal Data 

 Longitudinal data, sometimes called panel data, show great complexity in statistical 

analysis and application due to the correlation between and within repeatedly measured 

observations. In statistics, mixed-effects models are becoming increasingly popular in 

longitudinal data analysis. However, the majority of longitudinal modeling methods are based 

on mean regression to concentrate only on the average effect of covariate and the mean 

trajectory of longitudinal outcome. Thus, mimic to independent data, QR has also been 

extended and applied to longitudinal data. Longitudinal QR has the capability, at both of the 

population and individual level, to identify heterogeneous covariates effects, and describe 

differences in longitudinal changes at different quantiles of the outcome, and provides more 

robust estimates when heavy tails and outliers exist. 

 Similar as QR for independent data, longitudinal QR models, specifically QR-based mixed-

effects models have been proposed via different statistical approaches, which could also be 

classified into two categories: distribution-free and likelihood-based. In details, for example, 

Jung firstly developed a quasi-likelihood method for median regression considering 

correlations between repeated measures for dependent data. He et al. proposed a median 

regression based linear mixed-effects model for longitudinal data. Koenker generalized his 

previous work on QR to longitudinal data via penalized least squares method. Other methods 

or algorithms used to QR includes Barrodale-Roberts algorithm , Expectation-Maximization 

(EM) algorithm  Monte Carlo Expectation-Maximization (MCEM) algorithm ,and Bayesian 

approach by Markov chain Monte Carlo (MCMC) procedure .Longitudinal QR has been rapidly 

expanded in many areas, including investment and finance, economics , environmental science, 

geography, public health and biomedical research. In investment and finance areas, Bassett 

and Chen utilized longitudinal QR to provide additional information from the time series data 

of portfolio returns based on the way style that affects returns at places other than the 

expected value of return. In economics, Buchinsky studied US wage structure from 1963 to 

1987 with the application of longitudinal QR. It provided a full scan of information among time 

effects, education level, and years of experience in different wage quantile. In public health, 

Smith et al. revealed that the association between high blood pressure and living in an urban 

area has evolved from positive to negative, with the strongest changes occurring in the upper 

tail. In meteorology, Timofeev and Sterin utilized longitudinal QR to analyze various changes in 

climate characteristics. In biomedical studies, Revzin et al. investigated the effect of a naturally 

derived biological peptide, P28, and found that it produced slower rates of growth in the upper 

quantiles of melanoma tumor volumes in mice. Data collected in many longitudinal studies 
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record much information, not only repeated measures, but also time-to-event information. For 

example, in HIV/AIDS studies, viral load (the number of copies of HIV-1 RNA) and CD4 cell 

counts are important biomarkers of the severity of a viral infection, disease progression, and 

treatment evaluation, and their time trends of longitudinal measures may also be predictive of 

the risk of a terminal event. Thus, joint models are an active area of statistics, because of its 

capability on the bias reduction and improvement of estimates’ efficiency. More recently, QR 

has been extended to more complicated joint models in AIDS research. Farcomeni and Viviani 

developed QR-based longitudinal-survival joint models in the presence of informative dropout. 

Huang et al. proposed QR-based mixed-effects joint models by considering many longitudinal 

data features simultaneously, including covariate measurement errors, missing, non-

normality, left-censoring and time-to-event outcomes. 

 
Summary and Conclusion 

 This review provided a general overview of QR-based models and methods targeting 

different types of data and application areas. We have illustrated that QR is a powerful tool to 

detect heterogeneous effects of covariates at different quantiles of the outcome, and 

complements excellently the mean regression when data are in presence of outliers and long 

tails. Recent developments and extensions in QR-based models offer increasing ability and 

flexibility in capturing independent, time-to-event, and longitudinal data with different data 

features, which can benefit applications in various scientific and finance areas. 

 We believe that QR, a comprehensive strategy, has a bright future. In financial/investment 

market, QR is more powerful for investors to predict investment strategies; in medicine, 

according to the idea of “precision medicine”, QR is more precise for physicians to evaluate 

treatment and make clinical decisions, compared to mean regression models. In statistics, 

especially in the “big data” era, data sources get richer, data structures become more 

complicated, extreme values and heterogeneity increase. Instead of the mean regression, 

which hardly meets our expectation, QR methods dig deeper into the data, grab more 

information, and become more relevant. Last but not the least, as the power of the computer 

has advanced the computational load for QR-based models and methods has decreased 

substantially. Thus, more complicated QR-based models could be considered under a Bayesian 

framework and applied to more diverse areas in near future. 

 A final note that we would like to make is possible software to implement QR modeling 

methods. The most widely used software for QR models is R with “quantreg” package. It covers 

linear, nonlinear parametric and non- parametric (total variation penalized) models for 

conditional quantiles of a univariate response, and several methods for handling censored 

time-to-event data. Other R packages are also available for specific QR topics. For example, R 

package “cmprskQR” is developed for analysis of competing risks using QR; package “lqmm” , 

and “qrlmm” ,deal mainly with longitudinal data via QR-based linear or non-linear mixed-

effects models. SAS currently also includes a “quantreg” procedure, which is similar as the R 

“quantreg” package. Stata software has “qreg” function to fit QR models, but the capabilities are 
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limited. QR also has been added to SPSS (version 22.0.0 or later), just simply estimate one or 

more conditional quantiles for a linear model. When the model components are very 

complicated, especially for survival and longitudinal data with multiple data features, which 

bring extremely heavy computational load, the Bayesian method shows its advantages. The 

WinBUGS software interacted with the package “R2WinBUGS” in R and “Rstan” package in R 

are good choices with a lot flexibility for Bayesian inference. 
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Abstract 

 One of the most important challenges in bioinformatics is transformation of biomedical big data into valuable 
knowledge. Deep learning demonstrates the state-of-the-art performance in various fields. Application of deep learning in 
bioinformatics has been emphasized in both academics and industry. An useful and comprehensive perspective, of 
bioinformatics domain and deep learning architecture is provided and brief descriptions of each study is presented in this 
paper.  

Keywords: Deep learning, neural network, machine learning, bioinformatics, omics, biomedical imaging,biomedical 

signal processing. 

 
Introduction 

Machine learning has been a widely used successful methodology to extract knowledge 

from big data in bioinformatics. To uncover underlying patterns, build models, and make 

predictions based on the best fit model. Indeed, some well-known algorithms have been 

applied in genomics, proteomics, systems biology, and numerous other domains machine 

learning algorithms used.  

Deep learning, a branch of machine learning, has recently emerged based on big data, the 

power of parallel and distributed computing, and sophisticated algorithms. Deep learning, 

promise to leverage very large data sets for finding hidden structure within them, and for 

making accurate predictions.  

Furthermore deep learning is responsible for major advances in diverse fields where the 

artificial intelligence (AI) community has struggled for many years. One of the most important 

advancements thus far has been in image and speech recognition, although promising results 

have been disseminated in natural language processing and language translation. Certainly, 

bioinformatics can also benefit from deep learning splice(Figure 1): splice junctions can be 

discovered from DNA sequences, finger joints can be recognized from X-ray images, lapses can 

be detected from electroencephalography (EEG) signals, and so on. 

 
Fig.1 Deep Learning in Bioinformatics  

In addition, although recently 

published reviews by Leung et al. [1] 

discussed deep learning applications in 

bioinformatics research. In this paper, a 

more comprehensive review of deep 

learning for bioinformatics and 

research examples categorized by 

bioinformatics domain and deep 

learning architecture are provided. The 
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goal is to provide a valuable insight and to serve as a starting point to facilitate the application 

of deep learning in bioinformatics studies.  

 

Deep learning: a brief overview 

Fig.2 History of Deep Learning 

Figure 2 illustrates the relationships and high-level 

schematics of different disciplines. Early approaches 

attempted to explicitly program the required knowledge for 

given tasks. However, these faced difficulties in dealing with 

complex real-world problems because designing all the detail 

required for an AI system to accomplish satisfactory results 

by hand is such a demanding job. Machine learning provided 

more viable solutions with the capability to improve through 

experience and data. Although machine learning can extract 

patterns from data, there are limitations in raw data 

processing, which is highly dependent on hand-designed 

features. To advance from hand-designed to data-driven 

features, representation learning, particularly deep learning has shown great promise. 

Representation learning can discover effective features as well as their mappings from data for 

given tasks. Furthermore, deep learning can learn complex features by combining simpler 

features learned from data. In other words, with artificial neural networks of multiple 

nonlinear layers, referred to as deep learning architectures, hierarchical representations of 

data can be discovered with increasing levels of abstraction. 

Deep learning libraries 

To actually implement deep learning algorithms, a great deal of attention to algorithmic 

details is required. Fortunately, many open source deep learning libraries are available online. 

According to benchmark test results of CNNs, Python-based Neon shows a great advantage in 

the processing speed. C++ based Caffe and Lua-based Torch offer great advantages in terms of 

pre-trained models and functional extensionality, respectively. Python-based Theano provides 

a low-level library to define and optimize mathematical expressions; moreover, numerous 

higher-level wrappers such as Keras, Lasagne, and Blocks] have been developed on top of 

Theano to provide more intuitive interfaces. C++-based TensorFlow with a Python interface 

library shows limited performance but is undergoing continuous improvement, as 

heterogeneous distributed computing is now supported. 

Deep neural networks 

The basic structure of DNNs consists of an input layer, multiple hidden layers, and an 

output layer (Figure 4). Once input data are given to the DNNs, output values are computed 

sequentially along the layers of the network. At each layer, the input vector comprising the 

output values of each unit in the layer below is multiplied by the weight vector for each unit in 

the current layer to produce the weighted sum. Then, a nonlinear function, such as a sigmoid, 
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hyperbolic tangent, or rectified linear unit (ReLU) , is applied to the weighted sum to compute 

the output values of the layer. The computation in each layer transforms the representations 

in the layer below into slightly more abstract representations. Based on the types of layers 

used in DNNs and the corresponding learning method, DNNs can be classified as MLP, SAE, or 

DBN. 

DNNs are renowned for their suitability in analyzing 

high-dimensional data. Bioinformatics data are typically 

complex and high-dimensional, DNNs have great 

promise for bioinformatics research.  

 

Convolutional neural networks  

CNNs are designed to process multiple data types, 

especially two-dimensional images, and are directly 

inspired by the visual cortex of the brain. In the visual 

cortex, there is a hierarchy of two basic cell types: 

simple cells and complex cells. Simple cells react to primitive patterns in sub-regions of visual 

stimuli, and complex cells synthesize the information from simple cells to identify more 

intricate forms. Since the visual cortex is such a powerful and natural visual processing 

system, CNNs are applied to imitate three key ideas: local connectivity, invariance to location, 

and invariance to local transition.  

Recurrent neural networks 

RNNs, which are designed to utilize sequential information, have a basic structure with a 

cyclic connection. Since input data are processed sequentially, recurrent computation is 

performed in the hidden units where cyclic connection exists. Therefore, past information is 

implicitly stored in the hidden units called state vectors, and output for the current input is 

computed considering all previous inputs using these state vectors . Since there are many 

cases where both past and future inputs affect output for the current input, bidirectional 

recurrent neural networks (BRNNs) have also been designed and used widely. 

 
Emergent Architectures 

Emergent architectures refer to deep learning architectures besides DNNs, CNNs, and 

RNNs. In this paper, three emergent architectures (i.e., DST-NNs, MD-RNNs, and CAEs) and 

their applications in bioinformatics are introduced. 

DST-NNs are designed to learn multi-dimensional output targets through progressive 

refinement. The basic structure of DST-NNs consists of multi-dimensional hidden layers. The 

key aspect of the structure, progressive refinement, considers local correlations and is 

performed via input feature compositions in each layer: spatial features and temporal 

features. Spatial features refer to the original inputs for the whole DST-NN and are used 

identically in every layer. However, temporal features are gradually altered so as to progress 

to the upper layers. Except for the first layer, to compute each hidden unit in the current layer, 
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only the adjacent hidden units of the same coordinate in the layer below are used so that local 

correlations are reflected progressively. 

MD-RNNs are designed to apply the capabilities of RNNs to non-sequential multi-

dimensional data by treating them as groups of sequential data. For instance, two-dimensional 

data are treated as groups of horizontal and vertical sequence data. Similar to BRNNs which 

use contexts in both directions in one-dimensional data, MD-RNNs use contexts in all possible 

directions in the multi-dimensional data. 

CAEs are designed to utilize the advantages of both AE and CNNs so that it can learn good 

hierarchical representations of data reflecting spatial information and be well regularized by 

unsupervised training. In training of AEs, reconstruction error is minimized using an encoder 

and decoder, which extract feature vectors from input data and recreate the data from the 

feature vectors, respectively. In CNNs, convolution and pooling layers can be regarded as a 

type of encoder. Therefore, the CNN encoder and decoder consisting of deconvolution and 

unpooling layers are integrated to form a CAE and are trained in the same manner as in AE. 

Deep learning is a rapidly growing research area, and a plethora of new deep learning 

architecture is being proposed but awaits wide applications in bioinformatics. Newly 

proposed architectures have different advantages from existing architectures, produce 

promising results in various research areas. The progressive refinement of DST-NNs fits the 

dynamic folding process of proteins and can be effectively utilized in protein structure 

prediction, the capabilities of MD-RNNs are suitable for segmentation of biomedical images 

since segmentation requires interpretation of local and global contexts; the unsupervised 

representation learning with consideration of spatial information in CAEs can provide great 

advantages in discovering recurring patterns in limited and imbalanced bioinformatics data. 

Omics 

In omics research, genetic information such as genome, transcriptome, and proteome data 

is used to approach problems in bioinformatics. Some of the most common input data in omics 

are raw biological sequences which have become relatively affordable and easy to obtain with 

next-generation sequencing technology. In addition, extracted features from sequences such as 

a position specific scoring matrices (PSSM), physicochemical properties, and one-dimensional 

structural properties are often used as inputs for deep learning algorithms to alleviate 

difficulties from complex biological data and improve results. The topics in omics are 

categorized into four groups. One of the most researched problems is protein structure 

prediction, which aims to predict the secondary structure or contact map of a protein. Gene 

expression regulation, including splice junctions or RNA binding proteins, and protein 

classification, including super family or subcellular localization, are also actively investigated. 

Furthermore, anomaly classification approaches have been used with omics data to detect 

cancer. 

Deep Neural Networks  

DNNs have been widely applied in protein structure prediction research. Since complete 

prediction in three-dimensional space is complex and challenging, several studies have used 
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simpler approaches, such as predicting the secondary structure or torsion angles of protein. 

Lee et al. [4] utilized DBN in splice junction prediction, a major research avenue in 

understanding gene expression, and proposed a new DBN training method called boosted 

contrastive divergence for imbalanced data and a new regularization term for sparsity of DNA 

sequences. In terms of protein classification, Asgari et al. [5] adopted the skip-gram model, a 

widely known method in natural language processing, that can be considered a variant of MLP, 

and showed that it could effectively learn a distributed representation of biological sequences 

with general use for many omics applications, including protein family classification. For 

anomaly classification, Fakoor et al. [7] used principal component analysis (PCA) to reduce the 

dimensionality of microarray gene expression data and applied SAE to classify various cancers, 

including acute myeloid leukemia, breast cancer, and ovarian cancer. 

Convolutional neural networks 

Relatively few studies have used CNNs to solve problems involving biological sequences, 

specifically gene expression regulation problems nevertheless, those have introduced the 

strong advantages of CNNs, showing their great promise for future research. First, an initial 

convolution layer can powerfully capture local sequence patterns and can be considered a 

motif detector for which PSSMs are solely learned from data instead of hard-coded. The depth 

of CNNs enables learning more complex patterns and can capture longer motifs, integrate 

cumulative effects of observed motifs, and eventually learn sophisticated regulatory codes. 

Moreover, CNNs are suited to exploit the benefits of multitask joint learning. By training CNNs 

to simultaneously predict closely related factors, features with predictive strengths are more 

efficiently learned and shared across different tasks. 

Recurrent neural networks  

RNNs are expected to be an appropriate deep learning architecture because biological 

sequences have variable lengths, and their sequential information has great importance. 

Several studies have applied RNNs to protein structure prediction, gene expression regulation, 

and protein classification. Thereafter, the improved performance of LSTM hidden units 

became widely recognized, so Sønderby et al. [6] applied BRNNs with LSTM hidden units and a 

one-dimensional convolution layer to learn representations from amino acid sequences and 

classify the subcellular locations of proteins. 

Emergent architectures  

Emergent architectures have been used in protein structure prediction research, 

specifically in contact map prediction. Di Lena et al. [2] applied DST-NNs using spatial features 

including protein secondary structure, orientation probability, and alignment probability. 

Additionally, Baldi et al. [3] applied MD-RNNs to amino acid sequences, correlated profiles, 

and protein secondary structures. 

Biomedical imaging  

Biomedical imaging is another an actively researched domain with wide application of 

deep learning in general image-related tasks. Most biomedical images used for clinical 

treatment of patients—magnetic resonance imaging (MRI), radiographic imaging positron 
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emission tomography (PET), and histopathology imaging have been used as input data for 

deep learning algorithms. The research avenues in biomedical imaging are categorized into 

four groups. One of the most researched problems is anomaly classification to diagnose 

diseases such as cancer or schizophrenia Additionally, cranial MRIs have been used in brain 

decoding to interpret human behavior or emotion. 

Deep neural networks  

In terms of biomedical imaging, DNNs have been applied in several research areas, 

including anomaly classification, segmentation, recognition, and brain decoding. Interestingly, 

similar to handwritten digit image recognition, Van Gerven et al. [12] classified handwritten 

digit images with DBN not by analyzing the images themselves but by indirectly analyzing 

indirectly functional MRIs of participants who are looking at the digit images. 

Convolutional neural networks  

The largest number of studies have been conducted in biomedical imaging, since these 

avenues are similar to general image-related tasks.  Ciresan et al. [8] used CNNs to detect 

mitosis in breast cancer histopathology images, a crucial approach for cancer diagnosis and 

assessment. Other applications of CNNs can be found in segmentation and recognition. Lee et 

al. [11] proposed a CNN-based finger joint detection system, FingerNet, which is a crucial step 

for medical examinations of bone age, growth disorders, and rheumatoid arthritis. 

Recurrent neural networks  

Traditionally, images are considered data that involve internal correlations or spatial 

information rather than sequential information. Treating biomedical images as non-sequential 

data, most studies in biomedical imaging have chosen approaches involving DNNs or CNNs 

instead of RNNs. 

Emergent architectures  

Attempts to apply the unique capabilities of RNNs to image data using augmented RNN 

structures have continued. MD-RNNs have been applied beyond two-dimensional images to 

three-dimensional images. Stollenga et al. [10] applied MD-RNNs to three-dimensional 

electron microscopy images and MRIs to segment neuronal structures. 

 
Discussion 

Considering the necessity of optimizing a tremendous number of weight parameters in 

neural networks, most deep learning algorithms have assumed sufficient and balanced data. 

Unfortunately, however, this is usually not true for problems in bioinformatics. Complex and 

expensive data acquisition processes limit the size of bioinformatics datasets. In addition, such 

processes often show significantly unequal class distributions, where an instance from one 

class is significantly higher than instances from other classes. For example in clinical or 

disease-related cases, there is inevitably less data from treatment groups than from the 

normal group. The former are also rarely disclosed to the public due to privacy restrictions 

and ethical requirements creating a further imbalance in available data. 
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Solutions to limited and imbalanced data can be divided into three major groups : data 

preprocessing, cost-sensitive learning and algorithmic modification. Data preprocessing 

typically provides a better dataset through sampling or basic feature extraction. Sampling 

methods balance the distribution of imbalanced data, and several approaches have been 

proposed, including informed under sampling, the synthetic minority oversampling technique, 

and cluster-based sampling. Although basic feature extraction methods deviate from the 

concept of deep learning, they are occasionally used to lessen the difficulties of learning from 

limited and imbalanced data. Research in bioinformatics using human designed features as 

input data such as PSSM from genomics sequences or wavelet energy from EEG signals can be 

understood in the same context.  

Cost-sensitive learning methods define different costs for misclassifying data examples 

from individual classes to solve the limited and imbalanced data problems. Cost sensitivity can 

be applied in an objective loss function of neural networks either explicitly or implicitly. For 

example, we can explicitly replace the objective loss function to reflect class imbalance or 

implicitly modify the learning rates according to data instance classes during training.  

Algorithmic modification methods accommodate learning algorithms to increase their 

suitability for limited and imbalanced data. A simple and effective approach is adoption of pre-

training. Unsupervised pre-training can be a great help to learn representation for each class 

and to produce more regularized results. In addition, transfer learning, which consists of pre-

training with sufficient data from similar but different domains and fine-tuning with real data, 

has great advantages. Bar et al. [9] performed transfer learning using natural images from the 

ImageNet database as pre-training data and fine-tuned with chest X-ray images to identify 

chest pathologies and to classify healthy and abnormal images. In addition to pre-training, 

sophisticated training methods have also been executed.  

 
Selection of an Appropriate Deep Learning Architecture and Hyper Parameters 

Choosing the appropriate deep learning architecture is crucial to proper applications of 

deep learning. To obtain robust and reliable results, awareness of the capabilities of each deep 

learning architecture and selection according to capabilities in addition to input data 

characteristics and research objectives are essential. However, to date, the advantages of each 

architecture are only roughly understood; for example, DNNs are suitable for analysis of 

internal correlations in high-dimensional data, CNNs are suitable for analysis of spatial 

information, and RNNs are suitable for analysis of sequential information. Indeed, a detailed 

methodology for selecting the most appropriate or “best fit” deep learning architecture 

remains a challenge to be studied in the future.  

Even once a deep learning architecture is selected, there are many hyper parameters—the 

number of layers, the number of hidden units, weight initialization values, learning iterations, 

and even the learning rate for researchers to set, all of which can influence the results 

remarkably. For many years, hyper parameter tuning was rarely systematic and left up to 

human machine learning experts. Nevertheless, automation of machine learning research, 
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which aims to automatically optimize hyper parameters is growing constantly. A few 

algorithms have been proposed including sequential model based global optimization], 

Bayesian optimization with Gaussian process priors, and random search approaches. 

Multimodal deep learning  

Multimodal deep learning, which exploits information from multiple input sources, is a 

promising avenue for the future of deep learning research. In particular, bioinformatics is 

expected to benefit greatly, as it is a field where various types of data can be assimilated 

naturally. For example, not only are omics data, images, signals, drug responses, and electronic 

medical records available as input data, but X-ray, CT, MRI, and PET forms are also available 

from a single image.  

Accelerating deep learning  

As more deep learning model parameters and training data become available, better 

learning performances can be achieved. However, at the same time, this inevitably leads to a 

drastic increase in training time, emphasizing the necessity for accelerated deep learning.  

Approaches to accelerating deep learning can be divided into three groups: advanced 

optimization algorithms, parallel and distributed computing, and specialized hardware. Since 

the main reason for long training times is that parameter optimization through plain SGD 

takes too long, several studies have focused on advanced optimization algorithms. To this end, 

some widely employed algorithms include batch normalization, and Hessian-free optimization. 

Parallel and distributed computing can significantly accelerate the time to completion and 

have enabled many deep learning studies. These approaches exploit both scale-up methods, 

which use a graphic processing unit, and scale-out methods, which use large-scale clusters of 

machines in a distributed environment. A few deep learning frameworks, including the 

recently released DeepSpark and TensorFlow provide parallel and distributed computing 

abilities. Currently, field programmable gate array based processors are under development, 

and neuromorphic chips modeled from the brain are greatly anticipated as promising 

technologies. 

 
Conclusion 

In big data, deep learning is taking center stage for international academic and business 

interests. In bioinformatics, where great advances have been made with conventional machine 

learning, deep learning is anticipated to produce promising results. An extensive review of 

bioinformatics research applying deep learning in terms of input data, research objectives, and 

the characteristics of established deep learning architectures are provided.  

Although deep learning holds promise, it is not a silver bullet and cannot provide great 

results in ad hoc bioinformatics applications. There remain many potential challenges, 

including limited or imbalanced data, interpretation of deep learning results, and selection of 

an appropriate architecture and hyper parameters. This paper will provide valuable insight 

and serve as a starting point for application of deep learning to advance bioinformatics in 

future research. 
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Abstract 

 Deep Packet Inspection (DPI) is a network packet filtering used to inspect data packets sent from one computer to 
another over a network. It’s searching for protocol non-compliance, viruses, spam, intrusions or predefined criteria to 
decide if the packet can pass different destination, or for the purpose of collecting statistical information. DPI is next-
generation technology that's capable of inspecting every byte of every packet that passes through the DPI device, that means 
packet headers, types of applications, and actual packet content. Up until now, this wasn't possible with IDS/IPS systems or 
stateful firewalls. The difference being, DPI has the ability to inspect traffic at layers 2 through 7, hence the "deep" in DPI. 
DPI enables a range of network services including network optimization, flow inspection, data flow management, security 
and application monitoring. 

Keywords: Deep Packet Inspection, Network. 

 
Introduction  

Today’s Internet is not in a secure place and  hackers breath in  network  traffic and 

expend considerable resources on attacking user’s computers, fake phishing activities are on 

the rise, and worms and viruses cause service disturbance with huge economic impact. 

Counter-intuitively, recent increases in network bandwidth and computing performance make 

things even of inferior quality such increases allow malicious attacks to spread even faster. 

The recently introduced Slammer worm is one of the fastest spreading computer worms in 

history, infecting more than one lake hosts within 5 minutes.  

Slammer exploits two “buffer overflow” security holes in Microsoft SQL Server 2000 to 

infect susceptible hosts. The infected hosts launch rejection of Service (DoS) attacks that 

dramatically slow normal Internet traffic. It caused around 1.2 billion USD of damage 

worldwide within its first five days of operation.  

Traditional mechanisms to fight against these fast spreading worms rely on passive 

defense schemes. Unfortunately, these are often ill-coordinated stop-gap measures, for 

example, by forcing end-users to patch their systems regularly and updating antivirus 

software and firewall with latest virus patterns. These end-host based approaches have 

drawbacks such as slow response to new virus threats, high maintenance cost, significant 

reliance on human effort, and a disruptive update process.  

Thus, a more effective approach against rapid worm spread is to stop worm propagation in 

the network before contaminated packets reach a significant number of end users. However, 

performing in-network packet inspection is not an easy task. To achieve this, a deep packet 

inspection technique is needed that scans the packet payloads to analyze the meaning and 
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purpose of the network traffic to distinguish malicious packets from normal packets. These 

inspection techniques are not only useful for detecting and filtering packets containing worm 

signatures but are also required by other newly emerging edge network services.  

Unfortunately, this in-network deep packet inspection ability is not currently supported by 

routers and switches. In the current Internet, most of this kind of processing is restricted to 

the packet header, rather than the full packet content. It is hard to provide deep packet 

inspection functionalities in the routers that run at the high line rates required of today’s 

Internet due to the complexity of deep packet inspection systems.   

The goal of this article is to address these challenges and bring the high-speed deep packet 

inspection techniques to the network. To keep up with packet processing in existing high-

speed networks, a new technique called parallel high-speed deep packet inspection is 

proposed.    

This method working nature of the data security. The review represents security issues 

over network doing data transmission. This official addresses of a review of various DPI 

methods. Dpi is used different algorithm methods, that is 

 Bloom filters Algorithm. 

 Parallel Bloom filters Algorithm. 

 Aho- Corasick string matching Algorithm. 

 Elastic DPI. 

 CAM. 

 Snort algorithm. 

 Multi match algorithm with Tcam. 

 
Bloom Filter Algoruthm 

A Bloom Filter is a data structure that can be used to represent a set of elements. One can 

first add elements of a set to the structure. Later on, the structure can be queried for the 

membership of elements. This compact representation is the payoff for allowing a small rate of 

false positives in membership queries; that is, queries might incorrectly recognize an element 

as member of the set.  [1][2] 

 
Advantages 

 Web cache sharing. 

 Fast membership checking. 

 The Ocean Store. 

 Low storage requirement. 
 
Disadvantage 

 Slow one. 

 User abused the system. 

 Most of the server not hosted within the actual country. 
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Parallel Bloom filters Algorithm 

Bloom filters are not entirely suitable for many new network applications that support 

network services like the representation and querying of items that have multiple attributes as 

opposed to a single attribute. A parallel Bloom filter is a data structure that stores a set of 

signatures compactly by computing multiple hash functions on each member of the set. This 

technique queries a database of strings to check for the membership of a particular string. The 

answer to this query can be false positive but never a false negative.[3] 
 

Advantages 

 Compact representation of a differential file.   

 Free text searching  

 Web cache sharing  

 Query filtering and routing  

 The Ocean Store  
 

Disadvantages 

 Slow one 

 User abused the system 
 

Aho- Corasick string matching Algorithm  

The Aho–Corasick algorithm is a  string matching algorithm. It is a kind of dictionary-

matching algorithm that locates elements of a finite set of strings within an input text. It 

matches all patterns simultaneously. This locates all the occurrence of set of patterns in a text 

of string. It first creates deterministic finite automata for all the predefined patterns and then 

by using automaton, it processes a text in a single pass. It Consists of constructing a finite state 

pattern matching automata from the patterns and then using the pattern matching automata 

to process the text string in a single pass.[7] 
 

Advantages 

 String searching algorithm. 

 Text compression. 

 Time complexity. 

 Number of patterns 

Disadvantage 

 Number of output matching. 

 High memory cost required to store.[10] 

 
Elastic DPI 

Elastic DPI (EDPI). Next-generation firewalls (which include intrusion-detection and -

prevention systems) usually consist of two main architectural components. 

 

https://en.wikipedia.org/wiki/String_searching_algorithm
https://en.wikipedia.org/wiki/String_searching_algorithm
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1. Sensors 

2. Aggregators and correlates 

Which take input from many sensors, assembling a broader picture of a threat. There may 

be multiple levels of aggregation or correlation, each feeding upwards to a more general level 

that eventually signals an alarm or threat. Throughout this article, which focuses on DPI 

sensors. [6] 

 
Advantages 

 Software defined networking, cloud computing, and in-house virtual machine servers 

means that network traffic may be in a virtual network.  

 Fine-grained rule updates. Current DPI offerings can make rapid rule updates as network 

administrators discover problems 

 Mobile DPI 

 
Disadvantages 

 On-demand construction 

 Startup costs 

 Processing costs 

 Restricting memory 

 
CAM (Content Addressable Memory) 

CAM stands for Content Addressable Memory which is a special type of memory used by 

Cisco switches. In the case of ordinary RAM the IOS uses a memory address to get the data 

stored at this memory location, while with CAM the IOS does the inverse. It uses the data and 

the CAM returns the address where the data is stored. Also the CAM is considered to be faster 

than the RAM since the CAM searches the entire memory in one operation. 

CAM tables provide only two results: 0 (true) or 1 (false). CAM is most useful for building 

tables that search on exact matches such as MAC address tables. The CAM table is the primary 

table used to make Layer 2 forwarding decisions. In the case of Layer 2 switching tables, the 

switch must find an exact match to a destination MAC address or the switch floods the packet 

out all ports in the VLAN.[9,12] 

Advantages 

 In large-scale production, the results are consistent      (always the same). 

 Enables very high accuracy levels in large-scale production. 

 Usually speeds up production of low-volume  products. 

Disadvantages 

 The software itself is expensive so initial costs are high. 

 Can be slower than traditional methods for one-off or low-volume production. 

 Staff needs to be trained how to use the software and machinery, which adds to costs. 
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Snort 

Snort is a lightweight intrusion detection system that can log packets coming across your 

network. This program can be used on smaller networks but on larger ones, with Gigabit 

Ethernet, snort can become unreliable. Snort doesn't require that you recompile your kernel 

or add any software or hardware to existing distribution but it does require that you have root 

privileges.  

Advantages 

 Snort is a very flexible application.  

 Snort can be a powerful tool in a defense/security in depth implementation.  

 Snort also has a large following and according to the Snort web site  

 Snort is the effectively standard in intrusion detection systems.  

Disadvantages 

 Misuse detection – avoid known intrusions 

 Rules database is larger and larger 

 It continues to grow 

 Snort spends 80% work time to do string match 

 Anomaly detection – identify new attacks 

 Probability of detection is low. 

 
TCAM (Ternary Content Addressable Memory) 

TCAM stands for Ternary Content Addressable Memory which can match a third state, 

which is any value. This makes TCAM a very important component of Cisco Layer 3 switches 

and modern routers, since they can store their routing table in the TCAMs, allowing for very 

fast lookups, which is considerably better than routing tables stored in ordinary RAM. TCAM is 

a specialized CAM designed for rapid table lookups. 

TCAM provides three results: 0, 1, and "don't care." TCAM is most useful for building tables 

for searching on longest matches such as IP routing tables organized by IP prefixes. The TCAM 

table stores ACL, QoS and other information generally associated with upper-layer processing. 

As a result of using TCAM, applying ACLs does not affect the performance of the switch.[5,6,9] 

Advantages 

 Deterministic Search Throughput—O(1) search 

 Can be faster then traditional methods 

 Provide 3 results 

Disadvantages 

 Cost 

 Power consumption[11] 
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Table.1 Merits and Demerits of Algorithms 
S.No Method Merits Demerits 

1 Bloom filters 
Algorithm 

 

 Web cache sharing  
 Fast membership checking 
 The Ocean Store. 
 Low storage requirement. 

 Slow one 
 User abused the system. 
 Most of the server not hosted 

within the  actual country 

2 Parallel Bloom 
filters 

 

 Compact representation of a 
differential file.   

 Free text searching. 
 Web cache sharing. 
 Query filtering and routing. 
 The Ocean Store. 
 Updated bloom filter 

 Slow one 
 User abused the system 

3 The Aho-Corasick 
algorithm 

 

 String searching algorithm. 
 Text compression. 
 Time complexity. 
 Number of patterns. 

 Number of output matching 
high memory cost required to 
store. 

4 Elastic DPI  Virtualization. 
 Mobile DPI. 
 Fast update 

 

 On-demand construction. 
 Startup costs. 
 Processing costs. 
 Restricting memory. 

5 Snort  Very flexible. 
 Powerful. 
 Large following and according to 

the Snort web site. 
 Effectively standard. 

 Misuse detection – avoid known 
intrusions. 

 Rules database is larger and 
larger 

 It continues to grow. 
 Snort spends 80% work time to 

do string 

    match. 
 Anomaly detection – identify new 

attacks. 
 Probability of detection is low. 

6 CAM  In large-scale production. 
 Very high accuracy. 
 Usually speeds up production of 

low-volume products. 

 More expensive 
 Can be slower than traditional 

methods. 
 Staff needs to be trained. 

7 TCAM  Deterministic Search 
Throughput—O(1) search. 

 Can be faster then traditional 
methods. 

 Provide 3 results. 

 High cost. 
 Power consumption 

1)  

This article represents the detailed analysis of above state method in terms of strength & 

weakness and to suggest the direction of the new way by the way of introducing methodology 

in the form of proposed for further research.   
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Abstract 

To facilitate a recommendation to users for choosing Associate in Nursing applicable or acknowledged internet service 
from mass of services by avoiding dishonest recommendation. To prevent, avoid and notice the malicious feedback rating. 
giant scale feedback ratings ar analyzed to validate the quantifiability of planned approach. Service users provides 
feedback ratings, that wont to calculate name of internet service within the field of service computing. The malicious 
ratings and user’s preferences constitutes either positive bias or negative bias. A completely unique name live for internet 
services planned during this paper. The planned technique works in 2 phases. they're malicious rating detection and rating 
adjustment. The 2 phases are live wont to enhance the name measure accuracy. The planned system detects malicious 
feedback ratings by victimisation accumulative add technique and reduces the result of user feedback preferences by 
Pearson correlation. The planned technique is enforced on varied experiments. Experimental results show that planned 
technique is effectively wont to enhance the reliableness of service choice. The exists of vulnerability of malicious feedback 
rating within the system of recommending acknowledged internet services supported the feedback rating from users on 
every internet service. Such vulnerability is detected, reduced and prevented victimisation accumulative add management 
Chart, Pearson correlation, and Bloom filtering techniques severally. 

Keywords: Web service recommendation system, feedback rating, Cumulative Sum Control Chart, Pearson Correlation 

Coefficient. 

 
Introduction  

Web service recommendation systems can facilitate service users to search out the right 

service from the huge vary of accessible web services. Avoiding recommending dishonest or 

failing services could also be a basic analysis downside among the fashion of web service 

recommendation systems. Name of web services could also be a widely-employed metric that 

determines whether or not or not the service got to be endorsed to a user. The service name 

score is usually calculated exploitation feedback ratings provided by users. tho' the name live 

of web service has been studied among the recent literature, existing malicious and subjective 

user feedback ratings sometimes end in a bias that degrades the performance of the service 

recommendation system. 

To give precise infamy estimation to internet administration suggestion, some putting 

infamy estimation plans are planned. Conner et al. planned a infamy primarily based trust 

administration structure that backings the union of trust-related criticism appraisals from 

varied administrations that square measure expedited inside a base. The centre of the system 

could be a trust management system. In existing criticism calculation model, got from the 

anticipation disconfirmation hypothesis from sector science, was used to make AN input from 

administration utility and expense, and then a infamy determination model had likewise been 

planned to total criticisms into a infamy esteem that higher mirrors the conduct of the 

administration at alternative time. 

To start with, it's troublesome to ensure the virtue of consumer criticism evaluations as a 

result of the presence of malignant shoppers. Malevolent shoppers might provide malignant 

input evaluations to influence the estimation results for business advantage. In open 
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administration things, there are not any loosely used consumer confirmation instruments. 

Taking AN interest shoppers square measure usually spoken to by AN alias. In such 

surroundings, a unprecedented risk originates from Sybil assaults. This assault permits a 

solitary malevolent consumer to be spoken to by a self-assertive range of designed shoppers. 

Henceforth, vesicant shoppers will begin a surge of malevolent input appraisals to subvert the 

infamy arrangement of internet administrations. Second, past methodologies neglect to ensure 

the accuracy of input evaluations. there's a considerable assortment of shoppers on the web. 

shoppers have various input rating designs. Distinctive shoppers often provide various 

criticism appraisals to a similar administration. For a infamy system to be cheap and objective, 

it's crucial to quantify infamy on the premise of cheap and target criticism appraisals. 

 
Related Work 

The infamy speaks to a combination read of the shoppers within the cluster around an 

online profit, that is, the infamy of a given administration is a combination criticism rating of 

the shoppers that have interfaced with or used the administration as a locality of the past. 

Criticism rating is that the impression of each shopper concerning conjured administrations. It 

can be a solitary quality speaking a general observation or a vector chatting with a price for 

each Qos characteristic of an online administration, for instance, a latent period, responsibility, 

and accessibility. Fig. one shows what happens once a shopper sends AN administration 

solicitation to the proposal framework. With a Service Level Agreement (SLA) between a 

shopper and an administration provider, the shopper chooses an online profit that satisfies his 

Qos conditions and subsequently summons the administration. Once the administration is 

spent, the shopper reports a criticism rating for the administration with relevance the 

execution of the online administration. 

At long last, the recommendation framework gathers the input rating and alternative 

criticism evaluations from totally different shoppers with a knowledge Collector, figures the 

infamy (scores), redesigns these scores in a very Qos archive, and offers the scores once 

prescribing administrations to the shopper. Our projected estimation approach for the 

foremost half contains 2 stages, i.e., a pernicious input rating location and a criticism rating 

modification. The primary stage includes distinctive vesicatory criticism evaluations gathered 

by a knowledge Collector utilizing the additive add management Chart (called CUSUM). The 

second stage includes registering the criticism similitude of numerous shoppers utilizing the 

Pearson parametric statistic to vary the input evaluations. At last, the Repository stores the 

infamy measured scores and offers the scores once asked for by the suggestion frame. 

 
Framework of feedback rating 

A QoS prediction framework, referred to as WSPred, is planned to supply time aware 

customized QoS price prediction for various service users. QoS performance of services is very 

associated with the service standing and network environments that area unit variable against 
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the clock. an area primarily based cooperative filtering approach is given  to predict unknown 

values for QoS primarily based service choice. 

 last, some CF primarily based service recommendation approaches utilized the matrix 

factorisation theory to enhance the accuracy of QoS prediction. A hybrid service 

recommendation approach is given by combining cooperative filtering with content primarily 

based options of net services. This approach exploited each rating knowledge and content 

knowledge of services employing a 3 approach side model. In their work, user interests area 

unit drawn by a collection of latent variables, that is developed offline. However, QoS 

preferences of users aren't thought of in these works. Although, existing solutions has 

explored the potency and lustiness of name live approaches, most of them suffer from sure 

weaknesses. Firstly, it's tough to confirm the purity of feedback ratings attributable to existing 

malicious service users. Malicious service users may offer some malicious feedbacks to have 

an effect on the live results for industrial edges. Secondly, previous approaches fail to confirm 

the accuracy of feedback ratings. There's an oversized form of service users on the web and 

these service users will categorical their preferences over 

Quality of Service (QoS) attributes of services. The user 

ratings area unit usually subject to service users 

preferences. As some service users area unit conservative 

(provide low feedback ratings on varied net services), 

whereas some others is also aggressive or neutral. Hence, 

totally service United Statuses usually provide different 

ratings to identical us male erectile dysfunction service. 

A novel name live methodology is planned for net 

services that add 2 Phases. These area unit malicious 

rating detection and rating adjustment. the 2 phases are 

accustomed enhance the name measure accuracy. The 

planned system detects malicious feedback ratings by 

victimization additive add methodology and reduces the 

impact of user feedback preferences by Pearson 

correlation. The limitation with this approach is that solely feedback ratings area unit born as 

a result of they cause malicious ratings. There exist varied shortcomings in existing 

approaches of name assessment. name assessment at QoS parameter level needs that every 

QoS parameters ought to be monitored and caterpillar-tracked dynamically as a result of its 

dynamic nature. Also, most of the approaches area unit totally place confidence in users’ 

feedback. as a result of completely different talents and intentions of users, it's tough to 

confirm the accuracy and dependability of users’ feedback. so as to beat these limitations, a 

unique name computation approach is planned for accurately measure the name of net 

services. The planned methodology uses 3 phases like, feedback knowledge collector, 

malicious rating detection and name computation for up the name computation accuracy. A 

framework is additionally planned to observe the malicious feedback rating and confirm the 

correct service name for reliable service choice. 
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Methodology  

Malicious rating detection  

A special threat to the name live of web services comes from malicious feedback ratings 

like Sybil attacks. Hence, malicious feedback ratings ought to be thought-about in name only 

measurements of web services. Below ancient things, each user selects a recommended web 

service, invokes it with associate expected QoS, and ends with a feedback rating. Once 

malicious users attack the name system, there unit of measurement extra feedback ratings 

than identical recent state of affairs (an example of the malicious feedback ratings is shown 

among the appendix). Therefore, below abnormal things, there would be extra malicious 

feedback ratings than benign feedback ratings throughout a sampling interval. In smart 

applications, the name system of web services can become invalid with mass malicious 

feedback ratings. Consequently, the name system is unable to reply to user recommendation 

wants effectively. Hence, our aim is to acknowledge attacks by investigation associate 

imbalance among the feedback rating flow for associate abnormal shift among the positive or 

negative direction. 

When malicious users attack the name system, there square measure a lot of feedback 

ratings than the standard state of affairs. The name system of internet services will become 

invalid with mass malicious feedback ratings. Consequently, the name system is unable to 

reply to user recommendation needs effectively. Let the every feedback ratings within the 

ordinal sample interval be xn and mean rate estimate is mn then the detection mechanism is 

diagrammatic as 

Xn=xn–mn  

If Xn value is greater than the mean rate it is consider as service positive feedback and if it 

is less than mean rate it is consider as negative feedback. Then negative feedback ratings are 

dropped because they cause malicious ratings. 

 
Malicious Rating adjustment  

The similarity measurement between user A and user U is computed by using the Pearson 

Correlation Coefficient (PCC) based on common rated web services Sim (a, u). The 

measurement of similarity reduced the effect of user feedback preferences.  

 
Malicious Rating prevention  

The proposed scheme prevented the malicious feedback ratings before it reaches QoS 

repository of service brokers. The performance of the recommendation system is enhanced by 

using prevention mechanism. The IP address identification with feedback and filtering process 

is the basic idea of prevention module. A standard Bloom filter is used to prevent the 

anomalous has to adjust their mean values of feedback ratings. Bloom filter technique is used 

to block the IP address. 

The key of the avoidance is to distinguish the IP address-es that are connected with 

pernicious input evaluations, and afterward illuminate the administration specialist to square 
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malevolent clients from rating these Web administrations. Subsequently, our proposed 

anticipation plan contains two stages, i.e., initiating stage and blocking stage. In the enacting 

stage, the first venture to execute a Bloom filter is introducing the accompanying parameters: 

the upper bound on false match likelihood of the Bloom filter, the filter size m of the Bloom 

filter, and the quantity of hash capacities k of the Bloom filter. The second step is to distinguish 

a noxious input rating IP location set S = mrip1,mrip2,...,mripn with n things.  

It will first demonstrate how a Bloom filter is spoken to through a progression of thing 

insertion operations. Calculation 1 incorporates the insights in regards to the methodology of 

the actuating aversion operation. It is pass that when malignant input appraisals are 

recognized in the i-th test interim by utilizing the CUSUM calculation the set S gathers IP 

locations of criticism evaluations in the specimen interim. Since assailants regularly give 

noxious criticism appraisals in a short time, we accept that S can gather all pernicious IPs. The 

final step is to utilize k autonomous hash capacities h1,h2,...,hk to guide every thing of S to the 

bit vector 1,...,m consistently. In the wake of attaining to the Bloom filter, the blocking stage 

begins to run from the (i + 1)-th test interim to the n-th sampler interim when fi ≥ h in the i-th 

test interim. It can piece vindictive input appraisals by checking IP locations in light of the 

Bloom filter. 

 
Conclusion  

The service name score is typically calculated exploitation feedback ratings provided by 

users. Though the name mensuration of internet service has been studied within the recent 

literature, existing malicious and subjective user feedback ratings typically result in a bias that 

degrades the performance of the service recommendation system. During this paper a 

completely unique name mensuration approach for internet service recommendations is 

possessed. The planned name mensuration approach utilizes malicious feedback rating 

detection and feedback similarity computation to live the name of internet services. The 

potency of our planned approach is evaluated and valid by the theoretical analysis and in 

depth experiments. Through the experimental results we tend to show that our planned 

approach will accomplish a trust worthy name mensuration of internet services and greatly 

improve the service recommendation method. 

The planned interference theme will determine the information science addresses with the 

violative feedback ratings and block them employing a normal Bloom filter. The theoretical 

analysis indicates the potency of the planned interference theme in block malicious feedback 

ratings among the net service recommendation system. Our on-going analysis includes work 

the parameters of sampling interval in keeping with the quantity of feedback ratings, the 

quantity of sampling, length and cupboard space, and constructing a standard malicious 

feedback rating interference theme for internet service recommendation systems. 
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Abstract 

Opportunistic information forwarding has drawn a lot of attention within the analysis community of multihop 
wireless networking, with most analysis conducted for stationary wireless networks. one among the explanations why 
expedient information forwarding has not been wide used in mobile unexpected networks (MANETs) is that the lack of 
Associate in Nursing economical light-weight proactive routing theme with sturdy supply routing capability. during this 
paper, we tend to propose a light-weight proactive supply routing (PSR) protocol. PSR will maintain a lot of configuration 
info than distance vector (DV) routing to facilitate supply routing, though it's a lot of smaller overhead than ancient DV-
based protocols [e.g., destination-sequenced DV (DSDV)], link state (LS)-based routing [e.g., optimized link state routing 
(OLSR)], and reactive supply routing [e.g., dynamic supply routing (DSR)]. Our tests exploitation model in Network 
machine a pair of (ns-2) indicate that the overhead in PSR is barely a fraction of the overhead of those baseline protocols, 
and PSR yields similar or higher information transportation performance than these baseline protocols. 

Keywords: Mobile Ad-Hoc Network(MANETs), Opportunistic Data Forwarding, Proactive Routing, Routing Overhead 

Control, Source Routing, Breadth First Search Spanning Tree(BFST), Differential Update, Tree-Based Routing. 

 
Introduction 

A mobile spontanepous network (MANET) may be a wireless communication network, 

wherever nodes that don't seem to be at intervals the transmission mechanism vary of every 

alternative need alternative nodes to forward knowledge. It will operate while not existing 

infrastructure and support mobile users, and it falls underneath the final scope of multihop 

wireless networking. This networking paradigm originated from the wants in piece of ground 

communications, emergency operations, search and rescue, and disaster relief operations. it's 

additional recently been used for civilian applications like community networks. an excellent 

deal of analysis results are printed since its period within the Eighties. the foremost salient 

analysis challenges during this space embrace end-to-end knowledge transfer, link access 

management, security, and providing support for period transmission streaming. 

The proliferation of mobile computing and communication devices (e.g., cell phones, 

laptops wearable computers, personnel digital assistants, digital devices) is driving a 

revolutionary. Mobile users will use their mobile phone to browse over web, to envision e-

mail, travelers will surf the web with moveable computers from airports, railway stations, 

Starbucks and alternative public locations; travellers will use world Positioning System (GPS) 

terminals put in within rental cars to find driving maps and tourist attractions, researchers 

will exchange files and alternative info by connecting moveable computers via wireless LANs 

whereas attending conferences from home, users will synchronize the information and 

therefore the may transfer moveable devices and desktops anyplace. Not solely square 

measure mobile devices square measure compact, cheaper in market, additional convenient to 

use, and square measure additional powerful. They will conjointly run additional applications 

and network services, usually results in the expansion of mobile computing instrumentation 

market. 
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The network layer has received an excellent deal of attention within the analysis on 

MANETs. As a result, thick routing protocols during this network with differing objectives and 

for numerous specific wants are planned. Knowledge forwarding regulates however packets 

square measure taken from one link and placed on another. Routing determines what path a 

knowledge packet ought to follow from the supply node to the destination. The latter primarily 

provides the previous with management input. Despite the quantity of effort in routing in 

spontaneous networks, knowledge forwarding, in distinction, follows constant paradigm as in 

web Protocol (IP) forwarding within the web. Science forwarding was originally designed for 

multihop wired networks, wherever one packet transmission is solely received by nodes 

hooked up to constant cable. 

 
Literature Survey 

The lack of a hard and fast infrastructure in unintentional networks implies that any 

computation on the network has to be meted out while not a centralized management. several 

of the necessary issues in unintentional networking is viewed as issues in distributed 

computing during this section, we have a tendency to survey numerous aspects of the analysis 

on networking protocols, i.e., location service, routing and information forwarding, and 

Transmission management Protocol (TCP). For unintentional networks, proactive routing 

protocols follow the DV or LS paradigm and commit to keep routing data for all the nodes up 

thus far, e.g., OLSR, DSDV. Once the topology of a commercial hoc network is underneath 

constant flux, however, LS generates sizable amount of link state changes, whereas DV suffers 

from out dated state. The growing size of the network and also the nodes quality square 

measure 2 hurdles within the style of scalable routing protocols. 

In distinction to proactive algorithms, reactive routing protocols cache topological data 

and update the cached data on-demand. Reactive protocols avoid the preventative price of 

routing data maintenance of proactive protocols, and have a tendency to figure well in apply. 

whereas the concept of aggressive caching and occasional update ends up in smart average 

performance, the worst-case latency can be high. samples of reactive protocols square 

measure Dynamic supply Routing (DSR), Ad-hoc On-Demand Distance Vector Routing (AODV). 

ExOR, associate integrated routing and waterproof technique that realizes a number of the 

gains of cooperative diversity on customary radio hardware like 802.11.ExOR broadcasts 

every packet, choosing the simplest forwarder to forward solely once learning the set of nodes 

that really received the packet. 

In the co operative diversity schemes, delaying forwarding selections till or once the 

reception permits ExOR to do multiple long however radio lossy links at the same time, results 

in high expected progress per transmission. But, in contrast to cooperative ways, ExOR uses 

solely one node to forward every packet, so ExOR works with existing radios. the most 

drawback in realizing ExOR is guaranteeing that solely the “best” receiver of every packet 

forwards it, so as to avoid duplication. Ex-OR operates on batches of packets so as to scale back 

the communication price of agreement. 
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The supply node includes in every packet a listing of candidate forwarder prioritized by 

closeness to the destination. Supported the list, the receiving nodes with success receive 

packets and save them in its buffer. Afterward every node waits for the batch to be completed. 

The forwarder that has the best priority then broadcasts the packets gift in its buffer, as well 

as its copy of the “batch map” in every packet. The batch map contains the best priority node 

from the sender’s perspective to possess received every packet. The opposite forwarders 

within the list then transmit packets within the priority order, however they will send solely 

packets that don't seem to be acknowledged within the batch maps of upper priority nodes. 

The forwarders tries range of iterations to send packets through the priority list till the 

destination has ninetieth of the packets. 

The remaining packets square measure transferred with ancient routing mechanism. The 

Dynamic supply Routing protocol, DSR permits the network to be utterly infrastructure less, 

self-organizing and self configuring network. The DSR protocol permits nodes to dynamically 

discover a supply route across multiple network hops to any destination within the 

unintentional network. throughout the transmission every information packet that is 

forwarded carries the entire path as prioritized list of nodes by that the packet should 

experience. It permits supply routing to be loop free and avoid the intermediate nodes to 

possess updated route data. By inserting the attainable supply route to the header of every 

information packet, alternative nodes (either forwarding or not) overhearing all or any of 

those packets can even simply get this routing data and store them for future use. 

Proposed Methodology 

Proactive Routing Protocol 

The planned protocol uses the tree structure to scale back the communication overhead. 

initially the tree structure is flooded among all the nodes in network. Once a neighbor receives 

updated info it constructs Depth paw Spanning Tree (DFST) itself and obtains the most 

effective route to transfer the information from supply to destination. It maintains a Spanning 

Tree among all dedicated nodes to dispense vulnerable knowledge conveyance pleasantness. 

Nodes at the same time disperse tree structure knowledge to the most effective of its 

apprehension. supported the knowledge accumulated from its connected nodes, a node will 

inflate its horizon of apprehension. Then these apprehensions (knowledge) will trade- off 

among all the connected nodes in succeeding iteration. At beginning, the supply node 

conversant in existence of neighbor by perceptive to their howdy electronic communication 

Packet. The communication overhead is reduced, as a result of unmoving tree is reworked into 

binary tree of equal size. In every cycle, the nodes disperse update message to delineate the 

changes in domestically hold on Depth initial spanning tree. Once message received it removes 

the sides and makes use of it to reconstruct the new DFST. The unapproachable nodes even be 

cut off, then it repairs the route from supply to destination mistreatment the copy of DFST in 

each nodes within the network. The graph G with variety of nodes which incorporates supply S 

and destination D (i.e.) G(s, d, v, n), wherever s-source, d- destination, v- vertex and n- variety 

of nodes. 
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     Tree Structure 

Route Update 

The route update are going to be done 

victimization the tactic known as hop metrics. The 

metrics area unit evaluated at every and each node 

once Associate in nursing update is arrived. There’s 

some mathematical calculation for change the route 

in routing table of every node. If there's a lot of 

changes in hop can tremendously increase quality. 

This alteration can influence all the nodes within the 

network. Thus there would like a periodic update before packet is been changed between the 

nodes. It is calculable using: 

Where, hN and hP determines the new metrics between 

current or previous node and source node. TNp and TPp 

determine the last and previous updates periods respectively.  

Neighbourhood Trimming 

The sporadically broadcast routing messages in PSR conjointly double as “hello” messages 

for a node to spot that alternative nodes ar its neighbours. Once a neighbour is deemed lost, its 

contribution to the network property ought to be removed; this method is termed neighbour 

trimming. The procedure is triggered at v regarding neighbour u by either of the subsequent 2 

cases, 

a) When no routing update message, data packets has been received from this neighbour for 

a given period of time.  

b) A data transmission to the node has failed, which is given as the report by the link layer. 

Streamlined Differential Update 

In addition to soundtrack route updates as greeting messages in PSR, we tend to interleave 

the “full dump” routing messages, with “differential updates”. The essential plan is to send the 

total update messages less oftentimes than shorter messages containing the distinction 

between the present and former information of a node’s routing module. During this paper, we 

tend to additional contour the routing update in 2 new avenues. First, to fraction the scale of 

those messages, a compact tree illustration in fulldump and differential update messages is 

employed. Second, each node associate attempt tries to take care of an updated BFST because 

the network changes in order that the differential update messages area unit even shorter. 

Conclusion 

A fresh economical Protocol theme referred to as economical Proactive supply Routing 

Protocol is planned so as to cut back the Overhead to a fraction quantity and improve the low 

Packet Delivery quantitative relation with high quality Nodes. We have a tendency to 

elucidated a replacement multipath Route Discover algorithmic rule for dominant the 

overhead just in case of transmission link breakage. It’s shown that this algorithmic rule will 

work well throughout frequent topological changes within the network. The loop detection 
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theme accustomed avoid the time loops and discards the stale routing info if any. the opposite 

theme helped to enhance the Packet Delivery quantitative relation is Interval theme and Route 

Update theme that select solely the signal strengthen node to taste the packet and conjointly 

determine the optimized path to deliver the packet to its destination.  

This theme improved the Packet Delivery quantitative relation. Since the communication is 

born attributable to the transmission link breakage. The most attribute that causes the most 

important packet drop is attributable to huge info drop within the nodes to transmit the 

packet. To cut back this disadvantage, the Binary tree structure is maintained to optimize the 

knowledge to a really little one. This helped to cut back the pause time and conjointly TRM 

thereby reduces the End-to-End Delay and conjointly will increase the turnout. On the premise 

of simulated result, it's all over the New economical Proactive supply Routing Protocol (EPSR) 

performs well in Overhead Reduction and rising the Packet Delivery quantitative relation. 
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Abstract 

Application of bioinformatics is the science of informatics to molecular biology. Informatics deals with information 
science, computer science, mathematics. The BLAST is introducing the searching material tool, which is based on the hash 
lookup and also the subsequent extension of their matching regions without any gaps in the pattern.The successful story of 
PSI–BLAST rests on its own ability to come together for the searching results with an statistically to build it and applying 
for its profiles that will help to avoid the unrelated sequences. This is not an idea but it is appearing to work in a much 
more comfort area and automated way in PSI–BLAST compare to any other previous profile searching tools.48 
Keywords: Bioinformatics, BLAST. 

 
Introduction  

Bioinformatics is an wide application of science in informatics relevant to molecular 

biology. Informatics is the application of information science, computer science, mathematics, 

and their associated technologies to their discipline or domain. And finally, biomedical 

informatics is only the application of the science of informatics to its biology and health. 

Implications of bioinformatics cannot be more strongly than its contribution to do quickly 

completed first mapping of the human genome (Peter L. and Elkin  M. D.2003). BLAST suite for 

searching tools was introduced, and it is based on hash lookup and subsequent extension for 

there matches regions without any gaps. In advance, for the speed improvements, BLAST well 

also provided complete statistical evaluation results. Speed improvements for this both FASTA 

and BLAST have costing in sensitivity, but in many cases this is outweighed by its speed 

improvements (Roland Luethy C. and Christopher Hoover48H. 2004). 

Nucleic acid searches, the difficult issues are irrelevant because in the practice time most 

searching aim is to find very similar sequences. And for protein sequence searching, scientists 

were looking for harder to find the similarities which apply more sensitive methods using 

many sequences of protein family. When BLAST was established as the fast sequence 

searching tools, groups were began to explore there acceleration of this algorithm by using 

hardware options (Roland Luethy C. and Christopher Hoover48H. 2004). PSI-BLAST, it is a 

method for extending the sensitivity of BLAST in searching tool. With this PSI-BLAST, the 

initial results for the BLAST searching (the profile) were always repeated. The highly 

conserved regions from the initial BLAST searching tool were always used to generate new 

BLAST searching tools. The week conserved regions were received a zero score. The final 

resulting for each searching always used to refining the profile. This continues till a very low of 
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level E value were met. In PSI-BLAST, the upper level E value were used to identify the number 

of its  positive matches expected in their initial BLAST searching tool, and a lower level of E 

value were used to identify there number of false positive matches which is expected in there 

subsequent PSI-BLAST searching tools (David T. Jones and Mark B. 2003). This strategy can be 

identified even in a weak of homologies to entries in the database. The sequences should be 

globular proteins (which tend to use all 20 amino acids) which opposed to the trans 

membrane regions of the cells and signal peptides (which use only a limited set of amino 

acids)49(David T. Jones and Mark B. 2003). 

 
Methodology  

The newly sequenced genome is typically BLAST search which is against a database of an 

known genes. The similar sequences can have the same similar functions in a new individual. 

BLAST can be also used to identify coding regions of eukaryotes cells (Wu-chun Feng W. 

2001). 

Using Model of Blast 

The model of BLAST would be 

using in highly sequences annotation 

pipeline of the tools. Queries were 

predicted for the genes from the 

newly bacterial genome sequenced 

pattern, the lengths of the sequenced pattern were exponentially distributed with the mean 

value of 747.2. The Database is an GenBank database system, and whose sequence lengths 

were approximately distributing with an mean value of 1370 (David T. Jones and Mark B. 

2003). 

 
Blast Status (Research & Development) 

Several searching tools like mpiBLAST those who enhance and the optimizations have 

been implemented but they are not yet released, example is the efficient fragments 

distribution in this searching tool, GUI. (April 2003 to July 2003). Another Examples is 

UIUC/NCSA, Indiana U., UC-Berkeley, and plethora of pharmaceutical companies in many 

countries. Media were always interested in bioinformatics and information technology 

communities only (David T. Jones and Mark B. 2003). 

 
Example of Success 

PSI–BLAST, it was becomes the most possible searching tool to identify previous difficult cases 

like exfoliative toxin A from the Staphylococcus aureus, as they are a member of the try psin 

serine and proteinase super family group, even there sequence were identified near by 16%. 

There protein was targeting for there second Critical Assessment of their Structure Prediction 

experiment (CASP2), for which the proteins were likely to have their own three dimensional 

structure which is determined by the time of their meeting in their structures which is 

Search Name Query Type Data Type Translation 

BLASTn Nucleotide Nucleotide None 

tBLASTn Peptide Nucleotide Database 

BLASTx Nucleotide Peptide Query 

BLASTp Peptide Peptide Nome 

tBLASTx Nucleotide Nucleotide Query and Database 
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predicted by the time of various methods. Their results of these methods was analyzed to 

evaluating their strengths and also there weaknesses (Vath G.M. et al., 1997). 

 
Blast Impact 

With the help of only one optimization, that is the database segmentation and the 

mpiBLAST which reduce the searching time of  300KB query at a time on 5.1GB of nt database 

from the nearly from one day to eight minutes. The segmentation of the Database were 

coupled with the queries of their segmentation and loading balance will reduce the searching 

in few seconds (David T. Jones and Mark B. 2003). 

 
Blast Application  

Application will allows there user to easily specify the type of searching tool that is the 

genetic sequence to the nucleotide databases also amino acid sequences to protein databases 

and gene sequences to protein databases with translations and their map, and also amino acid 

sequences to nucleotide databases (notice that DNA ≥ RNA ≥ proteins). Then the users can 

easily specify that they want to search all databases which will takes longer time or more 

specific databases that is human genome ( Vath G.M. et al., 1997). User can also specify the E 

values and it is the number of wrong positive match and this are expected for the returned by 

alone their chances. This will allow the users to check their sensitivity and specificity. The 

Weighted results were based on statistically the algorithms will returned to the users (David 

T. Jones and Mark B. 2003). 

 
Conclusion  

Bioinformatics is an fast developing area which will brings the entire world of genomics 

and proteomics and which will be more closer to the clinical desktop. Bioinformatics has 

contributed many things to the rapid mapping system and to understand the human genome. 

Recent work in bioinformatics is to predicting researchers in proteomic investigations. 

Bioinformatics research is now giving more attention on simulations and modeling of the 

cellular and subcellular system and they are promise to improve our understanding of 

intracellular signaling system (Peter L. and Elkin M. D.2003). PSI-BLAST tools yielded an 

improvement in the secondary structure of prediction accuracy from the past 2 years. State art 

methods were reached high levels of prediction accuracy upto 76%. About 60% of all residues 

were predicted at the levels which is reaching the level of agreement between X-ray and NMR 

structures database. However, new ideas have also been shows the prediction accuracy 

improvement. An standard way to enhance the level of confidence in a particular prediction 

area is all about to look at the perfect results from many other prediction methods which was 

early used. This strategy was somewhat successful and has been taken to the perfection over 

many recent years. However, the best method is better than the average methods. (Rost et al., 

2000).50 
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Abstract 

 Multimedia includes a mixture of text, audio, still images, animation, video and interactivity content forms. 
Streaming multimedia content has become increasingly important because of the media content proliferation in many 
application areas, such as education, medical treatment, and entertainment. Although proxy caching has managed to 
deliver static text-based content, it has difficulties in providing streaming media contents due to two reasons. First, the size 
of a media object is much larger than a text-based object. Thus, caching entire media objects as static objects can quickly 
exhaust the proxy cache, making it infeasible. Second, the client requesting a media object demands continuous streaming 
delivery. A caching proxy server accelerates service requests by retrieving the content saved from a previous request made 
by the same client or even other clients. Thus perfect caching of the multimedia objects was necessitated to deliver the 
objects smoothly towards the user. The primary objective of this work is to reduce the latency perceived by the user while 
accessing the multimedia object online by employing proxy caching mechanism. The proposed mechanism namely the 
Fragment-Based Caching System allows sufficient cache replacement by providing finer granularity caching units namely 
fragments. The cache space management for streaming multimedia objects is based on the new decision parameter called 
Average-arrival- Time to Playback Rate (ATPR) ratio which takes into account the average user request arrival time and the 
ATPR, where ATPR is the Average request arrival rate to Playback rate Ratio of the objects. Due to the tremendous growth of 
the web, the caching technique is given particular attention to maintaining the QoS parameters such as network 
bandwidth, server load, delayed starts. 

 

Introduction 

 The growing number of web videos has influenced the development of different 

techniques for video delivery. The two separatemethods for sending stored video data from a 

server to a client are download-and-play and streaming. In case of the former, the video is 

transferred entirelyto the customer site before it is displayed. This results in significant space 

usage and long startup delay. Otherwise,certain client software allows the playback of video as 

soon as a certain amount of data is received from the server. Subsequently, the remaining 

portion of the video is retrieved while the playback is going on. This simultaneous playback 

and retrieval of data are termed as streaming. 

 Caching proxies keep local copies of frequently requested resources, allowing the 

organizations to significantly reduce their networkbandwidth usage and cost, while 

significantly increasing the performance. Although several caching schemes have been 

introduced, they have not been beneficial for multimedia objects. Therefore efficient 

mechanism for caching multimedia objects plays a vital role in serving the client request 

satisfactorily. Multimedia data is usually recorded and played, displayed or accessed by 

information content processing devices such as computers and other electronic devices. 

Streaming multimedia content has its application in many areas such as education, medical 

treatment, and entertainment. 
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Multimedia streaming involves the consumption of the multimedia data instantly while 

the data is being transferred. Caching effectively migrates copies of popular documents or 

multimedia objects from web servers closer to the web clients. A caching proxy server 

accelerates facility requests by recovering content saved from a preceding request made by 

the same client orother clients. World Wide Web (WWW) has changed the view of the user 

community to the network in respect to accessibility and user-friendliness. The Web or the 

Internet has enabled the user to look for and retrieve all kinds of information from the 

network without having any knowledge of the system.  

The request processing of the web client/server environment is given in Figure 1.1. 

The information like a video clip with sound effects claimed by the user can be served from a 

computer in the next room or from a different part of the world itself, of which the user is 

unaware. This leads to an enormous growth of traffic on the local, national and international 

network backbone. The use of the Web is growing exponentially such that the WWW traffic on 

the national and international networks will also increase exponentially with raising latency. 

The expectation of the user will be on the rise with an improvement in the quality of service 

along with modest response times. 

Figure 1.1 Web Client/Server Architecture 

The quality of service and the reaction times can 

be improved by decreasing the network load. One 

way to achieve this is to install a Web caching 

service. In general, Web client users see shorter 

delays when requesting a URL (Universal Resource 

Locator), along with network managers experiencing 

less traffic and Web servers experiencing lower application rates. A source Web server 

strength not only see lowerutilization rates but also experiences a lower server load because 

files will be fetched with an If-Modified-Since GET HTTP request. 

Web clients request documents from Web servers either directly or through a Web 

cache server or a web proxy. A Web cache server has the similar functionality as a Web server 

when seen from the client and the same functionality as a customer when seen from a Web 

server.Caching is used in two forms on the Web. The first is a local cache, which is built into a 

Web browser. A Web client with hiding, stores not only the documents presently displayed in 

browser windows but also the documents requested in the past. This local cache is also used 

for storage of the history. There are two forms of client caches: persistent and no persistent.  

A persistent client cache retains its documents between subsequent invocations of the 

Web browser. A non-persistent client cache deal locates any memory or disk used for caching 

when the user quits the browser. The dedicated client cache maintains consistency of cached 

files with server copies by issuing an optional If-Modified-Since GET to the HTTP server or 

proxy server. 
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Related works 

As such, a single version of an object would match the bandwidth and format demands of 

all the requests to the object. However, the decision on what to cache which portions of which 

objects and how to manage cache placement and replacement at the proxy remains a 

challenging task [1-2]. According to the selection of the parts to cache, the existing algorithms 

were classified: Sliding interval caching, Prefix caching, Segment caching and Rate-split 

caching. A sliding range of media objects to exploit sequential access of streaming media [3-4]. 

Given two consecutive requests for the same object, the first application obtains the object 

from the server and incrementally stores it into the proxy the; the second application then 

accesses the cached portion and release it after the access [5-6]. If the two requests arrive 

close in time, only a small portion of the media object needs to be cached at any time instance, 

and yet the second application can be completely satisfied from the proxy [7].Upon receiving a 

client request, the proxy immediately delivers the prefix to the customer and in the 

meanwhile, fetches the remaining portion, the suffix, from the server and relays it to the client. 

A proxy caching scheme for continuous media data that stores a part of the continuous 

media stream or entire stream on the Internet. By caching the first fraction of the flow data, 

service startup latency can be reduced [8-9]. The caching utility of each stream was used for 

cache replacement, which represents the correlation between the popularity of a stream and 

the size of storage space that is allocated for a stream. Evaluated a segment based buffer 

management approach to proxy caching of large media streams. Blocks of a media stream 

received by a proxy server were grouped into variable-sized segments [10].  

The cache admission and replacement policies then attach different caching values at 

various segments, taking into account the segment distance from the start of the media. These 

caching policies give preferential treatment to the beginning segments [11-12].An adaptive 

and lazy segmentation based caching strategy, which responsively adapts to the real time 

accesses and lazily segments objects as late as possible [13-14].  

It involves an aggressive admission policy, a lazy segmentation strategy, and a two-phase 

iterative replacement policy. It achieves maximal network traffic reduction by favorably 

caching the popular segments of media objects, and it dynamically adapts to changes in object 

access patterns over time [15].The concept of factoring out locality from reference counts. 

Reference counts were not incremented on every reference, instead, they were incremented 

only for those blocks that have aged out of a new section of the cache. Another novel aspect of 

the algorithm is that replacement choices are confined to those blocks that have aged into an 

old section of the cache [16].Media object reference frequency and the segment distance from 

the beginning of media. 

 A partially cached media object always starts from the beginning, facilitating immediate 

starts of user requests. It is a variation of the pyramid segmentation, but the segment size 

increases more slowly [17-18].The analysis showed that the optimal weighting factor was 

inversely related to the square roots of the relative request frequencies of the Different videos, 

and yielded excellent empirical results regarding standard performance measures such as 
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average latency time, viewer defection probability and fairness [19].With some additional 

buffer, the proxy can also perform work ahead smoothing to reduce the resource 

requirements on the path to the client without increasing the delay. Smoothing minimizes the 

peak bandwidth and the business of the variable-bit-rate stream, subject to constraints on 

buffer space and delay. 

They tried to find proper selective caching methods such that the best performance was 

achieved under a constraint on storage at both client and proxy [20-21]. Quality assessment 

for video sequences encoding with variable frame rates and quantization parameters for 

temporally scalable video coding and multi-dimensional bit rate control [22]. 

 They quality metric that takes into account the quantization errors, frame rates, and 

motion speeds. This metric has a higher correlation with the subjective quality. Cross-layer 

framework to handle the service differentiation with interference consideration for traffic 

with different priorities in multi-hop wireless networks [23-24]. The system supports 

different service levels regarding queuing delays for concurrent sessions of different priorities. 

The system architecture was composed of two major components namely a priority-based 

flow scheduler and an interference-aware bandwidth allocation unit [25]. The priority-based 

flow scheduler differentiates the queuing delay for data packets being relayed to the next hop 

according to their priorities. 

 
Materials and Methods 

Caching in a multimedia streaming server is an effective way not only to improve the 

performance of server systems but also to reduce the service latency. Due to the large volume 

of multimedia objects and the strictly sequential access pattern, existing caching algorithms 

such as Least Recently Used may not work quite well with multimedia servers. To overcome 

this problem, request interval based caching algorithms is proposed. This method improves 

the system performance by a certain amount but is not suitable for interactive media access. 

An alternative approach is to partition the multimedia objects into flexible size fragments. The 

fragmental proxy caching scheme allows effective cache replacement by providing finer 

granularity caching units namely fragments.  The system consists three phase for multimedia 

video streaming for better QoS in web services. They are Multimedia Object Fragmentation, 

Cache Allocation and Cache Replacement scheme which is operated in the proxy server. 

Fig.3.1 Architecture of the Proposed  

Fragment-Based Caching Scheme 

 

Fragmented multimedia objects are available 

in the multimedia content server which is 

streamed to the proxy server on demand. Figure 

3.1 represents the architecture of the proposed 

fragment-based proxy caching system. 
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Multimedia Object Fragmentation 

The proposed scheme partitions the streaming multimedia object into two types of 

interleaved fragments, streamed fragments (Sfrag) and cached fragments (Cfrag). As shown in 

Figure 3.2, a pair of Sfrag and Cfrag forms a Processing Unit (PU), in which the Cfrag is cached 

in the proxy cache, and the Sfrag is streamed from the media server during playback. 
 

Fig.3.2 Object Fragmentation 

Each Cfrag consists of a group of cached blocks 

(C-block) and each Sfrag consists of a group of 

streamed blocks (S-block), where a block is the 

minimum transmission unit for the streaming 

multimedia object. The number of C-blocks in any 

processing unit is equal and is the same for the number of S-blocks. Since caching or 

prefetching the prefix portion of the multimedia object in the proxy cache can eliminate the 

delayed start, the first few processing units will be treated as prefix which acts as an atomic 

unit in cache replacement. Hence, data fragmentation starts only after the prefix processing 

units.  

 
Algorithm: 

Input : metafile of videos 

Output: selection of frame for replacement 

Start 

while  
k = arg max { j 
win }, j [1 , Nv | pjprev<pjcur]; 
j 1 j Nv 
cached size = cached size + Rk 
mk+1 ; 
while (cached size >= Mc) 
l= arg min  
Jwin  
j [1 , Nv | pjprev>pjcur]; 
j 
if ( k > l)  
remove Rl 
ml ; ml = ml -1; 
cache Rk 
mk+1 ; mk = mk+1; 
else  
cached size = cached size - Rk 
mk+1 ; 
cache Rk 
mk ; mk= mk+ 1; 
Stop 
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 The proposed object fragmentation method facilitates the playback of a processing unit to 

the client from the proxy cache which can be done in parallel with the streaming of the next 

Sfrag from the media server to the proxy cache. 

 
Cache Allocation Scheme 

In a proxy-caching scheme, the cache space management has to consider the following issues: 

1. Selection of objects that are to be cached and  

2. Amount of data for an object that has to be cached 

The important task in managing proxy-cache space for streaming the multimedia objects is 

to determine the needed cache space for a requested multimedia object. When a requested 

object is cached, no more cache space is needed. If a requested object has nothing cached in 

the proxy server, either this object is requested for the first time or it had been completely 

victimized out of the proxy cache in a previous cache replacement. In either case, this object 

has a low user access frequency and so allocate cache space to hold its prefix portion alone. If a 

requested object is partially cached in the proxy server, its prefix portion must already be 

cached. In this proposed method, the size of the cached data for a multimedia object is 

determined based on its ATPR. 

Algorithm: 

Incoming Interest(I,C S)  
if CS. has Element (I. Content Name) then  
CS. update(D)  
Forward(D)  
else 
Forward(I)  
end if  
end procedure  
procedure Incoming Data(D,C S,pc)  
if rand < pc then  
CS. add(D)  
end if  
Forward(D)  
end procedure 
Algorithm 2 Probabilistic caching with secondary list.  

procedure Incoming Interest SL(I,C S,SL)  
if CS. has Element(I. Content Name) then  
CS. update(D)  
SL. update(I. Content Name)  
Forward(D)  
else 
Forward(I)  
end if  
end procedure  
procedure Incoming Data SL(D,C S, SL, pc, pSL )  
if SL. has Element(D. Content Name) then  



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 58     K.S.R. College of Arts and Science for Women 

SL. update(D. Content Name)  
if rand < pc then  
CS. add(D)  
end if  
else  
if rand <pSL then  
SL. add (D. Content Name)  
end if  
end if  
Forward(D)  
end procedure 
 
Cached Frame Vector for Multiple Videos 

It is necessary to determine the cached frame vectors for multiple videos minimizing the 

required client’s buffer size and the channel bandwidth when proxy server has only a finite 

storage space (Mc). Determine the cached frame vectors j, j = 1,2, . . ., Nvto minimize the 

required client’s buffer size and the peak bandwidth BW jch ( j), so that the following condition 

is satisfied. 

Where Rj = (R1, R2… Rn) the dot operator is the vector inner product, and 
d maxis the tolerable maximum initial latency. However, some of the 
storage space (Mc) must be allocated for the prefix caching of frames to 

enable the instant display before data from there mote original server arrives. The positions of 
prefix cached frames is set to1 in the first part of j. 
 
Cache Replacement Scheme 

After determining the number of client’s services for a requested object, the cache space 

was allocated for this object if there were sufficient cache space available. If there is not 

enough free cache space, some space has to be made available by victimizing the objects based 

on their ATPRs. To increase the byte-hit ratio, more C-blocks must be kept in the proxy cache 

for objects with larger ATPRs. On the other hand, delayed starts are less likely caused by 

requests to objects with larger ATPRs since the prefixes of these objects are more probably 

cached in the proxy server. Instead, the majority of delayed starts are caused by user requests 

to objects with smaller ATPRs. The system had been tuned to reduce the number of delayed 

starts by keeping the prefix portions of multimedia objects with lower ATPRs and at the same 

time to maintain a large number of C-blocks for multimedia objects with higher ATPRs in the 

proxy cache. Thus the system can be tuned to favor both the number of delayed starts and the 

byte hit ratio by using the replacement algorithm namely the Modified-TVP (Tunable 

Victimization Procedure) which is given in below. 

Algorithm: 

Input: size, arrival rate and arrival time of objects 

Output: storage and removal of object from the cache 

Begin 
For i=1 to m do // find object with cached data 
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If (no data cached for Oi) i=i + 1; end if 
End for 
ATPR min = ATPRi; p=i; FCS=0; 
While (NCS >0 and i<=m) 
While (ATPRi=ATPR min and i<=m) 
FCS = FCS + Ci; i=i+1; 
End while 
If (FCS<NCS) // remove some prefix 
For k=p to i-1 do 
Remove all C-blocks for Ok ; Ck=0; 
End for 
NCS=NCS - FCS; 
While (CVR > (p-i) / m and NCS >0 and p<i) 
Remove prefix for Op 
NCS=NCS - PFS; 
p=p+1; v=p; 
End while 
if (NCS>0 and i>m) // no C-blocks available 
For k=v to m do 
Remove prefix for object Ok from proxy cache 
NCS=NCS - PFS; 
If ( NCS <=0) return; 
End for 
Else 
p=i; ATPR min=ATPRi; 
End if 
Else // need to remove C-blocks 
For k=p to i-1 do 
RCB = min { [NCS / ((i-p )*PUSk )] , [Ck/ PUSk] } 
Remove RCB C-blocks from each processing unit in Ok 
NCS=NCS - RCB* PUSk ; 
Ck=Ck - PUSk * RCB; 
End for 
k=p; 
While (NCS>0) // not enough space for requested object 
Remove all C-blocks from Ok 
NCS = NCS - Ck; Ck=0; 
End while 
End if 
 In a multimedia system, storage and bandwidth are critical resources since any 

presentation requires a large volume of data to be delivered in real-time. Caching of 

multimedia documents in local storage alleviates large retrieval bandwidth requirements. An 

important requirement for a multimedia caching policy is to guarantee continuous delivery by 

storing the required content. It should also cope with dynamic changes in workload and 

heterogeneity arising from large and small multimedia files. Thus the performance of the 

system relies on the caching and the replacing algorithms used for cache management. The 
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factors which had been normally used to evaluate the performance of any caching scheme has 

been given below. 

Cache Hit Ratio (CHR): It is the percentage of user requests served by the proxy cache. 

Byte Hit Ratio (BHR): It is the ratio between the amount of data in bytes served from the 

proxy cache and the total amount of data requested in bytes. 

Delayed Starts (DS): It is the number of requests being delayed due to initializing the 

streaming pipeline because of the non-availability of data in the cache.  

 Analyzing the objectives of proxy caching for streaming multimedia objects along with the 

correlation among these criteria, it was observed that the byte hit ratio and the number of 

delayed starts were two independent criteria for evaluating the proxy caching performance in 

streaming multimedia applications. 

 Since the multimedia objects are partially cached and the cache hit ratio subsequently 

becomes unsuitable, the network bandwidth consumption had been correlated to byte hit 

ratio. A higher byte hit ratio implies less data to be streamed to clients from media servers, 

and, in turn, saving the network bandwidth. The delay in serving the user request usually 

occurs when prefixes of multimedia objects are downloaded to the proxy cache to initialize the 

streaming pipeline. 

 
QoS Improvement based on Cache Scheme 

The fragmental proxy caching scheme is to improve the QoS in multimedia streaming systems 

by:  

 Reducing the startup delays in accessing the multimedia objects by storing its prefix 

portion. 

 Increasing the byte hit ratio (BHR) to have continuous media delivery and also to reduce 

the network bandwidth. 

 In order to achieve the QoS in web services, the following issues have been overcome: 

 Partitioning of objects into blocks and storing in the cache. 

 Factors for cache space allocation and replacement of objects. 

 Parallel streaming of object from the server to proxy while the object is played at the 

client. 

 Handling of interactive VCR functionalities. 

 Weight age of individual factors for cache management. 

The bandwidth-intensive and long-lived nature of high-quality digital video make it a 

challenging problem to transmit such video over the Internet. A scalable and flexible 

framework integrating proxy-based prefix caching with the periodic broadcast of the suffix of 

a video from the server, for efficiently streaming a set of popular videos to a large number of 

asynchronous clients. A methodology has been developed for 

1. Determining appropriate prefix and suffix transmission schemes based on a principle of 

decoupling the two transmissions from each other, and  
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2. Optimally allocating the proxy buffer space among the set of videos. A buffer allocation 

algorithm is presented that minimizes the aggregate bandwidth usage on the server-proxy 

path.  

In this technical issues in improving the cacheable of streaming multimedia objects, 

including object fragmentation, caching strategy, cache replacement has been considered. It 

has been revealed by analysis that cache space management for streaming multimedia objects 

can perform better by considering both the user request arrival time and playback rate of the 

object in addition to the request arrival rate of the multimedia objects. Thus, a novel cache-

replacement scheme that uses a sliding history window to monitor the dynamic user request 

arrivals has been proposed. It employed a tunable replacement algorithm to provide an 

excellent method of managing the cached multimedia data according to different QoS 

requirements of streaming multimedia applications. 

 
Results and discussion 

 The proposed method has been implemented using simulation environment and evaluated 

for its efficiency using various categories and topics in the taxonomy. The proposed method 

has been evaluated for its effectiveness and has produced more efficient results. 

 The method has used the taxonomy with ten different categories, and at each category, 

there are up to seven level of subspaces are available. In this analysis, the number of video 

frame set varies from 10 to 50 with an increment of 10 framesets. While we set the pause time 

to 30 s, the network size to 1000 x 1000 m2 and the simulation duration to 150 s. Other 

network settings have been described in Table 1. 

 
Table 1 Details of simulation environment 

 The Table 1 shows the details of data 

set used to evaluate the performance of 

the proposed method. The method has 

used the mobility model for random way 

point 10 different categories, and at each 

category, there are up to seven level of 

subspaces are available. 

 

Streaming Efficiency 

A difficulty is with the determination of unsuccessful the streaming container be for the 

time being interrupt or even ended strangely. Technologies which make use of streaming 

efficiency, more often than not have events which can restore the association to the frame set 

for video, if the association to the objective video frame cannot be finished.  

The figure 4.1, shows the accuracy of video Streaming Efficiency produced by different 

methods, and it indicates that the proposed method has reduced the buffer level in within time 

Network size 1000 x 1000 (m2) 

Pause time 30  sec 

Speed 10 m/s 

Simulation duration 150 sec 

Traffic type Constant Bit Rate (CBR) 

Transmission rate 4, 8, 16, 32, 64packets/sec 

Packet size 512 bytes 
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interval. However re-establishing this suggestion may not for all time be possible and level at 

what time likely the operation may cause a temporary break to the describe. 

Fig.4.1 Comparison of video Streaming Efficiency 

Experiments were conducted on the different 

proxy caching schemes to analyze the performance of 

the proxy caching systems. The first proposed 

Fragment-Based proxy caching scheme was analyzed 

regarding the evaluation factors namely the Byte Hit 

Ratio (BHR) and the number of Delayed Starts (DS). 

The second proposed Metafile-Order proxy caching 

scheme was analyzed regarding the evaluation factors namely the Byte Hit Ratio (BHR), 

Reduction in Buffer Size (RBS) and Reduction in Bandwidth (RB). The third proposed 

Modified-MPR proxy caching scheme was analyzed regarding the evaluation factors namely 

the Exact Hit Ratio (EHR), Byte Hit Ratio (BHR) and the Communication Delay ratio (CDR).  

The minimum, maximum and the average improvement of the system performance regarding 

the individual evaluation factors were observed, and the results are shown in Table 6.1. 

Table 4.2 Factors evaluation table 

Video Retrieval Efficiency 

 The videos but the retrieval becomes poor due to 

the inaccurate indexing and extraction of video 

becomes irrelevant. To overcome the issue of 

irrelevant results, we propose a multi-level topical 

subspace clustering which identifies the topic of video 

content according to the object analysis performed 

using the template matching process. The proposed 

method improves the performance of video retrieval in 

more efficient manner than other approaches. 

Figure 4.2: Comparison of video retrieval efficiency 

Figure 4.2, shows the comparison result of 

video retrieval efficiency produced by different 

methods and indicates that the proposed method 

has produced more video retrieval efficiency than 

existing methods. 

 
Time Complexity : They consume compute a 

regular number time complexity; it comprises all imaginable time delay produced by 

protective through route detection time complexity, line up at the border queue, 

retransmission delay on intermediate video control, spread and move time for the video 

frame. D = (Tr –Ts), Where Tr is receiving Time and Ts is sent Time. 
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Figure 4.3: Comparison of time complexity 

Figure 4.3 shows the comparison of time 

complexity produced by different methods, and it 

shows clearly that the proposed method has 

reduced the more relevant result than other 

methods. 

 
 

Conclusion 

 In this work, a modified fragment based proxy caching scheme had been proposed that 

efficiently manages the streaming of multimedia to improve the quality of streaming 

multimedia services. The proposed cache replacement algorithm considered both the user 

request arrival time and the playback rates of multimedia objects in addition to the request 

arrival rate of objects in making cache allocation and cache replacement decisions. In this 

caching scheme, a sliding history window has been used to track the dynamic user requests, 

and a tunable victimization procedure has been used for selecting replacement victims. The 

system was tuned to reduce the number of delayed starts. Thus the ATPR had been set to zero 

to avoid complete victimization of object prefix. The results show that the proposed proxy-

caching schemeoutperforms the existing scheme regarding two commonly used QoSmetrics, 

the Byte-Hit Ratio(BHR) and the number of delayed starts. Theproposed system performs 

better regarding the BHR by an average amountof 10% to a maximum of 14%, and regarding 

the delayed starts by anaverage amount of 3% to a maximum of 4% when compared to the 

existing system. 
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Abstract 

 During the last decade the decrease in the size of computing machinery, coupled with the increase in their computing 
power has led to the development of the concept of mobile computing. Mobile Computing is a generic term is evolved in 
modern usage such that it requires that the mobile computing activity be connected wirelessly to and through the internet 
or to and through a private network. Now a days Mobile internet has changed the way we work and we live, one can easily 
reached people around the globe instantly, from any device, over any network. The adoption of Internet services has shown 
to be more difficult due to the difference between the Internet and the mobile telecommunication system. Security is the key 
issue that needs to be considered, which comes into picture once. The communication channel is set up. This paper provides 
an insight on threats, challenges and recent trends security issues in mobile computing. 

Keywords: Mobile computing, mobile computing security, wireless mobile communication, WI-Fi network, KSSL Protocol. 

 
Introduction 

 Mobile computing is a form of human-computer interaction by which a computer is 

expected to be transported during normal usage. Mobile Computing is a variety of wireless 

devices that has the mobility to allow people to connect to the internet, providing wireless 

transmission to access data and information from where ever location they may be. Mobile 

computing has three aspects: mobile communication, mobile hardware, and mobile software. 

The first aspect addresses communication issues in ad-hoc and infrastructure networks as 

well as communication properties, protocols, data formats and concrete technologies. The 

second aspect is on the hardware, e.g., mobile devices or device components. The third aspect 

deals with the Mobile computing is taking a computer and all necessary files and software out 

into the field. With the rapid growth in the wireless mobile communication technology, small 

devices like PDAs, laptops are able to communicate with the fixed wired network while in 

motion. Because of its flexibility and provision of providing ubiquitous infrastructure, the need 

to provide security increases to a great degree. 

 
Mobility and Security 

 The fact that both users and the data that they carry have become a mobile component in 

computing has in itself introduced a set of security problems different to that in traditional 

computing. In the traditional case of fixed (non mobile) computing physical protection could 

easily be afforded by making a computer and database system physically isolated from the 

other components in the environment. In such a configuration it was possible to make the 

system self-sufficient, without any need to communicate with the external world. More recent 
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firewall techniques may also be applied to achieve the same effect. 

 In mobile computing this form of isolation and self sufficiency is difficult to achieve due the 

relatively limited resources available to a mobile unit, thereby necessitating it to communicate 

with the mobile support station. The mobility of users and the data that they carry introduces 

security problems from the point of view of the existence and location of a user (which is 

deemed to be data in themselves) and the secrecy and authenticity of the data exchanged 

between users and between a user and a fixed host. 

More specifically, a user on a mobile wireless 

network may choose to have the information 

concerning his or her existence treated as being 

confidential. That is, a user may choose to 

remain anonymous to the majority of other 

users on the network, with the exception of a 

select number with whom the user often 

interacts. This problem of user anonymity in 

mobile computing is related to a more difficult 

problem of the trust level afforded by each node 

in the wireless network and the problem of the 

security of location data concerning a user when the location data is stored or transferred 

between nodes as the user moves in a nomadic fashion. These nodes must provide some 

assurance to the user about his or her anonymity, independent of the differing levels of trust 

that may exist for each node. This requirement is of particular importance in the case of a user 

that crosses between two zones which are under two nodes respectively, each having a 

different trust level. Equally important is the secure transfer of data between databases at 

nodes which hold location data and other information or parameters in the user profile. Here 

all traffic internal to the network and transparent to the nomadic user must be maintained 

secure and authentic. Another potential security problem lies in the possibility of information 

leakage through the inference made by an attacker masquerading as a mobile support station 

with or without the aid of a subverted mobile support station. The attacker which 

masquerades as a mobile support station may issue a number of queries to the database at the 

user's home node or to database at other nodes, with the aim of deducing parts of the user 

profile containing the patterns and history of the user's movements. Here again, security 

techniques are required both for the databases and for the identification of users and mobile 

support stations. Any scheme to be used must ensure that any queries submitted to a given 

database at a user's home-base is accompanied by sufficient proof that the user approves of 

the queries submitted by the (foreign) mobile support station controlling the zone under 

which the user is currently roaming or passing through. It is, therefore, not unreasonable to 

assume that some method of delegation of rights will be employed between the user and the 

mobile support stations (and fixed hosts) in the network. 
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 Related to the management of these databases and the provision of performance 

transparency for the nomadic user is the issue of replication of certain parameters and user 

profiles with the aim of replicating the environments surrounding the user. Thus, as the user 

roams across zones, the user must not experience a degradation in the access and latency 

times. Again, security must be considered in the context of replication, both from the trust 

level of the mobile support stations and fixed hosts and from the point of view of data leakage. 

In general, as sensitive data is replicated across several sites, the security risks are also 

increased due to the multiplication of the points of attack. 

 
Threats to Mobile Computing 

 Mobile computing brings with it threats to the user and to the corporate environment. 

From personal information to corporate data, mobile devices are used for a wide variety of 

tasks by individuals and companies. Mobile devices have added a new threat to the corporate 

landscape as they have introduced the concept of bring your own device. While this is not 

necessarily an entirely new concept, the wide acceptance of bring your own device with 

mobile devices has created a paradigm shift, where the security and safety of the device is not 

necessarily to protect the corporate data, but to keep the personal data out of the hands of 

corporate management. 

1. Data Loss from lost, stolen, or decommissioned devices: By their nature, mobile devices are 

with us everywhere we go. The information accessed through the device means that theft 

or loss of a mobile device has immediate consequences. Additionally, weak password 

access, no passwords, and little or no encryption can lead to data leakage on the devices. 

Users may also sell or discard devices without understanding the risk to their data. The 

threat level from data loss is high, as it occurs frequently and is a top concern across 

executives and IT admins. 

2. Information stealing mobile malware: Android devices, in particular, offer many options for 

application downloads and installations. Unlike iOS devices, which need to be jailbroken, 

Android users can easily opt to download and install apps from third-party marketplaces 

other than Google’s official Play Store marketplace. To date, the majority of malicious code 

distributed for Android has been disseminated through third-party app stores. Most of the 

malware distributed through third-party stores has been designed to steal data from the 

host device. This threat level is high, as Android malware in particular is becoming a more 

popular attack surface for criminals who traditionally have used PCs as their platforms. 

3. Data Loss and data leakage through poorly written third-party applications: Applications 

for smartphones and tablets have grown exponentially on iOS and Android. Although the 

main marketplaces have security checks, certain data collection processes are of 

questionable necessity; all too often, applications either ask for too much access to data or 

simply gather more data than they need or otherwise advertise. This is a mid-level threat. 

Although data loss and leaking through poorly written applications happens across mobile 

operating systems. 
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4. Vulnerabilities within devices, OS, design, and third- party applications: Mobile hardware, 

OS, applications and third-party apps contain defects (vulnerabilities) and are susceptible 

to exfiltration and/or injection of data and/or malicious code (exploits). The unique 

ecosystem inherent in mobile devices provides a specialized array of security concerns to 

hardware, OS, and application developers, as mobile devices increasingly contain all of the 

functionalities attributed to desktop computing, with the addition of cellular 

communication abilities. This is a midlevel threat; although the possibility is high, the 

number of exploits is not. 

5. Unsecured WiFi, network access, and rogue access points: This has increased the attack 

surface for users who connect to these networks. In the last year, there has been a 

proliferation of attacks on hotel networks, a skyrocketing number of open rogue access 

points installed, and the reporting of eavesdropping cases. This threat level is high. 

Increased access to public WiFi, along with increased use of mobile devices, creates a 

heightened opportunity for abuse of this connection. 

Unsecured or rogue marketplaces: Android users can easily opt to download and install 

apps from third-party marketplaces other than Google’s official Play Store marketplace. To 

date, the majority of malicious code distributed for Android has been distributed through 

third- party app stores. This threat level is high: Android malware in particular is being 

distributed through these marketplaces more and more frequently. 

1. Insufficient management tools, capabilities, and access to APIs (includes personas): 

Granting users and developers access to a device’s low-level functions is a double-edged 

sword, as attackers, in theory, could also gain access to those functions. However, a lack of 

access to system-level functions to trusted developers could lead to insufficient security. 

Additionally, with most smartphone and tablet operating systems today, there is little, if 

any, guest access or user status. Thus, all usage is in the context of the admin, thereby 

providing excessive access in many instances. This is a mid-level threat. 

2. NFC and proximity-based hacking: Near-field communication (NFC) allows mobile devices 

to communicate with other devices through short-range wireless technology. NFC 

technology has been used in payment transactions, social media, coupon delivery, and 

contact information sharing. Due to the information value being transmitted, this is likely 

to be a target of attackers in the future. The threat level is low, as the threat is still in the 

proof-of-concept phase. 
 

Security Countermeasures 

 Secure mobile computing is critical in the development of any application of wireless 

networks. 

Security Requirements 

Similar to traditional networks, the goals of securing mobile computing can be defined by 

the following attributes: availability, confidentiality, integrity, authenticity and non-

repudiation. Availability ensures that the intended network services are available to the 

intended parties when needed. Confidentiality ensures that the transmitted information can 
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only be accessed by the intended receivers and is never disclosed to unauthorized entities. 

Authenticity allows a user to ensure the identity of the entity it is communicating with. 

Without authentication, an adversary can masquerade a legitimate user, thus gaining 

unauthorized access to resource and sensitive information and interfering with the operation 

of users. Integrity guarantees that information is never corrupted during transmission. Only 

the authorized parties are able to modify it. 

Non-repudiation ensures that an entity can prove the transmission or reception of 

information by another entity, i.e. a sender/receiver cannot falsely deny having received or 

sent certain data. In ad hoc networks, mobile hosts are not bound to any centralized control 

like base stations or access points. They are roaming independently and are able to move 

freely with an arbitrary speed and direction. Thus, the topology of the network may change 

randomly and frequently. In such a network, the information transfer is implemented in a 

multi-hop fashion, i.e., each node acts not only as a host, but also as a router, forwarding 

packets for those nodes that are not in direct transmission range with each other. By nature, 

an ad hoc network is a highly dynamic self-organizing network with scarce channels. Besides 

these security risks, ad hoc networks are prone to more security threats due to their difference 

from conventional infrastructure-based wireless networks. 

The Lack of Pre-fixed Infrastructure means there is no centralized control for the network 

services. The network functions by cooperative participation of all nodes in a distributed 

fashion. The decentralized decision making is prone to the attacks that are designed to break 

the cooperative algorithms. A malicious user could simply block or modify the traffic 

traversing it by refusing to cooperate and break the cooperative algorithms. Moreover, since 

there are no trusted entities that can calculate and distribute the secure keys, the traditional 

key management scheme cannot be applied directly.  

Dynamically Changing Topology aids the attackers to update routing information 

maliciously by pretending this to be legitimate topological change. In most routing protocols 

for ad hoc networks, nodes exchange information about the topology of the network so that 

the routes could be established between communicating nodes. Any intruder can maliciously 

give incorrect updating information. For instance, DoS attack can be easily launched if a 

malicious node floods the network with spurious routing messages. The other nodes may 

unknowingly propagate the messages.  

Energy Consumption Attack is more serious as each mobile node also forwards packets for 

other nodes. An attacker can easily send some old messages to a node, aiming to overload the 

network and deplete the node’s resources. More seriously, an attack can create a rushing 

attack by sending many routing request packets with high frequency, in an attempt to keep 

other nodes busy with the route discovery process, so the network service cannot be achieved 

by other legitimate nodes. Node Selfishness is a specific security issue to ad hoc network. Since 

routing and network management are carried by all available nodes in ad hoc networks, some 

nodes may selfishly deny the routing request from other nodes to save their own resources 

(e.g., battery power, memory, CPU). 
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Security Issues Involved In Mobile Computing 

1. Mobile security or mobile phone security has become increasingly important in mobile 

computing. It is of particular concern as it relates to the security of personal information 

now stored on the smart phone. More and more users and businesses use smart phones as 

communication tools but also as a means of planning and organizing their work and 

private life. Within companies, these technologies are causing profound changes in the 

organization of information systems and therefore they have become the source of new 

risks. Indeed, smart phones collect and compile an increasing amount of sensitive 

information to which access must be controlled to protect the privacy of the user and the 

intellectual property of the company. 

2. All smartphones, as computers, are preferred targets of attacks. These attacks exploit 

weaknesses related to smart phones that can come from means of communication likes 

SMS, MMS, WIFI NETWORKS. There are also attacks that exploit software vulnerabilities 

from both the web browser and operating system. 

3. Different security counter-measures are being developed and applied to smart phones, 

from security in different layers of software to the dissemination of information to end 

users. There are good practices to be observed at all levels, from design to use, through the 

development of operating systems, software layers, and downloadable apps. 

4. One of the key issues of these being, confidentiality and authentication, where the user 

must be protected from unauthorized eavesdropping. The goal of authentication protocol 

is to check the identity of other users or network centers before providing access to the 

confidential information on the users side. When designing any security protocol, there are 

certain conditions that need to be considered. Firstly, the low computational power of the 

mobile users and secondly, the low bandwidth available. Therefore, it is important to 

design the security protocols so as to minimize, the number of message exchanges and the 

message size. a few authentication protocols that were proposed to provide security 

between the users and the network. These protocols are based on the use of certificates, 

which are built on the concept of security keys (cryptography). Another protocol that is 

discussed in this paper is the KiloByte Secure Socket Layer (KSSL) protocol, which is an 

extension of Secure Socket Layer (SSL) protocol used for wired networks. 

Security Controls in Mobile Computing Systems 

 Our work on the security of mobile computing aims to address the problems pertaining to 

the security of information within the following three sub-areas of the mobile environment: 

1. The security of information residing in the mobile units, considering device constraints, 

2. The security of information as it travels 'over the air' between mobile units and mobile 

support stations. An important consideration in this area is the power consumption of the 

algorithms that implement this secure data transfer. 

3. The security of information within the rest network (wired hosts). This includes the 

security of databases holding control data used for the operations and management of the 

mobile wireless network. 
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Conclusions 

This paper presents an analysis of threats and security issues which demands thorough 

data-centric threat-risk and security Assessments, incident handling planning and preparation 

and user and administrator training. Mobile computing still requires many other technologies 

to be collaborated for fulfilling the changing needs of users worldwide to protect the 

information from unauthorized users and control the fraud. With these efforts relatively new 

and not yet developed to its full extent, service providers are hoping to keep security 

development in pace with other developmental aspects of wireless technology. 

Future work includes a systematic definition of different security policies that are used by 

different backbone networks. Further work also includes the implementation of special 

authentication and access control techniques. 
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Abstract  

Bioinformatics is using worldwide by biotechnologists to access their various types of databases for research work 
and to change the information for its comparison, confirmation, storage and analysis. There are many numbers of 
databases on their specific genes and proteins towards human, animals, plants, bacteria, and other living organism. This 
are being so enriched and fully updated through the research in the respective modern biology with its practice on 
bioinformatics. Databases always help in a new success in biotechnology that are very useful to mankind. Bioinformatics 
is enabling to life sciences to invent their novel drug discoveries as well as drug delivery systems for mankind system for 
greater progress in the field of biotechnology.  

Keywords: Bioinformatics, genome, drug discovery, science.  

 
Introduction  

Bioinformatics defined as the use of math’s logic and informational new techniques to 

solve biological problems related by creating or using the computer programs. In 

mathematical models, it can be roughly categorized into two different branches that is 

sequential bioinformatics and structural bioinformatics. The former is always focused on 

sequencing with the main applications of the data and analysis the data together in human 

genome projects, sequence alignment, metabolic networks and virtual evolution. While latter 

on focusing on structures with an main applications for the prediction of protein 3D structures 

and revelation of the structure and their function relationship (Bairoch and Apweiler et al., 

2000). 

Bioinformatics is a computer using interface dealing with acquisition, storage, 

management and access and processing of molecular level of biology data. This discipline will 

helps us to collect the compile, analyses, process and also represent the information in order 

to understand the processes in healthy life and also to find new processes or better drugs 

toward the concentration and drug delivery systems for genes and also the other genetic 

components for all life improvement. It is an interdisciplinary scientific searching tool without 

any barriers among various principal of science like biology, mathematics, computer science 

and information technology (Edelman et al., 1999). 

The development of bioinformatics started with an new idea and also the networking of 

computers and accumulation of their data on genes sequences and proteins is relevant to 

biotechnology. This discipline is still youth and may be marked back to the 1970s. When 

automated DNA and protein sequencing came together to the possible outcomes then 

biotechnologists were started to generating large amounts of database on various types of 

parameters on genes and proteins. With an new generation of computer based achievement’s 
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on massive databases systems on genomics database and proteomics database system. The 

structure and their function relationship of new formed sequences are well accessing to their 

system and also the comparison of new sequences with an known computers networks which 

will going to initiated the development of bioinformatics in every field of nature (Tripathi et 

al., 2000). 

 
Overview of methodology  

Gene prediction 

Information were used to predict the genes which includes signaling pathways in the 

sequence. Content statistics and to know the similarity between the genes. In a recent test of 

gene sequences detection tools on part of Drosophila genome pattern, the majority of these 

were "gene finders" identified almost near by 95% of coding nucleotides, but in tron and exon 

structures were correctly predicted for only about 40% of genes similarity. The different 

methods failed to find between 5% and 95% of genes, and incorrectly identified up to 55%. 

But probably the most common difficult evidence of the frailty on gene prediction methods is 

uncertainty in their number of genes in the human genome system, with current affair to 

estimates ranging from 27,462 to 3,12,278. The methods are used to arrive at least the 

numbers of each involvement in different approximations and extrapolations. It is disturbing 

the different analytical approaches which should yield such disparate results in the searching 

method (Reese et al., 2000). 

 
DNA-Based Species Identification 

All though the empirical ecological studies which require only the species identification 

during the collection of data. The identification of typically relies on the easily observable the 

characteristics of morphological system. But in various DNA based strategies which have been 

developed only for those, in cases were morphology based identification proved problematic 

in the nature. The first methods was proposed at the end of 1980s and which is based on DNA 

hybridization system that is Southern blots technique either by the uses of specific probes or 

by the mean of prior restriction digestion enzyme and electrophoresis technique which 

include restriction fragment length polymorphism and RFLP. With an invention of PCR based 

amplification system of DNA and it is design for universal primers species to identification on 

to moved towards being based on direct sequencing method or hybridization of PCR technique 

products (Pierre Taberlet et al., 2012). 

 
Molecular Biology on Drug Discovery  

The total numbers of protein drugs delivery system are largely recombinant proteins and 

its monoclonal antibodies that were often referred to biotechnology drugs based system. The 

recombinant proteins become very important additions in the therapeutic armamentarium. 

After few years, monoclonal antibodies were specialized form recombinant protein which 

arrived on the scene in the year of 1998. Biotechnology products are recombinant proteins 
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and monoclonal antibodies which were accounted to 15 out of 57 drugs were introduced in 

worldwide level (26.3%). Among then the 50 leading research based companies were the 

corresponding figures are 7 out of 40 (17.5%) (29). The human genome database were 

contains 12,000 to 14,000 genes encoding secrete proteins in the database. Even though 1 or 

2% of these proteins were always to qualify the drugs, it would be between 120 and 280 novel 

therapeutic proteins drug system which is almost remain to be discovered and developed in 

future (Brown and Botstein 1999). 

 
Molecular Drug Targets 

On these points the way of rational drug design was of one method which used in this 

process with the isolation of human DNA sequence pattern. This sequence is almost translated 

into the amino acids. The next bioinformatics tools will be used to search the similar 

sequences in the model organisms that is mice and yeast. The modeling protein structure 

towards the model organism can created as a model of the structure of human protein. One 

can easily identify a drug that will binds to the model protein sequence by the using of docking 

algorithms technique. An good example of this is the MLH1 gene which encoding a mismatch 

repair protein situated in the short arm of many chromosome with respect to drug target 

system (Peter and  Elkin 2003). 

 
Protein Fold Prediction 

Comparisons in the existing folding libraries are built on the bases of their interaction 

energies needed to create a page which is supposed to give a known amino acid sequence 

pattern. And it can be used to score a candidate in amino acid sequence to compatibility with 

known protein sequence folds. These systems are computed as parallel wise interaction 

energies and its potential energies. They will also provided as a set of z scores for different fold 

configurations system (Starkey and  Elaswarapu 2001). 

These tools can be also assisting to researchers in different identifying analogous proteins. 

The analogous proteins have many different sequences but they are same or similar pattern or 

functional sites. These proteins are always to believe to have arisen through convergent 

evolutionary lines documentary (Aravind et al., 2000). 

 
Future Challenges in Bioinformatics 

Keeping those views in present investment and developments and it has impossible to 

predict the future of bioinformatics in many fields. The searching for biological databases is 

becoming difficult. Their differences in database structures documents and nomenclature will 

hinder the research efforts on standardizations to have much resistance. Researchers are 

optimistic that the web tools are developed for other purposes in bioinformatics. The new 

software were being produced for different applications in biotechnology purpose.  ( Jurgen 

Drews et al., 2000). 
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Abstract 

Software quality is the essential one in software development projects. It influences every aspect of the system such as 
functionality, reliability, scalability, maintainability and safety. Software quality is significant one for attaining the better 
efficiency in software industry. Software quality improvements are attained through managing all factors that influence it. 
Software development process needs the information about all software development phase like objectives, monitoring and 
activity control, project costs and technical quality. But, one of the challenging activities concerned during software 
development is the coordination and management of user given task. Our key objective is to attain higher scalability rate 
with reduced service provisioning time while improving the reliability of software quality based on user metric 
requirements.  

Keywords: Software quality, software development projects, reliability, monitoring 

 

Introduction 

Software engineering is a complex attempt that requires communication of people, 

technology and processes to maintain a software product. Software engineering is explained in 

a systemic context with aim on the roles of people and processes within system. In software 

engineering, software development methodology partitions the development work into many 

phases containing activities for planning and organization. It is taken as a subset of systems 

improvement life cycle. The methodology comprises the pre-definition of particular 

deliverables and artifacts which are generated and completed by project team to design or 

preserve the application. The recognition and evaluation of the factors with the software 

quality is discussed and addressed the problem of changing the combinations of factors on 

probability of delivering high-quality software. The designed model is used for increasing the 

quality of software independent from the software development process model as described in 

figure 1.  

This paper is organized as follows: Section II discusses reviews on software quality 

management techniques, Section III describes the existing software quality management 

techniques based on user metric requirements, Section IV identifies the possible comparison 

between them, Section V explains the limitations and Section VI concludes the paper, key areas 

of research is given to attain higher scalability rate with reduced service provisioning time 

while improving the reliability of software quality based on user metric requirements.  
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Fig.1 Software Quality Management Process 

Literature  

Survey 

An open source quality management is SonarQube 

that is extended through plugins. An initial design and 

development of integrated analyser component was 

introduced in [1] for extending open source framework 

functionality in software quality management and for minimizing the software development 

time. Though software development time gets reduced, multiple software maintenance 

handled over time results in software degradation and also increased the service provisioning 

time. 

Grounded Theory qualitative research methodology termed Perspective-based model [6] 

collected and analyzed the source data from reports with experienced software engineering 

practitioners. Though many property-attribute relationships were identified from Grounded 

Theory Analysis, elicitation of contextual factors with coded portion remained unaddressed. In 

order to improve the software quality, the influential factors addressing software quality are 

concentrated. In [7], with process being stochastic and resources being limited, economic data 

are taken using Markov chain. The stochastic Markov chain framework modeled the stochastic 

processes of quality management system. However, response time remained unaddressed 

which is one of important quality requirements.  

An open source software tool for quality control in liquid chromatography-high resolution 

mass spectrometry (LC-HRMS) was introduced in [2] for processing multiple quality control 

sample types and samples in one or more measurement sequences. The construction of LC-

HRMS used quality assessment with high accuracy and increases the retention time. In [5], a 

novel two-stage data pre-processing technique with feature selection and instance reduction 

were presented. In feature selection stage, relevance analysis was performed. A threshold-

based clustering algorithm was presented to execute the redundancy control. The second 

stage termed instance reduction stage is applied under-sampling that kept an effective balance 

between faulty and non-faulty cases. 

The effect of collaboration on defect proneness software was analyzed in [4] as undirected 

network. Different measures extract the centrality of developers with collaboration network 

that calculating the node significance. Though the effect of collaboration on defect proneness 

of software modules was examined as undirected network, the reliability with defect 

proneness remained an open issue. A new approach known as iterative redundancy was 

presented in [3] for increasing the software reliability. Although the improvement was 

observed in system reliability, the probability of failure gets increased that leads to the 

compromised service provisioning time in distributed software systems. 
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Software quality management based on user metric requirements 

Software development is a social activity with collaboration between many developer 

teams and stakeholders. Interest in collaboration network of developers uses the information 

for prediction or explanation of various phenomena started after wide availability of data on 

internet. Development and maintenance of large software is above the capacity of single 

person. Coordination and management of developers working at distributed locations is a 

challenging activity. It is not feasible to monitor the collaborations directly because of 

unforeseen dependencies between the modules of software in given project. Collaboration 

structure of developers has difficult link with software quality.  

 
Integrated metrics handling in open source software quality management platforms 

SonarQube is a software quality management platform and it is used for executing analysis 

over source code. It also presents the information about duplicated code, unit tests, coding 

standards, code coverage, code difficulty, statements and software plan and design. The 

functionality and ability of SonarQube are expanded with new modules termed plugins. It is 

also used to combine the support for extra programming languages, metrics or combination 

with additional tools in new functionalities. SonarQube logic mainly depends on source code 

analyzer component which executes fundamental analysis activities and application server. It 

also displays the data from analysis in browser front-end.  

Widgets are components that organize the graphical display of data from source code 

analysis. In addition, widgets allow customization of analysis outcomes presentation to the 

user. A widget maintains the requirement of visual format and display locations of existing 

data. Every widget provides one of square boxes that revealed. Each box comprises many data 

items where the display location and features are denoted in widget code. For every new 

analysed project, SonarQube forms the project dashboard for choosing, adding, or taking out 

the available widgets. Sensors are components for accessing particular source code to be 

verified and maintain the execution of analysis functions over source code for removing the 

metrics. 

Decorators are components that maintain the programming of extra processing over initial 

metrics by sensors for attaining the complex metrics. Sonar Runner is used for managing the 

step series to start the source code analysis. For evaluating the SonarQube analysis, it is 

required to initiate the Sonar Runner. Sonar Runner finds the series of invocations of functions 

presented by Sensors and Decorators. After completing the process, runner stores all data in a 

database. An approach is designed to enhance the metrics management and presentation to 

verification engineers depending on the SonarQube framework.  

SonarQube framework is executed through planning an integrated metrics analyzer 

component with enhanced functionality for the platform. In the platform, it is used to combine 

its own analysis results with others from external analysis tools in single presentation space. 

The design is modular one to modify the mixing of any external code analysis tool. The result is 

attained with complete set of metrics controlled in the projects and observes the software 
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development process consistent with requirements of every project. The information from 

analysis of the project code is integrated in the platform. A collaborative environment allocates 

the remote work for the verification engineers. The components are authorized through 

executing particular integration with external information sources presenting the static 

analysis metrics.  

 
QCScreen Called Software Tool for Data Quality Control 

QCScreen observes the predefined analytical features from liquid chromatography-high 

resolution mass spectrometry (LC-HRMS) data for easy-interpretable graphical overview of 

data quality. Data files with sample categories from one or multiple measurement sequences 

are chosen and examined by predefined features. QCScreen predicts the constancy and 

accuracy of chromatographic separation step, MS sensitivity, 𝑚/𝑧 value and mass accuracy 

(±ppm) over time. QCScreen was executed in Python programming language (v. 2.6) and 

employs Qt framework for graphical user interface (GUI), R Version 2.12 and SQlite for data 

management.  

QCScreen loads the centroided raw data in mzXML format. The GUI of software tool is 

mainly used for the selection of measurement sequences, sample type categories and features 

to describe the parameters, display settings and tolerance limits for parameters. For all 

features, QCScreen creates illustration of extracted ion chromatogram (EIC), retention time 

(tR), mass-to-charge ratio (m/z), mass accuracy and feature area across data files. With 

software development process, LC-HRMS data files are listed in comma separated value (csv) 

format. LC-HRMS raw data are centroided and changed to mzXML format with many 

opensource software tools.  Metabolomics includes many of biological samples with large 

number of data. The data are observed for plausibility before data assessment for putative 

sources of error. In LC-HRMS, metabolomics research is carried out with quality control 

checks for attaining the reliable and comparable results.  

 
Self-Adapting Reliability in Distributed Software Systems 

Iterative redundancy is used for self-adaption through automatically identifying when the 

resource reliability reduces. The redundancy is used for recognizing the unlucky parts of 

computation organized on many compromised resources and not depend on priori estimates 

of resource reliability. A computation is large issue addressed by Distributed Computation 

Architectures (DCA). A task is part of computation that executed independently of others. A job 

is an instance of task where the particular node performs. With redundancy, every task is 

executed as many identical jobs on many nodes. In DCA, task server breaks up the calculation 

into several tasks. The task server allocates the jobs to nodes in node pool where every node is 

selected at random. After responding to task server, node rejoins the node pool and allocates 

new job. DCA software system model accurately explains DCAs with BOINC family of 

volunteer-computing systems.  
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Performance Analysis of Software Quality Management Techniques 

In order to compare the software quality management using different techniques, size of 

software program code is taken to perform the experiment. Various parameters are used for 

software quality management. 

 
Software Reliability 

Software Reliability is the possibility of failure-free software operation for particular 

period of time in particular environment. Software Reliability is also a significant factor that 

affecting system reliability. The high complexity of software is a key contributing factor of 

software reliability issues. It is measured in terms of percentage (%). When the software 

reliability is higher, the method is said to be efficient. 

    Table 4.1 Tabulation of Software Reliability 

Table 4.1 explains the software 

reliability comparison for different size 

of software program code in the range 

of 10 to 100 KB. The software 

reliability comparison takes place on 

existing SonarQube framework, 

QCScreen and Distributed Computation 

Architectures (DCA) software system 

model. 

 

 

 

Fig.4.1 Measurement of Software Reliability 

Figure 4.1 describes the software reliability 

comparison of existing techniques.  As the size of 

software program code gets increased, software 

reliability gets increased automatically. The experiment 

shows that SonarQube framework has higher software 

reliability when compared with QCScreen and 

Distributed Computation Architectures (DCA) software 

system model. Research in SonarQube framework is 19 % and 10 % higher reliable when 

compared to QCScreen and Distributed Computation Architectures (DCA) software system 

model respectively. 

 
Service Provisioning Time 

Service provisioning time is defined as the amount of time taken for executing the software 

program codes to render the user requirements. Service provisioning time is the difference of 

ending time and starting time for executing the software program codes. It is measured in 

terms of milliseconds (ms). 

Size of 
software 
program 

code (KB) 

Software Reliability (%) 

Sonar Qube 
framework 

QCScreen 
DCA software 
system model 

10 78 61 69 
20 81 63 72 
30 83 65 74 
40 84 68 77 
50 87 70 79 
60 89 72 81 
70 91 75 83 
80 94 77 84 
90 95 81 86 

100 97 83 89 
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𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑃𝑟𝑜𝑣𝑖𝑠𝑖𝑜𝑛𝑖𝑛𝑔 𝑇𝑖𝑚𝑒

= 𝐸𝑛𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 − 𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑓or 𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑛𝑔 𝑡𝑒 𝑠𝑜𝑓𝑡𝑤𝑎𝑟𝑒 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 𝑐𝑜𝑑𝑒𝑠  

When the service provisioning time is lesser, the method is said to be efficient 

 
  Table 4.2 Tabulation of Service Provisioning Time 

Table 4.2 explains the service 

provisioning time comparison for 

different size of software program 

code in the range of 10 to 100 KB. 

The service provisioning time 

comparison takes place on existing 

SonarQube framework, QCScreen 

and Distributed Computation 

Architectures (DCA) software 

system model. 

 

 

 
Fig.4.2 Measurement of Service Provisioning Time 

Figure 4.2 describes the service provisioning 

time comparison of existing techniques. As the size 

of software program code gets increased, service 

provisioning time gets increased automatically. 

The experiment shows that Distributed 

Computation Architectures (DCA) software system 

model consumes lesser service provisioning time 

when compared with SonarQube framework and 

QCScreen. Research in Distributed Computation Architectures (DCA) software system model 

consumes 47 % and 27 % lesser service provisioning time when compared to SonarQube 

framework and QCScreen respectively. 

 
User Scalability 

User scalability is the ability of software to maintain the function while changing the size 

or volume of software program code (SPC) for meeting the user metric requirements. It is 

measured in terms of percentage (%). Scalability is mathematically formulated as given below, 

𝑆𝑐𝑎𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦  𝑚𝑠 = 𝑆𝑃𝐶 ∗   𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 𝑚𝑒𝑒𝑡𝑖𝑛𝑔 𝑡𝑒 𝑢𝑠𝑒𝑟 𝑚𝑒𝑡𝑟𝑖𝑐 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑠                

When the user scalability is higher, the method is said to be efficient. 

 

 

 

Size of software 
program code 

(KB) 

Service Provisioning Time (ms) 
SonarQube 
framework 

QCScreen 
DCA software 
system model 

10 24 19 13 

20 26 21 15 

30 29 23 18 

40 31 26 20 

50 33 29 23 

60 35 32 25 

70 37 34 28 

80 40 37 31 

90 42 39 33 

100 44 41 36 
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   Table 4.1 Tabulation of User Scalability 

Table 4.3 explains the user 

scalability comparison for different 

size of software program code in 

the range of 10 to 100 KB. The user 

scalability comparison takes place 

on existing SonarQube framework, 

QCScreen and Distributed 

Computation Architectures (DCA) 

software system model. 

 

 

Fig.4.3 Measurement of User Scalability 

Figure 4.3 explains the user scalability comparison 

of existing techniques.  When the size of software 

program code gets increased, user scalability also gets 

increased automatically. The experiment shows that 

QCScreen has higher scalability when compared with 

SonarQube framework and Distributed Computation 

Architectures (DCA) software system model. Research 

in QCScreen has 3.78% and 11.59% higher scalability when compared to SonarQube 

framework and Distributed Computation Architectures (DCA) software system model 

respectively. 

 
Discussion on Limitation of Software Quality Management Techniques 

Integrated metrics analyser module provides better functionality for SonarQube to join the 

analysis results with external analysis tools in presentation space. Integrated metrics analyser 

is a collaborative one to access many software projects depending on SonarQube framework. 

The integration metrics is modular one to modify the integration with external tool for code 

analysis. SonarQube framework failed to meet all the user requirements across different 

projects. QCScreen is open source software tool for easy data quality check of Liquid 

Chromatography-High Resolution Mass Spectrometry (LC-HRMS) derived data. QCScreen 

software process LC-HRMS datasets from metabolomics studies and distribute the tool for fast 

visual and descriptive assessment of fundamental data quality-related parameters in user-

defined target features. QCScreen allows the flexible study of selected feature parameter for 

assessing the data quality, and computes more sample types across different measurement 

sequences. QCScreen with an automated correction functions of time and precision remains 

unaddressed. 

Iterative redundancy method increases the software system reliability through 

automatically injecting the redundancy into system’s operation. Iterative redundancy 

Size of software 
program code 

(KB) 

User Scalability (%) 
SonarQube 
framework 

QCScreen 
DCA software  
system model 

10 72 75 65 
20 74 77 67 
30 76 80 69 
40 79 82 71 
50 81 83 73 
60 82 85 75 
70 84 87 77 
80 86 89 81 
90 88 92 84 

100 91 95 86 
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identifies when resource reliability reduces and when unlucky parts of computation happen to 

deploy on many compromised resources. The resources are used to iterative redundancy that 

guarantees to produce dependable version of software system for increasing the software 

reliability. Though, the process improves the latency of computations and cost during iterative 

redundancy. 

 
Related Works 

A set of quality attributes [8] including composability, deployability, stability, 

configurability and consistent user interface and dependability as properties was used in 

particular domains. As the quality attributes are identified, design decisions were described to 

facilitate ecosystem and guarantees the software quality assurance. However, one of the 

necessary aspects of software quality termed software reliability was not addressed with large 

number of test cases. With lesser release cycles, user’s waiting time gets reduced but the 

software quality remains a key problem. In [9], the evolution of Mozilla Firefox from 

traditional release model to rapid release model was examined for establishing the potential 

changes in field quality and bug fixing. The bugs were fixed faster with same amount of 

crashes fixed by the traditional and rapid release model guaranteeing high reliability on 

software quality.  

 
Future Works 

The future direction of the software quality management based on user metric 

requirements is to improve the reliability and scalability of software quality management. In 

addition, it also used to predict the software failures and reduces service provisioning tie for 

the software quality management. 

 
Conclusion 

The survey of different techniques for software quality management based on user metric 

requirements is carried out. In existing techniques, many risks are experienced while 

maintaining the software quality based on user metric requirements. From the survey, an 

essential factor such as reliability and scalability has to be enhanced for software quality 

management. The service provisioning time is comparatively high in existing techniques. The 

wide range of experiments on existing techniques calculates the comparative results of the 

various techniques of software quality management based on user metric requirements and 

its limitations. Finally from the result, the research work can be carried out to attain higher 

scalability rate with minimal service provisioning time. In addition, it also increases the 

reliability of software quality based on user metric requirements. 
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Abstract  

In this method underlying the survival random forest models. Survival analysis has become one of the major fields of 
modern biostatistics. Survival analysis is a collection of statistical procedures for the analysis of data in which the 
outcome variable of interest is time until an event occurs. By event, we mean death, disease incidence, relapse from 
remission, or any designated experience of interest that may happen to an individual. Survival random forest analysis is 
available in the R package "randomForestSRC". 

Keywords: Survival Analysis, Bio Statistics, Kaplan-Meier method, Survival tree. 

 

Introduction 

Survival analysis is a branch of statistics for analyzing the expected duration of time until 

one or more events happen, such as death in biological organisms and failure in mechanical 

systems. This topic is called reliability theory or reliability analysis in engineering, duration 

analysis or duration modelling in economics, and event history analysis in sociology. Survival 

analysis attempts to answer questions such as: what is the proportion of a population which 

will survive past a certain time? Of those that survive, at what rate will they die or fail? Can 

multiple causes of death or failure be taken into account? How do particular circumstances or 

characteristics increase or decrease the probability of survival? 

To answer such questions, it is necessary to define "lifetime". In the case of biological 

survival, death is unambiguous, but for mechanical reliability, failure may not be well-defined, 

for there may well be mechanical systems in which failure is partial, a matter of degree, or not 

otherwise localized in time. Even in biological problems, some events (for example, heart 

attack or other organ failure) may have the same ambiguity. The theory outlined below 

assumes well-defined events at specific times; other cases may be better treated by models 

which explicitly account for ambiguous events. 

More generally, survival analysis involves the modelling of time to event data; in this 

context, death or failure is considered an "event" in the survival analysis literature – 

traditionally only a single event occurs for each subject, after which the organism or 

mechanism is dead or broken. Recurring event or repeated event models relax that 

assumption. The study of recurring events is relevant in systems reliability, and in many areas 

of social sciences and medical research. Survival analysis has many applications such as risk 

analysis and computer networks 

Survival analysis is used in several ways: 

 To describe the survival times of members of a group  

 Life tables 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 87 

 Kaplan-Meier curves 

 Survival function 

 Hazard function 

 To compare the survival times of two or more groups  

 Log-rank test 

 To describe the effect of categorical or quantitative variables on survival  

 Cox proportional hazards regression 

 Parametric survival models 

 Survival trees 

 Survival random forests 

 
Definitions of common terms in survival analysis 

The following terms are commonly used in survival analyses. 

 Event: Death, disease occurrence, disease recurrence, recovery, or other experience of 

interest 

 Time: The time from the beginning of an observation period (such as surgery or beginning 

treatment) to (i) an event, or (ii) end of the study, or (iii) loss of contact or withdrawal 

from the study. 

 Censoring / Censored observation: If a subject does not have an event during the 

observation time, they are described as censored. The subject is censored in the sense that 

nothing is observed or known about that subject after the time of censoring. A censored 

subject may or may not have an event after the end of observation time. 

 Survival function S(t): The probability that a subject survives longer than time t. 

 

Example: Acute Myelogenous Leukemia survival data 

This example uses the Acute Myelogenous Leukemia survival data set "aml" from the 

"survival" package in R. The data set is from Miller (1997) The question at the time was 

whether the standard course of chemotherapy should be extended ('maintained') for 

additional cycles. 

The aml data set sorted by survival time is shown in the box. 

 Time is indicated by the variable "time", which is the survival or censoring time 

 Event (recurrence of aml cancer) is indicated by the variable "status". 0 = no event 

(censored), 1 = event (recurrence) 

 Treatment group: the variable "x" indicates if maintenance chemotherapy was given 

The last observation (11), at 161 weeks, is censored. Censoring indicates that the patient 

did not have an event (no recurrence of aml cancer). Another subject, observation 3, was 

censored at 13 weeks (indicated by status=0). This subject was only in the study for 13 weeks, 

and the aml cancer did not recur during those 13 weeks. It is possible that this patient was 

enrolled near the end of the study, so that they could only be observed for 13 weeks. It is also 

possible that the patient was enrolled early in the study, but was lost to follow up or withdrew 
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from the study. The table shows that other subjects were censored at 16, 28, and 45 weeks 

(observations 17, 6, and 9 with status=0). The remaining subjects all experienced events 

(recurrence of aml cancer) while in the study. The question of interest is whether recurrence 

occurs later in maintained patients than in non-maintained patients. 

Kaplan-Meier plot for the aml data 

The Survival function S(t), is the probability that a 

subject survives longer than time t. S(t) is theoretically a 

smooth curve, but it is usually estimated using the Kaplan-

Meier(KM) curve. The graph shows the KM plot for the aml 

data. 

 
Kaplan-Meier plot of AML survival data set 

The KM plot is interpreted as follows. 

 The x-axis is time, from zero (when observation began) to the last observed time point. 

 The y axis is the proportion of subjects surviving. At time zero, 100% of the subjects are 

alive without an event. 

 The solid line (similar to a staircase) shows the events. 

 A vertical drop indicates an event. In the aml table shown above, two subjects had events 

at 5 weeks, two had events at 8 weeks, one had an event at 9 weeks, and so on. These 

events at 5 weeks, 8 weeks and so on are indicated by the vertical drops in the KM plot at 

those time points. 

 At the far right end of the KM plot there is a tick mark at 161 weeks. The vertical tick mark 

indicates that a patient was censored at this time. In the aml data table five subjects were 

censored, at 13, 16, 28, 45 and 161 weeks. There are five tick marks in the KM plot, 

corresponding to these censored observations. 

 
Life table for the aml data 

A life table summarizes survival data in terms of the number of events and the proportion 

surviving at each event time point. The life table for the aml data, created using the R software, 

is shown. 

 

 

 

https://en.wikipedia.org/wiki/Kaplan%E2%80%93Meier_estimator
https://en.wikipedia.org/wiki/Kaplan%E2%80%93Meier_estimator
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Life table for the aml data 

The life table summarizes the events and 

the proportion surviving at each event time 

point. The columns in the life table have the 

following interpretation. 

 time gives the time points at which 

events occur. 

 n.risk is the number of subjects at risk 

immediately before the time point, t. Being "at 

risk" means that the subject has not had an 

event before time t, and is not censored before 

or at time t. 

 n.event is the number of subjects who have events at time t. 

 survival is the proportion surviving, as determined using the Kaplan-Meier product-limit 

estimate. 

 std.err is the standard error of the estimated survival. The standard error of the Kaplan-

Meier product-limit estimate at time it is calculated using Greenwood’s formula, and 

depends on the number at risk (n.risk in the table), the number of deaths (n.event in the 

table) and the proportion surviving (survival in the table). 

 lower 95% CI and upper 95% CI are the lower and upper 95% confidence bounds for the 

proportion surviving. 

 
Log-rank test: Testing for differences in survival in the aml data 

The logrank test compares the survival times of two or more groups. This example uses a 

logrank test for a difference in survival in the maintained versus non-maintained treatment 

groups in the aml data. The graph shows KM plots for the aml data broken out by treatment 

group, which is indicated by the variable "x" in the data. 

 
Kaplan-Meier graph by treatment group in aml 

The null hypothesis for a logrank test is that the groups 

have the same survival. The expected number of subjects 

surviving at each time point in each is adjusted for the number 

of subjects at risk in the groups at each event time. The logrank 

test determines if the observed number of events in each group 

is significantly different from the expected number. The formal 

test is based on a chi-squared statistic. When the log rank 

statistic is large, it is evidence for a difference in the survival 

times between the groups. The log rank statistic approximately 

has a chi-squared distribution with one degree of freedom, and the p-value is calculated using 

the chi-squared distribution. 

https://en.wikipedia.org/wiki/File:Life_table_for_the_aml_data.png
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The log rank test for difference in survival gives a p-value of p=0.0653, indicating that the 

treatment groups do not differ significantly in survival, assuming an alpha level of 0.05. The 

sample size of 23 subjects is modest, so there is little power to detect differences between the 

treatment groups. The chi-squared test is based on asymptotic approximation, so the p-value 

should be regarded with caution for small sample sizes. 

 
Cox proportional hazards (PH) regression analysis 

Kaplan-Meier curves and logrank tests are most useful when the predictor variable is 

categorical (e.g., drug vs. placebo), or takes a small number of values (e.g., drug doses 0, 20, 50, 

and 100 mg/day) that can be treated as categorical. The logrank test and K-M curves don’t 

work easily with quantitative predictors such as gene expression, white blood count, or age. 

For quantitative predictor variables, an alternative method is Cox proportional hazards 

regression analysis. Cox PH models[3] work also with categorical predictor variables, which are 

encoded as {0,1} indicator or dummy variables. The logrank test is a special case of a Cox PH 

analysis, and can be performed using Cox PH software. 

 
Example: Cox proportional hazards regression analysis for melanoma 

This example uses the melanoma data set from Dalgaard Chapter 12. [4] 

Data are in the R package ISwR. The Cox proportional hazards regression using R gives the 

results shown in the box. 

Cox proportional hazards regression output 

for melanoma data. Predictor variable is sex 1: 

female, 2: male. 

The Cox regression results are interpreted as 

follows. 

 Sex is encoded as a numeric vector. 1: female, 2: male. The R summary for the cox model 

gives the hazard ratio (HR) for the second group relative to the first group, that is, male 

versus female. 

 coef= 0.662 is the estimated logarithm of the hazard ratio for males versus females. 

 exp(coef) = 1.94 = exp(0.662) The log of the hazard ratio (coef= 0.662) is transformed to 

the hazard ratio using exp(coef). The summary for the Cox model gives the hazard ratio for 

the second group relative to the first group, that is, male versus female. The estimated 

hazard ratio = 1.94 indicates that males have higher risk of death (lower survival rates) 

than females, in these data. 

 se(coef) = 0.265 is the standard error of the log hazard ratio. 

 z = 2.5 = coef/se(coef) = 0.662/0.265. Dividing the coef by its standard error gives the z 

score: 

 p=0.013. The p-value corresponding to z=2.5 for sex is p=0.013, indicating that there is a 

significant difference in survival as a function of sex. 

https://en.wikipedia.org/wiki/Survival_analysis#cite_note-3
https://en.wikipedia.org/wiki/Survival_analysis#cite_note-Dalgaard2008-4
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The summary output also gives upper and lower 95% confidence intervals for the hazard 

ratio, lower 95% bound = 1.15, upper 95% bound = 3.26. 

Finally, the output gives p-values for three alternative tests for overall significance of the 

model: 

 Likelihood ratio test= 6.15 on 1 df, p=0.0131 

 Wald test = 6.24 on 1 df, p=0.0125 

 Score (logrank) test = 6.47 on 1 df, p=0.0110 

These three methods are asymptotically equivalent. For large enough N, they will give 

similar results. For small N, they may differ somewhat. The last row, "Score (logrank) test" is 

the result for the logrank test, with p=0.011, the same result as the logrank test, because the 

logrank test is a special case of a Cox PH regression. The Likelihood ratio test has better 

behavior for small sample sizes, so it is generally preferred. 

 
Cox model using a covariate in the melanoma data 

The Cox model extends the logrank test by allowing the inclusion of additional covariates. 

This example use the melanom data set where the predictor variables include a continuous 

covariate, the thickness of the tumor (variable name = “thick”) 

Histograms of melanoma tumor 

thickness 

In the histograms, the thickness 

values don’t look normally distributed. 

Regression models, including the Cox 

model, generally give more reliable 

results with normally-distributed variables. For this example use a log transform. The log of 

the thickness of the tumor looks to be more normally distributed, so the Cox models will use 

log thickness. The Cox PH analysis gives the results in the box. 

 
Cox PH output for melanoma data set with covariate log tumor thickness 

The p-value for all three overall tests (likelihood, Wald, 

and score) are significant, indicating that the model is 

significant. The p-value for log(thick) is 6.9e-07, with a 

hazard ratio HR = exp(coef) = 2.18, indicating a strong 

relationship between the thickness of the tumor and 

increased risk of death. 

By contrast, the p-value for sex is now p=0.088. The hazard ratio HR = exp(coef) = 1.58, 

with a 95% confidence interval of 0.934 to 2.68. Because the confidence interval for HR 

includes 1, these results indicate that sex makes a smaller contribution to the difference in the 

HR after controlling for the thickness of the tumor, and only trend toward significance. 

Examination of graphs of log(thickness) by sex and a t-test of log(thickness) by sex both 
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indicate that there is a significant difference between men and women in the thickness of the 

tumor when they first see the clinician. 

The Cox model assumes that the hazards are proportional. The proportional hazard 

assumption may be tested using the R function cox.zph(). A p-value is less than 0.05 indicates 

that the hazards are not proportional. For the melanoma data, p=0.222, indicating that the 

hazards are, at least approximately, proportional. Additional tests and graphs for examining a 

Cox model are described in the textbooks cited. 

 
Extensions to Cox models 

Cox models can be extended to deal with variations on the simple analysis. 

 Stratification. The subjects can be divided into strata, where subjects within a stratum are 

expected to be relatively more similar to each other than to randomly chosen subjects 

from other strata. The regression parameters are assumed to be the same across the 

strata, but a different baseline hazard may exist for each stratum. Stratification is useful for 

analyses using matched subjects, for dealing with patient subsets, such as different clinics, 

and for dealing with violations of the proportional hazard assumption. 

 Time-varying covariates. Some variables, such as gender and treatment group, generally 

stay the same in a clinical trial. Other clinical variables, such as serum protein levels or 

dose of concomitant medications may change over the course of a study. Cox models may 

be extended for such time-varying covariates. 

 
Tree-structured survival models 

The Cox PH regression model is a linear model. It is similar to linear regression and logistic 

regression. Specifically, these methods assume that a single line, curve, plane, or surface is 

sufficient to separate groups (alive, dead) or to estimate a quantitative response (survival 

time). 

In some cases alternative partitions give more accurate classification or quantitative 

estimates. One set of alternative methods are tree-structured survival models, including 

survival random forests. Tree-structured survival models may give more accurate predictions 

than Cox models. Examining both types of models for a given data set is a reasonable strategy. 

 
Example survival tree analysis 

This example of a survival tree analysis uses the R package "rpart". The example is based 

on 146 stage C prostate cancer patients in the data set stagec in rpart. Rpart and the stagec 

example are described in the PDF document "An Introduction to Recursive Partitioning Using 

the RPART Routines". Terry M. Therneau, Elizabeth J. Atkinson, Mayo Foundation. September 

3, 1997. The variables in stagec are: 

 pgtime time to progression, or last follow-up free of progression 

 pgstat status at last follow-up (1=progressed, 0=censored) 

 age age at diagnosis 
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 eet early endocrine therapy (1=no, 0=yes) 

 ploidy diploid/tetraploid/aneuploid DNA pattern 

 g2 % of cells in G2 phase 

 grade tumor grade (1-4) 

 gleason Gleason grade (3-10) 

The survival tree produced by the analysis is shown in the figure. 

Survival tree for prostate cancer data set 

Each branch in the tree indicates a split on the 

value of a variable. For example, the root of the tree 

splits subjects with grade < 2.5 versus subjects with 

grade 2.5 or greater. The terminal nodes indicate 

the number of subjects in the node, the number of 

subjects who have events, and the relative event 

rate compared to the root. In the node on the far 

left, the values 1/33 indicate that 1 of the 33 

subjects in the node had an event, and that the relative event rate is 0.122. In the node on the 

far right bottom, the values 11/15 indicate that 11 of 15 subjects in the node had an event, and 

the relative event rate is 2.7. 

 
Survival random forests 

An alternative to building a single survival tree is to build many survival trees, where each 

tree is constructed using a sample of the data, and average the trees to predict survival. This is 

the method underlying the survival random forest models. Survival random forest analysis is 

available in the R package "randomForestSRC". 

The randomForestSRC package includes an example survival random forest analysis using 

the data set pbc. This data is from the Mayo Clinic Primary Biliary Cirrhosis (PBC) trial of the 

liver conducted between 1974 and 1984. In the example, the random forest survival model 

gives more accurate predictions of survival than the Cox PH model. The prediction errors are 

estimated by bootstrap re-sampling. 
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Abstract 

 Bioinformatics is an emerging field with the development of automated high-throughput methods of biological and 
biochemical information and statistical analysis of experimental data. Bioinformatics is the application of computational 
techniques to analyze theinformation associated with biomolecules on a large-scale, molecular biology, and encompasses 
a wide range of subject areas from structural biology, proteomics,and genomics to gene expression studies. In this review 
we provide an overview of biological information, algorithms and databases that are commonly used for experimental 
analysis.  

Keywords: Databases, Algorithms, Sequence analysis 

 

Introduction 

 Bioinformatics is an inter-disciplinary field that develops methods and software tools for 

understanding biological data. The term” bioinformatics” was introduced by Paulien Hogweg 

and Ben Hesper in 1970.“Margaret Oakley Dayhoff” is called as the Mother of Bioinformatics. It 

involves analysis of biological information using computer databases and statistical 

algorithms. The central challenge of bioinformatics is the rationalization of the mass of 

sequence information, with a view not only to derive more efficient means of data storage, but 

also to design more incisive analysis tools. The imperative that derives this analytical process 

is the need to convert sequence information into biochemical and biophysical knowledge; to 

decipher the structural, functional and evolutionary clues encoded in the language of 

biological sequences[6]. 

 The field of bioinformatics has evolved such that the most pressing task now involves the 

analysis and interpretation of various types of data. This includes nucleotide and aminoacid 

sequences, protein domains and protein structures. This process of analyzing and interpreting 

data is referred to as computational biology. The important sub-disciplines within 

bioinformatics include: 

 Development and implementation of computer programs that enable efficient access to, 

use and management of various types of information. 

 Development of new algorithms (mathematical formulas) and statistical measures that 

access relationship among members of large data sets.For example, there are methods to 

locate a gene within a sequence,to predict protein structure and/or function,and to cluster 

protein sequences into families of related sequences. 

 Bioinformatics now entails the creation and advancement of databases, algorithms, 

computational and statistical techniques, and theory to solve formal and practical problems 

arising from the management and analysis of biological data. Analyzing biological data to 
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produce meaningful information involves writing and running software programs that use 

algorithms from graph theory, artificial intelligence soft computing, data mining, and image 

processing and computer stimulation. The algorithms in turn depend on theoretical 

foundations such as discrete mathematics,control theory,system theory, information theory 

and statistics. 

 
Bioinformatic databases 

 Biological databases offer access to a wide variety of biological data and play a central role 

in informatics. A biological database is a collection of data that is organized so that its content 

can be easily accessed, managed and updated. Biological databases are libraries of life science 

information, collected from scientificexperiments, published literature, high throughput 

experiment technology and computational analysis.  

 
Types of Databases 

Sequence databases 

 Nucleotide and protein sequence databases represent the most widely used and some of 

the best established databases.These databases serve as repositories for wet lab results and 

the primary source for experimental results.Major public data banks which takes care of DNA 

and protein sequences are GenBank in USA, EMBL (European Molecular Biology Laboratory) 

in Europe and DDBJ (DNA Data Bank of Japan)[1]. 

GenBank  

GenBank is a public repository of nucleotide sequence provided by NCBI. 

EMBL 

 EMBL (European Molecular Biology Laboratory) is a nucleotide sequence database which 

constitutes Europe’s primary nucleotide sequence resource. Main sources for DNA and RNA 

sequences are direct submissions from individual researchers, genome sequencing projects 

and patent applications. 

DDBJ 

 DNA Data Bank of Japan is a biological database that collects DNA sequence submitted by 

researchers. It is run by the National Institute of Genetics, Japan. 

 
Protein databases 

PDB 

The PDB is a primary protein structural database. It accepts only experimentally 

determined structures of protein, nucleic acids, and complex assemblies like X-ray 

crystallography, Nuclear Magnetic Resonance (NMR), electron microscopy. As a member of the 

wwPDB, the RCSB PDB curates and annotates PDB Data according to agree upon standards.It 

can be accessed under www.rcsb.org/pdb. ADIT (Auto Dep Input Tool) acts as a depositing 

system for PDB. Information can be retrieved using PDB search lite.PDB ID contain four letter 

code which is alphanumeric and the first letter must always be a number.   eg:3Z14 

http://www.rcsb.org/pdb
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SCOP 

The Structural Classification of Protein (SCOP) is a secondary database. It provides a 

detailed and comprehensive description of the relationship of known protein structures. In 

SCOP the protein structures are classified as family, super-family, fold level, and class level and 

muti-domain family based upon the similarity between protein sequences. 

Pfam 

The Pfam database is a large collection of protein families, each represented by multiple 

sequence alignments. 

PIR 

The Universal Protein Resources (Uniprot) provides the scientific community with a 

single, centralized, authoritative resource for protein sequences and functional information. 

Swissprot-TrEMBL 

The European Bioinformatics Institute collaborating with SWISS PROT, introduced the 

TrEMBL (Translation of Embl nucleotide sequence database). It is a curated protein sequence 

database which provides a high level of annotation (such as the description of the function of a 

protein, its domain structure, post translational modifications, variants, etc.) with minimal 

level of redundancy and high level of integration with other databases. 

Uniprot 

UniProt database provides the scientific community with a comprehensive, high-quality 

and freely accessible resource of protein sequence and functional information.UniProt is 

organized into three layers: UniProt Archieve, UniProt Knowledge and UniProt reference 

cluster database. 

 
RNA Databases 

Comparative RNA Database 

The Comparative RNA Web (CRW) site disseminates information about RNA structure and 

evolution that has been determined using comparative sequence analysis. 

Genomic TRNA Database 

It consists of t-RNA gene predictions made by the program t-RNAscan-SE on complete or 

nearly complete genomes.Some of the other RNA databases are European rRNAdatabase, 

miRNA database, ASRP, 16S rRNA database, 5S rRNA database, Hollywood(a RNA splicing 

database containing data for splicing orthologous genes in different species) 

 
Genome Databases 

Ensembl GENOME 

Ensembl is a repository of stable automatically annotated human genome 

database.Ensembl annotates and predict new genes,with annotation from the Inter Pro protein 

family databases and with additional from the databases of genetic diseases- OMIM, 

expression- SAGE and gene family. 
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SGD 

SGD provides comprehensive integrated biological information or the budding yeast 

Saccharomyces cerevisiae along with search and analysis tools to explore these data, enabling 

the discovery of functional relationship between sequence and gene products in fungi and 

higher organisms. 

 
Species Specific Databases 

CMR 

The Comprehensive Microbial Resource (CMR) is a free website used to display 

information on all the publically available,complete prokaryotic genomes.Some of the 

sequence specific databases are Mouse Genome Informatics, Vector DB, NAGRP Pig, Vector DB, 

Saccharomyces Genome Database, Intronless Gene Database, FlyBase, Rat Genome Database, 

Maize Database, Yeast Intron Database etc. 

 
Specialized Databases 

Some of the specialized databases are Q-PCR Primer Database,HIV Sequence Database, 

UniGene, Cancer Databases(like ITTACA, Tumor gene family database, Oral cancer gene 

database).Some of the enzyme databases are PRECISE (Predicted and Consensus Interaction 

Sites in Enzyme), TECRdb (Thermodynamics of enzyme-catalyzed reactions), CSA (Catalytic 

Site Atlas). 

 
Sequence Alignment Methods 

Pairwise Sequence Alignment is used to identify regions of similarity, indicating 

functional, structural and evolutionary relationships between two biological sequences 

(protein or nucleic acid). 

Multiple Sequence Alignment (MSA) is the alignment of three or more biological 

sequences of similar length. From the output of MSA applications, homology can be inferred 

and the evolutionary relationship between the sequences studied. 

Global Alignment Tools create an end-to-end alignment of the sequences to be aligned. 

There are separate forms for protein or nucleotide sequences.EMBOSS Needle creates an 

optimal global alignment of two sequences using the Needleman-Wunsch algorithm. 

Local Alignment Tools find one, or more, alignments describing the most similar 

region(s) within the sequences to be aligned. There are separate forms for protein or 

nucleotide sequences.The Smith-Waterman algorithm (modified for speed enhancements) was 

used to calculate the local alignment oftwo sequences.Matcher identifies local similarities 

between two sequences using a rigorous algorithm based on the LALIGN application. LALIGN 

finds internal duplications by calculating non-intersecting local alignments of protein or DNA 

sequences. 

Genomic Alignment Tools concentrate on DNA (or to DNA) alignments while accounting 

for characteristics present in genomic data.Wise2DBA (DNA Block Aligner) aligns two 
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sequences under the assumption that the sequences share a number of collinear blocks of 

conservation separated by potentially large and varied lengths of DNA in the two sequences.  

 
Tools and Algorithms Used in Bioinformatics 

Various analyzing tools, computer algorithms and computer programs are used for 

analyzing sequence similarities. Sequence alignment is done in two methods to infer the 

characteristic feature of sequences based on their matches and mis-matches.Two significant 

methods of sequence alignment include local sequence alignment and global sequence 

alignment which is done using “SMITH-WATERMAN Algorithm” and “NEEDLEMAN-WUNSCH 

Algorithm” respectively. EMBOSS (European Molecular Biology Operation Software) is the 

most widely used global program for both nucleic acid and protein sequences.[3] 

Scoring matrices are also used as similarity searching tool. It refers to the matrix 

containing amino acid frequency values to calculate optimal similarity score during sequence 

alignment. Some of the scoring matrices are Nucleic acid matrix (eg: Nuc44) and Protein 

Matrices (eg: BLOSUM and PAM). BLOSUM (BLOcks Substitution Matrix) was introduced by 

Henikoff et al., in 1990.In BLOSUM matrix conserved sequences in a protein are represented as 

blocks and score value is based on these blocks. PAM(Point/Percent Accepted Mutation) was 

introduced by Dr,Margarette Dayhoff in 1978 which was used in phylogenetic analysis. 

CHOU-FASMAN Algorithm is one the significant algorithms used in secondary structure 

prediction.The probability of occurrence of each aminoacid in a protein can be predicted 

accurately using this algorithm.Some of the computer programming like Dot-Matrix, K-tuple 

method and Dynamic Programming are used along with these algorithms for analyzing protein 

domain, active –site of protein, comparative studybetween different species and phylogenetic 

analysis.[5] 

 
Applications of Bioinformatics 

Bioinformatics is being used in fields like microbial genome analysis, re-sequencing, 

comparative analysis, evolutionary studies, antibiotic resistance, waste cleanup, 

biotechnology, molecular medicine, personalized medicine, preventative medicine, gene 

therapy, alternative energy sources, crop improvement, forensic analysis, bio-weapon 

creation, insect resistance, improve nutritional quality development of drought resistant 

varieties, vertinary sciences etc. 

In genome assembly, contaminants in samples, PCR artefacts (eg. Chimeras and 

Mutations), Sequencing errors such as “Homopolymer” errors – when eg. 2+ run of same 

base.MID’s (multiplex indexes), primers/adapters still in the raw reads, polyploid genomes 

can be determined.[4] 

Bioinformatics plays a significant role in drug development to explore the causes of 

diseases at the molecular level make use of computer techniques (data mining, machine 

learning etc.), to analyze and interpret data faster and accurate results can be obtained. 
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Bioinformatics tools helps to reduce the cost and time of drug discovery and explain the 

phenomena of the diseases on thegene/pathway level. 

 
Conclusion 

In this review, we provided an introduction and overview of the biological information, 

algorithms and databases that are used for experimental analysis.. In particular, we discussed 

the types of biological information and databases that are used to examine the biological 

sequences, protein structures and statistical evaluation and finally looked at several practical 

applications. These approaches are used to understand and organize the information 

associated with biological molecules on a large scale. As a result, bioinformatics has not only 

provided greater depth to biological investigations, but added the dimension of breadth as 

well. 
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Abstract 

Diabetes Mellitus (DM) is a metabolic diseases group where the person will have high blood sugar due to the pancreas 
unable to produce sufficient insulin or the cell’s which are not responding to the insulin produced. Diabetes is a perpetual 
disease and a major public health challenge worldwide. The major hitch is that there is lack of awareness of the people on 
eating habits. Due to this reason, diabetes patient counts have increased steadily in our country. So, there is an raise in 
interest by diverse researchers to set up a medical system which can screen a large number of people for life threatening 
disease such as retinal disorder, cardio vascular disease in diabetic patients. For the diagnosis, prognosis and managing 
diabetes several data mining and machine learning methods have been used. An effective machine learning algorithm is 
proposed in this work for the classification of type DM patients. This machine learning algorithm used for classification 
will find the optimal hyper-plane which divides the various classes. The classification accuracy is achieved for classifying 
the diabetes patients by using this machine learning algorithm. 

 
Introduction 

Diabetes Mellitus (DM) is a collection of metabolic infections in which a human being has 

elevated blood sugar, either for the reason that the pancreas does not generate sufficient 

insulin, or because cells don’t react to the insulin that is generated. This elevated blood sugar 

makes the conventional signs of polyuria (regular urination), polydipsia (increased need for 

liquids) and polyphagia (increased starvation). DM includes three major categories, “Type I 

DM”, as a consequence of the human bodies malfunction to generate insulin, and necessitates 

the individual to insert insulin or carry an insulin pump. This category was previously 

indicated as “Insulin-Dependent Diabetes Mellitus” (IDDM). The second category of DM is 

recognized as “Type II DM” as a consequence of insulin confrontation, a situation in which cells 

are ineffective to exploit insulin appropriately, occasionally merged with an absolute insulin 

insufficiency. This category also called as “Non Insulin Dependent Diabetes Mellitus” (NIDDM) 

or “adult-onset diabetes”. At last, “gestational diabetes” takes place when conceived women 

without an earlier 

Diagnosis of diabetes increase high blood glucose intensity; it possibly will lead to 

development of type I DM. Gestational diabetes mellitus (GDM) is characterized by 

carbohydrate intolerance of varying severity with onset or first recognition during pregnancy. 

Women with a history of GDM are at increased risk of future diabetes, predominantly type-2 

diabetes, as are their children. The extent of this risk depends on diagnostic criteria used to 

identify GDM. 
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All DM types will be common in something. Generally, our bodies will break down into 

carbohydrates and sugar which eats into specific sugar is known as glucose. This glucose will 

stimulate the cells in the body. But these cells require insulin for taking in the glucose and for 

energy. Every DM type will treatable because insulin was available in 1921. Types I and II are 

chronic conditions which are unable to cure. In type I DM, pancreas transplants are tried with 

the limited success, gastric bypass has been successful in several ways. The DM which is 

untreated will cause several problems. The complications which include diabetic ketoacidosis 

and non ketotichyperosmolarcoma are acute. Series long term complications include 

cardiocascular disease, chronic renal failure, and diabetic retinopathy. So, frequent treatment 

of the disease is very important in the present situation such as stopping the smoking and 

maintaining the healthy body weight. Because the cells will not take in the glucose, it starts to 

create in our blood. High blood glucose will damage the small vessels of blood in our heart, 

kidneys, eyes or nervous system. Due to these causes, DM will cause the heart disease, kidney 

disease, stroke, nerve damage and blindness. To avoid this type of causes, early detection of 

the DM is required with effective method. So, the main aim of this work is to develop a 

classification algorithm for DM diagnosis and treatment using a machine learning approach. 

Classification is one of the most important decision making techniques in many real world 

problem. Bassamet al (2013) build classification models and tools for diabetes, hypertension 

andcomorbidity using machine-learning algorithms. In this work, the main objective is to 

classify the data as diabetic or non diabetic and improve the classification accuracy. For many 

classification problem, the higher number of samples chosen but it doesn’t leads to higher 

classification accuracy. In many cases, the performance of algorithm is high in the context of 

speed but the accuracy of data classification is low. The main objective of our model is to 

achieve high accuracy. Classification accuracy can be increase if we use much of the data set 

for training and few data sets for testing. This survey has analyzed various classification 

techniques for classification of diabetic and non diabetic data. 

 
Literature Review 

Rian Budi Lukmanto etal. This paper has proposed the application of computational 

intelligence by using fuzzy logic that perform detection of diabetes mellitus (DM). This 

proposed method is based on the knowledge acquisition process. An accuracy of 87.46% is 

obtained by the method. 

Cheng-Hsiung Weng et al.. In this paper Different types of neural network classifiers are 

used for disease prediction. First we compare the performance of single neural network with 

classifier with multiple neural network with authentic data set. Secondly use statistical testing 

to investigate the difference in performance among these classifiers. Multiple neural network 

should be better than single neural network. 

Kamadi V.S.R.P. Varmaet al. This paper developing a decision tree model to predict the 

occurrence of diabetes disease. Much better decision rules can be identified from the data set 

with the use of the fuzzy decision boundaries. The modified Gini index-Gaussian fuzzy decision 
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tree algorithm is proposed. This algorithm outperforms other decision tree algorithms. 

Bum Ju Lee et al. This study aims to predict the fasting plasma glucose (FPG) status that is 

used in the diagnosis of diabetes. In this paper compared the 2 machine learning algorithms. 

That is logistic regression and naive Bayes. Naive Bayes shows better result as compare to 

logistic regression. 

Longfei HanPhyo Phyo et al. In this paper, present an ensemble learning approach for 

rule extraction from SVM, which uses Random Forest (RF) technique to develop an affordable 

and feasible rules for diagnosis of diabetes. The proposed method generates average precision 

94.2% and average recall 93.9% for all classes. 

Kandhasamy et al. The main aim of this study is to compare the performance of 

algorithms those are used to predict diabetes using data mining technique. In this paper we 

compare machine learning classifiers J48 Decision Tree, K-Nearest Neighbors, and Random 

Forest, Support Vector Machines) to classify patients with diabetes mellitus. 

Carpenter and Markuzon et.al. [12] implemented an instance counting algorithm 

ARTMAP-IC (Adaptive resonance theory match tracking algorithm) and obtained an accuracy 

of 81% to test set .Conventional (one training and one test) validation method has been used 

by them. ARTMAP-IC modifies the ARTMAP search algorithm to allow the network to encode 

inconsistent cases, and it combines both instance counting during training with distributed 

category representation during testing to obtain probabilistic predictions, even with fast 

learning and only one training epoch. The ARTMAP algorithm, control predictive errors. A new 

version facilitates prediction with sparse or inconsistent data. When original match tracking 

algorithm is compared with the new algorithm, it provides better approximates the realtime 

network differential equations and also reduces memory without any loss of performance. 

Predictive accuracy is estimated by simulations on four medical databases: Pima Indian 

diabetes, breast cancer, heart disease, and gall bladder removal. ARTMAP-IC results are similar 

to or better than those of logistic regression, K nearest neighbor (KNN), the ADAP perceptron, 

multisurface pattern separation, CLASSIT, instance-based (IBL), and C4. 

Polat and Gunes et.al. [13] Discussing using principal component analysis (PCA) and 

adaptive neuro-fuzzy inference system (ANFIS). The aim of this study is to bring an 

improvement in the diagnostic accuracy of diabetes disease combining PCA and ANFIS. The 

proposed system has two stages. In the first stage, dimension of diabetes disease dataset that 

has 8 features, is minimized to 4 features with the usage of principal component analysis. In 

the second stage, diagnosis of diabetes disease is carried out via adaptive neuro -fuzzy 

inference system classifier. The dataset used in our study is taken from the UCI (from 

Department of Information and Computer Science, University of California) Machine Learning 

Database. The obtained classification accuracy of system was 89.47% and it was very 

promising as compared to the other classification applications. 

Yue Huang [14] discussing feature selection technique, feature selection via supervised 

model construction (FSSMC), was used to identify the important attributes affecting diabetic 

control. After selection of suitable features, three complementary classification techniques 
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(Naive Bayes, IB1 and C4.5) were applied to the data in order to predict how well the 

condition of patient was controlled. FSSMC identified patients’ ‘age’, ‘diagnosis duration’, the 

need for ‘insulin treatment’, ‘random blood glucose’ measurement and ‘diet treatment’ as the 

most important factors which influence blood glucose control. With the usage of this 

technique, the best predictive accuracy of 95% and sensitivity of 98% was achieved. The 

factors, like ‘type of care’ delivered, the use of ‘home monitoring’, and the importance of 

‘smoking ‘are not so much important in diabetes control. The more important factors that are 

identified include: ‘age of patients’, ‘diagnosis duration’ and ‘family history’, which are beyond 

the control of physicians. 

Kemal Polat et.al. [15] Discussing Generalized Discriminant Analysis (GDA) and Least 

Square Support Vector Machine (LS-SVM) for diagnosis of diabetes disease. Also, proposed a 

new cascade learning system based on Generalized Discriminant Analysis and Least Square 

Support Vector Machine. The proposed system includes two stages. The first stage, they used 

Generalized Discriminant Analysis to discriminant feature variables between healthy and 

patient (diabetes) data as pre-processing step. The second stage, they used LS-SVM for 

classification of diabetes dataset. While LS-SVM obtained 78.21% classification accuracy using 

10-fold cross validation, the proposed system called GDA-LS-SVM obtained 82.05% 

classification accuracy using 10-fold cross validation and it is very promising compared to the 

previously reported classification techniques. 

Hasan Temurtas [16] a multilayer neural network structure, trained by Levenberg-

Marquardt (LM) algorithm and a probabilistic neural network structure were used. The results 

of the study were compared with the results of the previous studies that also focused on 

diabetes disease diagnosis and by using the same UCI machine learning database obtains 

79.62% accuracy. The classification accuracy of MLNN with LM obtained by this study using 

correct training was comparatively better than those obtained by other studies except the 

classification accuracies by Polat and Gunes. 

Santi Wulan et.al. [17] Implemented MKS-SSVM technique to improve accuracy of the 

result has been developed by many researchers. It is called Multiple Knot Spline SSVM (MKS-

SSVM).Implement an experiment on Pima Indian diabetes dataset to evaluate the effectiveness 

of our method. The accuracy of previous results of this data is still below 80% using SSVM that 

is smooth support vector machine. Then, the proposed MKS-SSVM showed better performance 

in classifying diabetes disease diagnosis with accuracy of 93.2% which is better than previous 

reported results. 

Hasan Temurtas [18] a multilayer neural network structure, trained by Levenberg-

Marquardt (LM) algorithm and a probabilistic neural network structure were used. The results 

of the study were compared with the results of the previous studies that also focused on 

diabetes disease diagnosis and by using the same UCI machine learning database obtains 

79.62% accuracy. The classification accuracy of MLNN with LM obtained by this study using 

correct training was comparatively better than those obtained by other studies except the 

classification accuracies by Polat and Gunes. 
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Santi Wulan [19] implemented MKS-SSVM technique to improve accuracy of the result 

has been developed by many researchers. It is called Multiple Knot Spline SSVM (MKS-

SSVM).Implement an experiment on Pima Indian diabetes dataset to evaluate the effectiveness 

of our method. The accuracy of previous results of this data is still below 80% using SSVM that 

is smooth support vector machine. Then, the proposed MKS-SSVM showed better performance 

in classifying diabetes disease diagnosis with accuracy of 93.2% which is better than previous 

reported results. 

Santi Wulan Purnami et.al. [20] Presents a novel method for diabetes disease diagnosis 

using modified spline smooth support vector machine (MS-SSVM) to obtain optimal accuracy 

results, firstly uniform Design method was used for selection of most relevant features. The 

performance of this method is evaluated using 10-fold cross validation accuracy, confusion 

matrix. The obtained classification accuracy using 10-fold cross validation is 96.58% in 

comparison with other spline SSVM technique. The results of this study showed that the 

modified spline SSVM was effective to detect diabetes disease diagnosis and this is very 

promising result compared to the previously reported results. 

Muhammad Waqar Aslam et.al [21] implemented genetic programming (GP) and a 

variation of genetic programming called GP with comparative partner selection (CPS) for 

detection of diabetes. The proposed system includes two stages. In first stage, genetic 

programming is used to produce an individual from training data that converts the available 

features to a single feature such that it has different values for healthy and patient (diabetes) 

data. In the second stage, test data is used for testing of that individual features. The proposed 

system was able to achieve78.5±2.2% accuracy. The results showed that GP based classifier 

perform better in the diagnosis of diabetes disease. 

Nahla H. Barakat et.al [22] support vector machines (SVMs) are proposed for the 

diagnosis of diabetes. In this, they used an explanation module, which is called as "black box" 

model of an SVM which we used for diagnostic (classification) decision. Results obtained on 

diabetes dataset by using “black box” shows that it is a promising tool that is provided by 

intelligible SVM’s for the prediction of diabetes, with prediction accuracy of 94%, sensitivity of 

93%, and specificity of 94%. Future work is to conduct a prospective study to further refine 

the predictive results obtained by the proposed rules. 

 
Problems and directions 

During the last twenty years the prevalence of diabetes has increased dramatically in 

many parts of the world and the disease is now a worldwide public health problem. The 

regular treatment for the disease is a vital important by maintaining the healthy body weight 

as well as controlling the blood pressure and lifestyle factors such as smoking, etc., Identifying 

the diabetes at early stage is an important factor because it will lead to damage the tiny blood 

vessels in your kidneys, heart, eyes or nervous system. So, an effective method is needed for 

classifying the diabetes and non diabetes patient quickly.  
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A classification model and risk assessment tools will provide a solution for diabetes, 

hypertension by approach of machine learning. An effective classification algorithm is 

developed for DM diagnosis and treatment. 

 
Conclusion 

Detection of diabetes in its early stages is the key for treatment. To predict diabetes levels, 

this work has described a machine learning approach. This survey has taken various 

classification methods and ensemble them to give the new model in the search of finding the 

better result in terms of accuracy, specificity and sensitivity. The diabetes diagnosis problem is 

investigated in this research by the performance. Additionally, the works will be extended for 

diabetes conclusion by accumulating the information from numerous locales across the world 

and provide the more precise and general prescient model. For effective diabetes diagnosis, 

the performance can be studied by different parameters. Further the automation of diabetes 

analysis can be enhanced by extending this work. 
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Abstract 

 Bioinformatics is now intrinsic to life science research, but the past decade has witnessed a continuing deficiency in 
this essential expertise. Databases are crucial for management of bioinformatics research and tools. Today, bioinformatics 
as a multidisciplinary field is involved in various aspects of our lives from healthcare to manufacturing. Bioinformatics is 
practised worldwide by biotechnologists to access various databases for research and to exchange information for 
comparison, confirmation, storage and analysis. As on date, there are a number of databases on specific genes and 
proteins pertaining to human, animals, plants, bacteria, and other life forms. These are being enriched and updated 
through research in modern biology with the practice of bioinformatics. These databases help in new inventions in 
biotechnology that are useful to mankind. Bioinformatics is enabling life sciences to invent novel drug discovery as well as 
drug delivery systems for greater progress in the field of biotechnology. 

Keywords: Bioinformatics, science, genome, proteomics.  

 
Introduction  

 Bioinformatics, this can be defined as the application of computational tools to organize, 

analyse, understand, visualize and store information associated with biological 

macromolecules. The bioinformatics and genomics from three perspectives, the cell and the 

central dogma of molecular biology. The organism, which shows changes between the 

different stages of development and regions of the body. Finally, the author emphasizes a 

global perspective. The tree of life, in which millions of species are grouped into three 

evolutionary branches (Diniz and Canduri 2017). 

 Bioinformatics skills have become intrinsic to life science research, particularly to ‘omic’ 

based research (proteomics, genomics, metagenomics, etc). While rudimentary programming, 

use of bioinformatics tools and databases (Goodman and Dekhtyar  2014). 

 Databases are crucial for management of bioinformatics research and tools. Databases 

 manage various biological data types including  DNA sequences, Protein Structures and gene 

 expression profiles. Databases usually contain either experimental data, predicted data or 

both with variety of categories including but   not limited to molecules, organisms, molecular 

pathways or diseases ( Mohammad Tarek et al., 2017). 

 The term bioinformatics was not used until 1979, when Paulien Hogeweg chose it to 

describe informational processes occurring in biotic systems. Before then, early computational 

biologists who pioneered this field had a general idea that an integration of mathematics, 

computational sciences, and molecular biology would be a very effective 108tool to 

understand the fundamental questions in life sciences (Miskowski et al., 2007).  



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 109 

 Today, bioinformatics as a multidisciplinary field is involved in various aspects of our lives 

from healthcare to manufacturing. For example, health informatics focuses on improving 

health care by using any combination of lower cost applications of bioinformatics. Hence, the 

importance of exposing undergraduate biology students to basic and practical knowledge of 

bioinformatics cannot be overlooked for their career development (Charlsey Dodgen et al., 

2017).  The Bioinformatics comprises the use of technology for retrieval, storage, 

mathematical, physical chemical and statistical analyses, and interpretation and integration of 

data to solve biological problems (Magana et al., 2014). 

Genomics  

 The following step to the genome assembly corresponds to its annotation, which is the 

extraction of the biological information contained in the sequences (Prosdocimi et al., 2010). 

Different strategies to search for genes in genomes were developed because of the differences 

between prokaryotes and eukaryotes. In the first step, the work is to identify genes based on 

sequence similarity. Next, the gene function is annotated by comparison with protein 

databases, such as NCBI and UniProt (Staats et al., 2014). Functional annotation, which 

consists in relating genes to biological processes through Gene Ontology (GO) terms, is 

performed as well. These terms describe the function of genes in three classes, molecular 

function, biological processes and cellular components (Prosdocimi et al., 2010). 

Transcriptomics 

 In general, these analyses are performed as follows: Tophat performs the read mapping to 

the reference genome and identifies the splicing junctions. These alignments are then used by 

the Cufflinks that assemble the transcripts, estimate their abundance and determine, under the 

conditions tested, the genes and differentially expressed transcripts (Cuffdiff), which may be 

visualized by CummeRbund (Goff et al., 2012). From the list of genes obtained by differential 

expression analysis, it is possible to perform functional enrichment analysis and annotation of 

biological processes. Also, it is possible to identify biological pathways in which these genes 

participate, for example in KEGG and Reactome databases (Diniz and  Canduri 2017). 

Proteomics 

 The identification, quantification, and characterization of all proteins of the cell are 

important to understanding the molecular processes that mediate cellular physiology 

(Schmidt et al., 2014). In this context, proteomics appears to have expanded rapidly in the 

search to systematize the study of structure, function, interactions, and dynamics of proteins 

in space and time (Jensen et al., 2006).  

Gene Expression 

 The differential expression of genes in healthy and diseased tissue (eg, cancer) can suggest 

specific genomic markers of disease. This understanding can lead to identification of protein 

products associated with these genes that may be candidate drug targets. Because microarray 

technology has become more prolific, we will see an increase in gene expression data 

associated with patients’ health records. These data, when aggregated across populations, will 

be powerful for identifying both genetic markers of disease and molecular targets for 
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intervention. Microarrays allow researchers to gather thousands of data points regarding 

individual genes in one experiment (Brown et al., 1999). 

Bioinformatics In Future  

 The next generation of bioinformatics database access system has been called as NGI, i.e. 

Next Generation Internet, which has been approved by the US government at a cost of about 

US $102 million for the next two fiscal years. The NGI initiative is a multi disciplinary federal 

research and development programme that is being developed for advanced networking 

technologies, which is going to revolutionize applications that require advance networking. 

This would demonstrate the capability of test beds that are 100 to 1000 times faster end-to-

end than today’s internet. May be internet-III would be the new challenge and course of future 

for further developments in bioinformatics (Edelman et al., 1999). 
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Abstract 

 The newly named bioinformatics and its fast growing emerging field in biomedical research area have been 
recognized for about few years back. The emergence of the modern bioinformatics has obtained enormous area in their 
sight for construction in clinical genetics databases, such as disease specific mutation databases and genotype phenotype 
analyses. Bioinformatics is of wide application of science in informatics to the area of molecular biology. Research in 
bioinformatics is now focusing in the simulations and modelling of the cellular and subcellular messaging system, which is 
promising to improve our understanding in intracellular signalling system. The future works which includes the focusing 
on an well improved understanding our clinical record to give better serve to the phonemics community. 
Keywords: Bioinformatics, Medicine.  

 

Introduction  

 The application of bioinformatics in the field of science is the only information to 

molecular biology. Application is in information science, computer science, mathematics, and 

their associated technologies to a discipline or domain and finally the biomedical informatics 

is in the application of science in informatics to their domains of biological health. 

Bioinformatics which includes the information retrieval from their database of molecule 

sequence and the structural information. It will also help to rendering and analyzing in 

molecular structure information system. Bioinformatics also extends to cover its generation 

and also analyzing the gene expression database. Bioinformatics can also be used to facilitate 

the modeling system of molecular interactions between them and linking clinical database to 

the expression of gene and proteomic data which is in the new phonemics field. Phonemics has 

the potential that to bring molecular biology from the group of website (Peter and  Elkin et al., 

2003). 

 Bioinformatics and computational biology are concerned with the use of computation to 

understand biological phenomena and to acquire and exploit biological data, it will enhance 

the  large scale data (Gusfield et al., 2004). The process from bioinformatics and computational 

biology are increase due to their use in leverage traditional laboratory and their observation 

was based on biology. The methods have becoming critical in the field biology due to recent 

changes in the ability and its determination to have an acquire massive biological database 

sets. This transformation technique from a poor data to a rich data field become with DNA 

sequence data analysis, but now its occurring in many other respective areas of biology 

(Zoheir Ezziane et al.,  2006). 

 Bioinformatics walk together with molecular biology and its becoming clear that the 

specialist skills were compulsory needed to organize the work and also to analyze the original 
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data to be generated. But now the molecular biology has reached a comfort stage of 

development where it will continued the progress depends on such area (Zoheir Ezziane et al.,  

2006). 

 Combining the intelligent systems with the current volume of biomedical research and 

knowledge of the tiny molecular mechanisms with their knowledge of the systems in biology 

(Zoheir Ezziane et al.,  2006). 

 
DNA Microarray  

 Genes of biomarker in human skin was derived from cells and was identified by new 

simple bioinformatics methods and the microarray of DNA was analyzed by utilizing in vitro 

cultures of normal neonatal human epidermal keratinocytes and dermal fibroblasts. In a 

survey of 4405 human cDNAs was proceed using Derm Array DNA microarrays and the 

Biomarkers were rank according to “likelihood ratio” on algorithms and strait selection 

criteria that will help in general applicability for the analysis of minimum of three RNA 

samples. Signature biomarker genes which mark up to the regulation in one cell type and it 

will determined for the three major cell types of skin. Many of the signature genes were known 

as biomarkers for these cell types. In the addition there were 17 signature genes was 

identified as ESTs, and 22 anti-signature biomarkers was discovered. Quantitative RT PCR is 

using to verify nine signature biomarker genes in the recent year ago. Total of 158 biomarkers 

of skin cells in normal human was identified, many of this are more suitable and valuable in 

diagnostic applications and also in molecular targets for the discovery of drug and therapeutic 

intervention ( Ernest et al., 2002). 

 
Bioinformatics Analysis Tools and Methods for Antimicrobial Research 

 Databases and bioinformatics tools were contain genomic, proteomic and functional 

information about antimicrobial drug research. The combination of chemical informatics tools 

and relational databases provides type of analyzing their linking and comparing online search 

results. The computational development tools feeds on its diversity of disciplines, including 

mathematics, statistics, computer science, information technology and molecular biology. The 

approach of computational to antimicrobial agent discovery and its design compare genomics, 

molecular simulation and also their dynamics, molecular docking, structural or functional class 

prediction, and quantitative structure of their activity relationships. Reviews are progress in 

article to development the computational methods and databases which is used to organizing 

and extracting biological term from antimicrobial research (Riadh Hammami  and Ismail Fliss 

2010). 

 
Artificial Intelligence  

 Artificial intelligence (AI) has secured more attention in bioinformatics research field and 

computational molecular biology. With their availability of different types of AI algorithms and 

it’s become more common in researchers to apply the offline systems to clarify. At present 
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analysis with various intelligent methods are available in many literatures. Researchers are 

having difficulties in choosing the best method to determine that could be applied in all 

specific databases. Researchers need more tools which represent the data in new applied 

research area, estimates the accuracy and its explanation. This article specially aims to review 

the use of AI in the respective areas of bioinformatics and computational molecular biology 

(DNA sequencing). These areas have raised from the needs of biologists to use and help to 

interpret the low amounts of data that are continue to being gathered in genomic research. 

The motivation of underlying for many of the bioinformatics field and the DNA sequencing 

approaches help in the evolution of organisms and working with complexity erroneous data. 

This article also help the kind of software programs which was developed by the research 

community in order to search, classify and many different available biological databases 

(Zoheir Ezziane et al.,  2006). 

 
Molecular Drug Targets 

 The larger pharmaceutical companies are more concentrating in investigations of drug 

targets that are more identically high in the production of immediate yield. It will targets 

almost but are not limited to proteases, kinases, nuclear hormone receptors, 7 trans 

membrane proteins, chemokines, cytokines, and adhesion molecules and their both structure 

and function information are merged with metabolic reaction and its will help to regulate the 

network information to generate extracted pathways. The pathways were combined together 

with an gene expression data to create a scoring of each and every pathway. Selected 

candidates were allow to produce a predicted protein structure that are substantially 

accelerates the process of drug target identification process (Fagan and Swindells  2000).  

 
Conclusion  

 Many challenges are remain for bioinformaticians, in which some are include in creating 

the simulations from molecules to populations. To creating an gene networks and modeling 

signaling pathways which is remain a challenge. There is a need for the improvement of data 

structures and support the data for biomedical investigation, in this regarding they are 

increased in data intensive environment. And another area of active research field in whole 

cell modeling, in which bioinformaticians always working on developing models to enhance 

the wide variety of intracellular interactions between them (Tsoka  and Ouzounis  2000). 

Biological systems are to diverse and with the management of information and the cellular 

information transfer is difficult at every functional level in biologically improved systems. 

Some of this principal areas of information is to used to transfer the needed receptor mediated 

signaling, secretion of cellular effectors system and translation of the stored genomic 

information which will generates new proteins sequence and that will leads to the expression 

of new phenotypes levels (Pallen et al.,  1999). 
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Abstract 

 Identifying attackers is a major apprehension to both organizations and governments. Recently, the most used 
applications for prevention or detection of attacks are intrusion detection systems. Biometrics technology is simply the 
measurement and use of the unique characteristics of living humans to distinguish them from one another and it is more 
useful as compare to passwords and tokens as they can be lost or stolen so we have choose the technique biometric 
authentication. The biometric authentication provides the ability to require more instances of authentication in such a 
quick and easy manner that users are not bothered by the additional requirements. Among all the presently employed 
biometric techniques, fingerprint identification systems have received the most attention due to the long history of 
fingerprints and their extensive use in forensics. In this paper, we have given a brief introduction about biometrics 

Keywords: Intrusion detection, keystroke, Biometrics, Mouse dynamics, Authentication. 

 

Introduction 

 Biometric recognition forms a strong bond between a person and his identity as biometric 

traits cannot be easily shared, lost, or duplicated. Hence, biometric recognition is 

fundamentally superior and more resistant to social engineering attacks than the two 

conservative methods of recognition, namely, passwords and tokens. Since biometric 

recognition requires the user to be present at the time of authentication, it can also prevent 

users from making false refutation claims. Moreover, only biometrics can provide negative 

identification functionality where the aim is to set up whether a certain individual is really 

enrolled in a system even if the individual might refuse it. Due to these characteristics, 

biometric recognition has been widely hailed as a natural, reliable, and exceptional component 

of any identity system. Computer systems are targeted by three kinds of attacks : (1) user-

level, when a genuine user uses his rights to steel information. 

 
Biometrics 

 Biometrics makes the use of biological terms that deals with data statistically. It verifies a 

person's uniqueness by analyzing his physical features or behaviors (e.g. face, fingerprint, 

voice, signature, keystroke rhythms). The systems record data from the user and compare it 

each time the user is claimed. A biometric system is a computer system that implements 

biometric recognition algorithms. A typical biometric system consists of sensing, feature 

extraction, and matching modules. 

 
Types of Biometrics 

Facial Recognition 

 The facial recognition systems differentiate between the background and the face. This is 

important when the system has to identify a face within a throng. The system then makes use 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 116     K.S.R. College of Arts and Science for Women 

of a person's facial features – its peaks and valleys and landmarks – and treats these as nodes 

that can be measured and compared against those that are stored in the system's database. 

There are around 80 nodes comprising the face 

print that the system makes use of and this includes the 

jaw line length, eye socket depth, distance between the 

eyes, cheekbone shape, and the width of the nose. 

Advantages 

 It is not intrusive. 

 It is hands-free, and continuous. 

 It can be done from a distance even without the user being aware they are being scanned. 

Disadvantages 

 Many systems are less effective if facial expressions vary. Even a big smile can render the 

system less effective. 

 Face recognition does not work well include poor lighting, sunglasses, long hair, or other 

objects partially covering the subject’s face, and low resolution images. 

 Facial recognition system requires actual management of large databases. 

 
There are Five Stages Involved in Finger-Scan Verification and Identification 

1. Fingerprint Image Acquisition 

2. Image Processing 

3. Locating Distinctive Characteristics 

4. Template Creation 

5. Template Matching 

 
Iris Recognition 

 Iris recognition is an automated method of biometric identification which uses 

mathematical pattern recognition techniques on video images of the irises of an individual's 

eyes, whose complex random patterns are unique and can be seen from some distance. Iris 

cameras perform recognition detection of a person’s identity by analysis of the random 

patterns that are visible within the iris of an eye from several distances. It combines computer 

vision, pattern recognition, statistical inference and optics. The iris is the colored ring around 

the pupil of every human being and like a snowflake, no two are the same. Each one is unique 

in its own way, exhibiting a distinctive form. 

 
Advantages of Iris Recognition 

 Iris-scanning technology is not very intrusive as there is no direct contact between the 

subject and the camera technology. 

 The accurateness of the scanning technology is a major benefit with error rates being very 

low, hence ensuing a highly reliable system for authentication. 
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Disadvantages of Iris Recognition 

 The iris is a very small organ to scan from a distance. It is a moving target and can be 

covered by objects such as the eyelid and eyelashes. 

 The camera used in the process needs to have the correct amount of illumination. Without 

this, it is very complicated to capture an accurate image of the iris. 

 
Reasons for using Biometrics 

 Using biometrics for identifying human beings offers some reward like it can be used to 

identify you as you. Tokens, such as smart cards, magnetic stripe cards, photo ID cards, 

physical keys etc can be lost, stolen, duplicated, or left at home. Passwords can be forgotten, 

shared, or observed. Moreover, today's fast-paced electronic world means people are asked to 

remember a huge number of passwords and personal identification numbers for computer 

accounts, bank ATMs, e- mail accounts, wireless phones, and web sites and so on. Biometrics 

holds the promise of fast, easy-to-use, accurate, reliable, and less exclusive authentication for a 

variety of applications. The biometric authentication provides the ability to require more 

instances of authentication in such a quick and easy manner that users are not bothered by the 

additional requirements. 

 
Challenges in Biometric Authentication 

 The different challenges in front of biometric system are as follows: 

 
Privacy Issues 

The Method of Comparison 

 It was noted that, on the whole, the prints obtained from the NIST database-4 were of 

superior quality to the inked ones. 50 (25 pairs) fingerprint images of quality better than the 

rest (based on observation) were selected out of the total sum and fed first as input into the 

minutiae based matcher [4], and then into the filter-bank based matcher [3]. Both the 

softwares enable the user to first enter one of the two fingerprints in a matched pair in a 

database that the programs save locally on the disk. Then they asks for a second print to be 

matched against the database in the search for a match. The output values from each 

measurement were recorded. 

 
Error Tolerance and Nontrusted Devices 

 One challenge in biometric authentication is that biometric characteristics are prone to 

various noise during data collecting, and this natural feature makes it impossible to reproduce 

precisely each time biometric characteristics are measured. A biometric authentication 

protocol cannot simply compare the hash or the encryption of biometric template. Instead 

biometric authentication must endure failures within a rational bound. Another issue in 

biometric authentication is that the verification of biometrics should be performed by the 

server instead of other devices, since such devices are usually remotely located from the 

server and cannot be fully trusted. 
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Intrusion Detection System 

What is intrusion detection system? 

 An intrusion detection system (IDS) inspects all inbound and outbound network activity 

and identifies apprehensive pattern that may specify a network or system attack from 

someone attempting to crack into or compromise a system. One facet of computer security will 

work to keep people from receiving unauthorized access by selecting good security 

passwords, using software to protect against known intrusions. The IDS examine the 

performance of the computer and then give some kind of alert when apprehensive activity is 

detected. 

Types of Intrusion Detection Systems 

 IDSs can be of three types which are as follows: 

 Network-based intrusion detection, which runs at the gateway of a network and observe 

all arriving packets. And it has network-based sensor 

 Router-based intrusion detection, which is installed on the routers to prevent intruders 

from entering the network. 

 Host-based intrusion detection, which receives the necessary audit data from the host’s 

operating system and analyzes the generated events to keep the local node secure. 

 
Fingerprint Recognition 

 Fingerprint recognition describes the process of obtaining a digital representation of a 

fingerprint and comparing it to a stored digital version of a fingerprint. Electronic fingerprint 

scanners capture digital "pictures" of fingerprints, either based on light reflections of the 

finger's ridges and valleys, ultrasonic’s, or the electrical properties of the finger's ridges and 

valleys. These pictures are then processed into digital templates that contain the unique 

extracted features of a finger. These digital fingerprint templates can be stored in databases 

and used in place of traditional passwords for secure access. Instead of typing a password, 

users place a finger on an electronic scanner. The scanner, or reader, compares the subsist 

fingerprint to the fingerprint template stored in a database to resolve the identity and validity 

of the person requesting access. Among all biometric techniques, fingerprint recognition is the 

most popular method due to the following advantages: 

1. Universality—the size of the population with clear fingerprints exceeds the size of the 

population with passports. 

2. High distinctiveness—still identical twins who share the same DNA have different 

fingerprints. 

3. High performance—at the age of seven months, a fetus’s fingerprints is fully developed, 

and their characteristics do not change in the absence of injury or skin disease. However, 

after a small injury the sample will raise back as the fingertip heals. The rareness of 

fingerprints can be determined by the pattern of minutia locations, local ridge orientation 

data, and combination of ridge orientation and minutia locations Therefore, fingerprint 

recognition has become a reliable method of personal identification. 
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Fingerprint Identification Algorithm 

Introduced Fingerprint Identification System consists of two processes. 

1. The enrollment process: This process consists of capturing a person’s fingerprint using a 

fingerprint capturing device. During the enrollment process, the system saves the persons 

fingerprint into a database (see Figure 7). 

2. The authentication process: It is used to authenticate the claimed person. This process 

consists of comparing a captured fingerprint to an enrolled fingerprint in order to 

determine whether the two match. If the two fingerprints match, then the computer will be 

unlocked, otherwise, an alert will be sent (see Figure 8). 

  
Comparison with other techniques 

 Some users do not use the mouse regularly in their work. Therefore, they could not be 

authenticated through a mouse dynamic system. On the other hand, all genuine users 

could enroll their fingerprint and use a fingerprint-based system. 

 Attackers could impersonate a valid user’s keystroke and get access to aware information 

without being noticed, while a fingerprint could not be copied. 

 Difference between this technique and the mouse dynamics and keystroke techniques is 

that the latter may require hours and maybe days in order to train the system, and more 

time to authenticate a genuine user, while the Fingerprint Identification System needs less 

time to enroll a fingerprint, and to authenticate a user. 

 
Conclusion 

 The issue of selection of an optimal algorithm for fingerprint matching in order to design a 

system that matches the expectations in performance and accuracy is of great concern to 

designers. It is essential to first understand the basic architecture of a biometric based security 

system and then proceed onto finding out how a typical fingerprint authentication system 

works.There are several attacks that try to negotiate a computer system using a variety of 

methods such as unauthorized access. These attacks could be reduced if an identification tool 

is used to complement already deployed intrusion detection system. The most reliable 

identification systems are based on biometrics. Therefore, several biometrics technologies 

start to accompany host-based Intrusion detection systems. Until Now, behavioral biometric 

was the only techniques that have been used so far, since they do not need any special devices. 

In contrast, some researchers proved that these techniques are not very efficient which was 

the motivation to design an identification system based on fingerprint technique. 
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Abstract  

 There has been a rapid increase in the number of cloud computing solutions across the computational biology 
community. Many of common-used tools become computation consuming in analyzing such big biological data. Cloud 
computing has emerged to provide the huge amount of computing power and play important role in development of 
bioinformatics tools. For example, cloud computing has already been utilized for bioinformatics workflows, comparative 
genomics, gene set analysis for biomarkers, identifying epistatic interactions between single-nucleotide polymorphisms, 
microbial sequence analysis,  multiple sequence alignment algorithms, pandemic simulations, personal genome variant 
annotation, protein annotation ,proteomics analysis and systems biology . Distributed computing framework has been 
utilized to solve time-consuming computational problem. Distributed computing 
Framework can work on the public cloud platform vendor such as Microsoft Azure, Amazon EC2 and also private cloud 
platform. 

Keywords: Cloud Computing, Bioinformatics, Hadoop, Big Data, Distributed Computing. 

 
Introduction 

 With the rapid growth of the biological technology, such as next generation sequencing, 

large amount of sequence data can be produced in few days with low cost. To analyze the big 

sequence data the computation power and cost of computer system has become the most 

important consideration. Recently, cloud computing has emerged to provide the public 

availability of computing power and new technologies for data processing. The cloud 

computing environment is a distributed system with extremely scalable computation 

capabilities, providing multiple external customers with numerous services. In practice, cloud 

computing allows the public to run applications and services on a distributed network using a 

virtualized system and its resources, and at the same time, allows to abstract away from the 

implementation details of the system itself. Many cloud computing vendors distribute a variety 

of resources from large resource pools installed in data centers, and user can require these 

resources on demand. In general, the vendors offer their services according to three 

fundamental models, such as infrastructure as a service (IaaS), platform as a service (PaaS), 

and software as a service (SaaS).  

 
Microsoft Azure 

 Windows Azure platform is an internet-scale cloud computing and services platform 

hosted in Microsoft data centers. Unlike the typical cloud environments where the users are 

offered with virtualized hardware components such as load balancers, virtual servers (E.g. 

Amazon EC2) and cloud storage services such as Amazon S3 etc., Azure offers a collection of 

discrete scalable components known as “roles” along with a set of storage and communication 

components.  The architecture of a typical Azure application is shown in figure 1. The web role 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 122     K.S.R. College of Arts and Science for Women 

and the worker role represent the processing components of an Azure application. The web 

role is a web application accessible via HTTP or HTTPs endpoints and is hosted in an 

environment that supports subset of ASP.NET and Windows Communication Foundation 

(WCF) technologies. Worker role is the main processing entity in the Azure platform which 

can be used to execute functions written in managed code, scripts, or standalone executables 

on data products. Both web role instances and worker role instances can access the storage 

services. Azure Queues are First in, First Out (not guaranteed) persistent communication 

channels which can be used to develop complex communication patterns among a set of 

corporation worker roles and web roles. A set of tasks/jobs can be organized as a collection of 

messages in an Azure queue and a set of workers can be deployed to remove a message  

(a task/job) from the queue and execute it. Azure provides three types of storage services 

Blob, Queue, and Table. The blob represents a persistence storage services comprising of 

collection of blocks. The user can store data (or partitioned data) in blobs and access them 

from web and worker role instances. Azure Tables provides structured storage for 

maintaining service state. The Azure blobs and Queues have close similarities to the Amazon 

Elastic Block storage and Simple Queue Service. 

Fig. Architecture of a typical Azure application 

Batch mode operation schematic 

 For many calculations the number of cores 

required is much larger than can be allocated onto a 

single computer. Hence, apart from access to the 

cloud platform itself, job management software is 

essential. Job managers will do a variety of tasks to 

aid the above, in particular submitting the tasks to 

the allocated VMs, creating appropriately named log 

files and managing failures of individual VMs during 

the running of the job. This is not trivial to carry out 

on Amazon EC2. Software such as StarCluster http://star.mit.edu/cluster/can do this on EC2 

but the configuration of StarCluster is a not an easy task and requires a level of familiarity with 

shell scripts. As a result the full power of these resources can only be employed by 

computational biologists with extensive experience of shell-scripting as well as expertise in 

the software they wish to use. This excludes the large number of individuals without those 

skills whose research could benefit from access to such resources. Cloud computing platforms 

represent very large software stacks but surprisingly do not by default include this type of job 

management software. 

 Azure provides a set of C# libraries referred to as the Generic Worker (GW) to perform a 

similar set of tasks as a Job Manager. This provides a framework to write C# software to 

perform the tasks that a Job Manager can do for tailored set of software. Hence it is possible to 

develop a bespoke interface for users to manage batch jobs for a particular set of software. 

 

http://star.mit.edu/cluster/
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Methods 

 For most of biologist, to re-implement the specific tool as parallel computing tool is 

difficult. Meanwhile, some tools are unable to be redesigned for performing in parallel, and the 

results led by modified tools may not be the same as the original results. The goal of CCF(Cloud 

Computing Framework) is to execute a program in parallel without redesigning the algorithm 

as parallel algorithm to avoid these problems.  

 Hadoop (Hadoop, 2014, http://hadoop.apache.org/) is a software framework intended to 

copy with big data applications. Hadoop supports MapReduce programming model for 

developing applications that process data in parallel on Cloud Computing environment. The 

advantage of Map Reduce is that it allows for distributed computing of tasks on mappers and 

reducers. Each task on a mapper is independent of the others and all mappers can perform the 

tasks in parallel. In practice, the total number of the mappers is limited by the data source 

and/or the number of computing resources, such as CPU cores, near that data. After mappers 

completed its' tasks, a set of reducers perform the merge operations. All outputs produced by 

mappers which share the same key are presented to the same reducer, at the same time. In 

addition, one of the important benefits to use Hadoop to develop the cloud computing 

application is its fault tolerance strategy. When running jobs on a cloud environment where 

individual nodes or network components may experience failures, Hadoop can recover the 

failed jobs toward a successful completion. Many applications of bioinformatics are often 

computation-consuming; sometimes they need weeks or months to complete the computation. 

The traditional parallel programming models, such as MPI, OpenMP and Multi-thread (ret), do 

not support failure-recovery, where a fault occurred in some nodes leads the entire 

application into total failure. In these situations, the Hadoop platform is considered as a much 

better solution for these bio-computing applications. 

 
Hadoop on Azure 

 Architecture of a typical Azure application Windows Azure platform is an internet-scale 

cloud computing and services platform hosted in Microsoft data centers. Unlike the typical 

cloud environments where the users are offered with virtualized hardware components such 

as load balancers, virtual servers (E.g. Amazon EC2) and cloud storage services such as  

 Amazon S3 etc., Azure offers a collection of discrete scalable components known as “roles” 

along with a set of storage and communication components.  The architecture of a typical 

Azure application is shown in figure 2. The web role and the worker role represent the 

processing components of an Azure application. The web role is a web application accessible 

via HTTP or HTTPs endpoints and is hosted in an environment that supports subset of 

ASP.NET and Windows Communication Foundation (WCF) technologies. Worker role is the 

main processing entity in the Azure platform which can be used to execute functions written in 

managed code, scripts, or standalone executables on data products. Both web role instances 

and worker role instances can access the storage services. Azure Queues are First in, First Out 

(not guaranteed) persistent communication channels which can be used to develop complex 

http://hadoop.apache.org/
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communication patterns among a set of corporation worker roles and web roles. A set of 

tasks/jobs can be organized as a collection of messages in an Azure queue and a set of workers 

can be deployed to remove a message (a task/job) from the queue and execute it. Azure 

provides three types of storage services Blob, Queue, and Table. The blob represents a 

persistence storage services comprising of collection of blocks. The user can store data (or 

partitioned data) in blobs and access them from web and worker role instances. Azure Tables 

provides structured storage for maintaining service state. The Azure blobs and Queues have 

close similarities to the Amazon Elastic Block storage and Simple Queue Service. 

 Adverse drug reactions represent a serious problem worldwide. It refers to drug 

associated adverse incidents in which drugs are used at an appropriate dose and indication. It 

can complicate a patient medical condition or contribute to increase morbidity, even death. 

Even though premarketing clinical trials are required for all new drugs before it approved for 

marketing, trials are necessarily limited in size and duration and are not capable of detecting 

rare adverse drug reactions. If the occurrence rate of a potential ADR is less than 0.1%,it 

cannot be recognized by the premarketing randomized controlled trials due to limitation in 

size. A recent study shows that the average number of drugs to be taken by seniors is 7.23 per 

medication. It is natural to take many kinds of drugs because of the advance of medical science 

and the higher average life expectancy. Food and Drug Administration (FDA) announced that 

adverse drug events (ADEs) are rapidly increasing as much as the amount of 

prescriptions.Vioxx as a treatment for rheumatoid arthritis was expelled from markets 

because of serious side effects such as a heart attack. Measures such as exclusive causal-

leverage for detecting adverse drug reactions to pair the drug and symptoms and Adverse 

drug Event mining for scan and sending to the mining system to guide the patient. Such 

measures are not analyzing the patient opinion with the age classification to issue the drug for 

precise age. 

 
Related Work 

 Adverse Drug effect Detection is the method for drug effect discovery [4] of two novel 

algorithms, a likelihood ratio model and bayesian network model. Although the performance 

of these two algorithms is comparable to the state-of-the art algorithm, bayesian confidence 

propagation neural network, the combination of three works better due to their diversity in 

solutions. BCPNN: Probability ratio is straightforward and means how many times the 

combination happens more than expected. 

 Likelihood Ratio: LR is similar to a statistical test based on the log LR. 

 The hospital electronic health records, set up the algorithm to find the ranking list from 

the data, and check the difference between the ranking list and our existing knowledge. 
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Fig.2 upper and lower bounds 

 Likelihood ratio and BCPNN method shows the upper 

and lower bounds with the concept of a measure can be 

used to statistically test a given hypothesis. The ratio of the 

highest likelihood possible given hypothesis to the 

likelihood of the best “explanation” overall. Bayesian 

networks are directed graphical models which are useful in 

representing complex probability distributions. In bayesian 

networks, random variables are shown with circles in fig 

1(a) while dependences are represented with directed edges. The joint probability over 

variables is given by a product over the conditional probability of each variable given its 

parents P(x1, x2,…,xn) = πP(xi|Pa(xi)) Where Pa denotes the parents of a random variable. 

 Problem definition: With a collection of writings C, each review labeled with yє{y-

1,….,yM},identify k clusters of words referring to drug aspects or people’s experiences such that 

they are highly correlated with each specific label yi. Patients’ database should be maintained 

in a hospital and the medication can be revised to identify the drug functions and 

improvement of the disease. This helps the physician to categorize the drug for each disease 

suitably. 

 
Proposed Method 

Propabilistic Aspect Mining Model 

 Probabilistic Aspect Mining Model(PAMM) is a generative model which generates the 
observed data   x є RM  and the class label y є {0,1} from the Gaussian latent variable  
z = (z1,…,zk)T (i.e. z є Rk) with zero mean and identity covariance matrix, i.e. z ~ N (0,I). 
{(xn , yn)}Nn=1, where xn є RM , yn є {0,1}, 
 K : number of aspects to be derived, 

 σ 2 : variance of noise  
 c : parameter of the logistic function  
 δ : threshold for stopping EM iteration 
Compute the empirical mean for {(xn )}N n=1 (i.e. µ). 

1. Center the data by xn ← (xn - µ) for        n=1,… N, 
2. Initialize the entries of W randomly to small positive numbers. 
3. Repeat 
4. {E-step} 
5. For n = 1 to N do 
6. Calculate z*

n  
7. end for 
8. {M-step} 
9. For i = 1 to M do 
10. Update Wi 
11. end for 
12. Until change of ||W||frob in consecutive EM iterations <δ 
13. return W 

 Fig.2(a) PAMM parameter inference algorithm. where W ≥ 0 means W is non-negative and   

|| . ||2 is the Euclidean norm. 
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Table 1 summary of the drug reviews 

Method to identify with different 

algorithms 

 In ADRs can help the physician to 

find the PMI (Point wise Mutual 

Information) for each algorithms 

used for a single drug. 

 Mean PMI =
1

40𝑘
 Ʃ2k

k=1 Ʃ20i=1log(
𝑃(𝑊𝑘 ,𝑖 ,𝐶𝑘)

𝑝 𝑊𝑘 ,𝑖 𝑝(𝐶𝑘)
) 

 Where Ck is the class label associated with respect to k. The probabilities p(wk,I,Ck), p(wk,i) 

and p(Ck) (assuming all probabilities > 0) are empirical probabilities obtained by counting the 

words and the reviews in the corpus. Thus, mean PMI gives the mean of PMI between a word 

in the aspect and the class label. 

Fig.3 Drug Architecture 

 Architecture of the proposed system has the patient login 

and physician login. User login deals with entering the patient 

details to identify the age and collecting the medication 

information shown in fig 3 Physician login deals with viewing the 

patient message and replying with the pro per drugs for 

analyzing the age. Hospital website has the patient login to 

collect the basic details of the patient with age. Collecting the 

outpatient and inpatient information to classify the database to 

separate the details and drug information. 

 
 

Conclusion 

 The flexibility of clouds and MapReduce suggest they will become the preferred 

approaches. We showed how one can support an application (Alu) requiring a detailed output 

structure to allow follow-on iterative MPI computations. The applications differed in the 

heterogeneity of the initial data sets but in each case good performance is observed with the 

new cloud technologies competitive with MPI performance. The simple structure of the 

data/compute flow and the minimum inter-task communicational requirements of these 

“pleasingly parallel” applications enabled them to be implemented using a wide variety of 

technologies. The support for handling large data sets, the concept of moving computation to 

data, and the better quality of services provided by the cloud technologies, simplify the 

implementation of some problems over traditional systems. We find that different 

programming constructs available in cloud technologies such as independent “maps” in 

MapReduce, “homomorphic Apply” in Dryad, and the “worker roles” in Azure are all suitable 

for implementing applications of the type we examine. In the Alu case, we show that Dryad and 

Hadoop can be programmed to prepare data for use in later parallel MPI/threaded 

Drugs Brand name Usage Total words 
Citalopram Celexa Anti-depression 247412 
Escitalopram Lexapro Anti-depression 108147 

Lisinopril 
Prinivil,  
Zestril 

Lowering of  
blood pressure 

65816 

Simvastatin Zocor 
Controlling  
cholesterol 

38977 
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applications used for further analysis. Our Dryad and Azure work was all performed on 

Windows machines and achieved very large speed ups (limited by memory bandwidth on 24 

core nodes). 
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Abstract 

 In this busy world no one has time to take a proper physical work.  Most of the youngsters want to spend the time in 
computer.  And their parents want to take care of their studies only.  Lack of physical work they will may cause to severe 
health problem.  Nowadays diseases are a common to everyone. At the same time we have all types of medicine to cure 
most of the disease. Diabetes is caused by a disorder of the endocrine system. It is a serious disease that has no cure.  
A person is diagnosed with diabetes when the body no longer uses insulin properly or does not produce insulin at all. 
Insulin is produced by the pancreas and is what is needed to properly send glucose into the cells of the body to turn them 
into energy. When the insulin is low or is not functioning properly, it causes high amounts of glucose to stay in the 
bloodstream. 

 

Introduction  

Diabetes 

Diabetes is caused by a disorder of the endocrine system. It is a serious disease that has no 

cure. A person is diagnosed with diabetes when the body no longer uses insulin properly or 

does not produce insulin at all. Insulin is produced by the pancreas and is what is needed to 

properly send glucose into the cells of the body to turn them into energy. When the insulin is 

low or is not functioning properly, it causes high amounts of glucose to stay in the 

bloodstream. 

Types of Diabetes  

 Type 1 Diabetes   

 Type 2 Diabetes  

 Gestational diabetes 

 Prediabetes 

Type 1 Diabetes 

Type 1 Diabetes is diagnosed in people who either do not produce insulin or produce it in 

amounts too low to be effective. These people are insulin dependent for life. Patients with Type 

1 Diabetes will need to take insulin injections for the rest of their life. 

Type 1 Diabetes develops when the body's immune system destroys pancreatic beta cells, 

the only cells in the body that make the hormone insulin that regulates blood glucose.  

To survive, people with Type 1 Diabetes must have insulin delivered by injection or a pump. 
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This form of diabetes usually strikes children and young adults, although disease onset can 

occur at any age. In adults, Type 1 Diabetes accounts for about five percentage of all diagnosed 

cases of diabetes. Risk factors for Type 1 Diabetes may be autoimmune, genetic, or 

environmental.  Approximately 10% of all diabetes cases are Type 1. They must also ensure 

proper blood-glucose levels by carrying out regular blood tests and following a special 

diet.Type1 Diabetes is nowhere near as common as Type 2 Diabetes.  

Type 2 Diabetes 

Type 2 Diabetes, insulin is produced but is either not used properly or is not produced 

enough. Diet and exercise can sometimes control glucose levels in Type 2 Diabetics, but 

medications are available. Approximately 90% of all cases of diabetes worldwide are of this 

type. 

Some people may be able to control their Type 2 Diabetes symptoms by losing weight, 

following a healthy diet, doing plenty of exercise, and monitoring their blood glucose levels 

(Figure 1.2). However, Type 2 Diabetes is typically a progressive disease - it gradually gets 

worse - and the patient will probably end up have to take insulin, usually in tablet form. 

The risk of developing Type 2 Diabetes 

is also greater as we get older. Experts are 

not completely sure why, but say that as we 

age we tend to put on weight and become 

less physically active.  

 
Gestational Diabetes 

The last Type is Gestational Diabetes, 

which occurs in pregnant women and 

sometimes disappears after birth. This type 

can be controlled with diet and 

recommended exercise. Insulin can also be prescribed. Gestational Diabetes is a form of 

glucose intolerance diagnosed during pregnancy. Gestational Diabetes is also more common 

among obese women and women with a family history of diabetes. During pregnancy, 

Gestational Diabetes requires treatment to optimize maternal blood glucose levels to lessen 

the risk of complications in the infant. 

This Type affects females during pregnancy. Some women have very high levels of glucose 

in their blood, and their bodies are unable to produce enough insulin to transport all of the 

glucose into their cells, resulting in progressively rising levels of glucose. 

The majority of Gestational Diabetes patients can control their diabetes with exercise and 

diet. Between 10% to 20% of them will need to take some kind of blood-glucose-controlling 

medications.  

Undiagnosed or uncontrolled Gestational Diabetes can raise the risk of complications 

during childbirth. Abnormal blood values for a three hour 100-gram oral glucose tolerance test 

are, 

 

Figure 1.1 – Type 1 

Diabetes 

 

Figure 1.2 – Type 2 

Diabetes 
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 Fasting: greater than 95 mg/dL 

 1 hour: greater than 180 mg/dL 

 2 hour: greater than 155 mg/dL 

 3 hour: greater than 140 mg/dL 

 
Prediabetes 

The vast majority of patients with Type 2 Diabetes initially had Prediabetes.  

Their blood glucose levels where higher than normal, but not high enough to merit  

a diabetes diagnosis. The cells in the body are becoming resistant to insulin. 

Studies have indicated that even at the Prediabetes stage, some damage to the circulatory 

system and the heart may already have occurred. 

 
Table 1.1 - Recommended Target Blood Glucose Level Ranges 

Causes of Diabetes  

Type 1 Diabetes  

- Viral or bacterial infection 

- Chemical toxins within food 

-Unidentified component causing 

autoimmune reaction 

- Underlying genetic disposition 

Type 2 Diabetes  

 Obesity 

 Living a sedentary lifestyle  

 Increasing age  

 Bad diet  

 Risk factors as pregnancy or illness 

Gestational Diabetes Causes 

The causes of diabetes in pregnancy also known as Gestational Diabetes remain unknown.   

 Overweight or obese 

 Suffer from polycystic ovary syndrome 

 Have had a large baby weighing over 9lb 

 Ethnicity - some ethnic groups have a higher risk of Gestational Diabetes 

Other Diabetes Causes 

There are a variety of other potential Diabetes causes (Figure 1.3). These include the 

following: 

 Pancreatitis or pancreatectomy – as a cause of diabetes. Pancreatitis is known to increase 

the risk of developing diabetes, as is a pancreatectomy.  

 Polycystic Ovary Syndrome (PCOS) – One of the root causes of PCOS  

is obesity-linked insulin resistance, which may also increase the risk of pre-diabetes and 

Type 2 Diabetes. 

Target Levels  

by Type 

Before meals  

(pre prandial) 

2 hours after meals 

(post prandial) 

Normal 70 to 106mg/dL under 140 mg/dL 

Type 2 Diabetes 72 to 126 mg/dL under 153 mg/dL 

Type 1 Diabetes 72 to 126mg/dL under 162mg/dL 

Children with  

Type 1 Diabetes 
72 to 144mg/dL under 180 mg/dL 

http://www.diabetes.co.uk/diabetes-and-obesity.html
http://www.diabetes.co.uk/diabetes-and-pregnancy.html
http://www.diabetes.co.uk/Diabetes-and-Weight-Loss.html
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 Steroid induced diabetes (steroid diabetes) is a rare form of diabetes that occurs due to 

prolonged use of glucocorticoid therapy. 

 
Symptoms of Diabetes 

People can often have diabetes and be completely unaware. The main reason  

for this is that the symptoms, when seen on their own, seem harmless .However, the earlier 

diabetes is diagnosed the greater the chances are that serious complications, which can result 

from having diabetes, can be avoided. A list of the most common diabetes symptoms is as 

follows: 

 Frequent urination / Disproportionate thirsty  

 Intense hunger / Weight gain  

 weight loss / Increased fatigue  

 Irritability / Blurred vision  

 Cuts and bruises do not heal properly or quickly  

 More skin and/or yeast infections  

 Itchy skin / Gums are red and/or swollen  

 Frequent gum disease/infection  

 Numbness or tingling, especially in feet and hands  

The Risks and Complications of Uncontrolled Diabetes 

If not controlled, diabetes can put at risk for a host of complications that can affect nearly 

every organ in the body. They include: 

 Heart and Blood Vessels 

 Eyes 

 Kidneys 

 Skin complication 

 Gums and Teeth 

 Cholesterol  

Diabetic Life 

Dealing with diabetes can be stressful. Strict diets, regular exercise and constantly 

monitoring glucose levels can be difficult for people to maintain. Daily medication or insulin 

shots can add to the stress. It is important for people who develop diabetes to keep up with 

their doctor visits and follow all instructions they are given. With the proper care and 

mentality, people diagnosed with diabetes are able to live happy and normal lives. 

 
Method 

Objectives  

 To test there is a relationship and compute the association between age and types of 

diabetes. 

 To test there is any association between age and severe diseases in prolonged diabetes. 

 To test there is any association between gender and diabetic condition. 

http://www.diabetes.co.uk/steroid-induced-diabetes.html
http://diabetes.webmd.com/default.htm
http://www.webmd.com/heart/picture-of-the-heart
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 To verify influence of diabetes on severe diseases like heart attack, bloods pressure kidney 

problems and cholesterol problems. 

Sampling  

Sampling is part of statistical practice concerned with the selection of a subset of individual 

observation within a population of individual intended to yield some knowledge about the 

population of concern, especially for purpose of making predictions based on statistical 

inference. 

The sample size is determine by using the formula,  

21 Ne

N
n


 ; Sample size n=30 

where,  N = population size 

  n = sample size 

  e = 0.05 (level of significance) 

Sampling Frame 

Sampling frame is the actual set of units from which a sample has been drawn: in the case 

of a simple random sample, all units from the sampling frame have an equal chance to be 

drawn and to occur in the sample. In the ideal case, the sampling frame should coincide with 

the population of interest “A list of diabetes patients” obtained from every hospital visiting a 

day. 

Data Collection 

Data observed or collected directly from first-hand experience is called primary data. In my 

paper, I Collected the data is of primary data type. The data are obtained by direct personal 

enquiry method using a standard  

 
Questionnaire 

Data Analysis and Interpretations 

Frequencies for Types of Diabetes 

The patients are suffering from the Diabetes are four types, which is defined  

by Type 1 Diabetes, Type 2 Diabetes, Gestational Diabetes and Prediabetes. They are measured 

and interpreted as below:  

Table 4.1 – Frequencies for Types of Diabetes 

 From the Table 4.1 & 

Figure 4.1 and shows that 

the types of diabetes 

among the people it shows 

clearly 55.3 per cent of 

people having Type 2 

Diabetes, 42.7 per cent of people having Type 1 Diabetes and 0.7 per cent of Gestational 

Diabetes and Prediabetes is 1.3 per cent. 

 

Types of Diabetes Frequency Percent 
Valid  

per cent 
Cumulative  

per cent 
Type 1 Diabetes  17 42.7 42.7 42.7 
Type 2  Diabetes 10 55.3 55.3 98.0 
Gestational  Diabetes 1 0.7 0.7 98.7 
Prediabetes 2 1.3 1.3 100.0 

Total 150 100.0 100.0 -- 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 133 

Figure 4.1 –Frequencies for Types of Diabetes 

Normality Test for Level of Diabetes 

Null Hypothesis (H0) 

The sample is drawn from the normal population. 

Alternative Hypothesis (H1) 

The sample is not drawn from the normal 

population. 

 

 

 
Table 4.2 – Frequencies for level of diabetes 

 

 

Figure 4.2– Normality for Level of Diabetes 

The above Table 4.2 & figure 4.2 shows that the 

sample is drawn from the Normal population. And it 

shows that more people are affected by diabetes 

with the range of 160-190.  

 
Correlation between the Age and Types of Diabetes  

Null Hypothesis (H0) 

There is no relationship between age and types of diabetes. 

Alternative Hypothesis (H1) 

There is relationship between age and types of diabetes. 

Table 4.3 Correlation between Age and Types of Diabetes 

From the above table 4.4 shows 

that the significant value is 0.02 

which is smaller than 0.05. So we 

reject to null hypothesis. Hence we 

concluded that there is a 

relationship between age and types 

of diabetes.  

Level of Diabetes Frequencies 
40-70 0 

70-100 1 
100-130 0 
130-160 4 
160-190 10 
190-220 3 
220-250 2 
250-280 2 
280-310 2 
310-340 2 
340-370 3 
370-400 0 
400-430 1 
430-460 0 
460-490 0 

Total 30 

Factors Methods Age 
Types of 
Diabetes 

Age 
Pearson correlation 1 0.190 
Sig (2-tailed) -- 0.020 
N 30 30 

Types of 
diabetes 

Pearson correlation 0.190 1 
Sig (2-tailed) 0.020 -- 
N 30 30 
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Correlation between the Duration of Diabetes and General Diseases 

Null Hypothesis (H0) 

There is no relationship between duration of diabetes and general diseases. 

Alternative Hypothesis (H1) 

There is relationship between duration of diabetes and general diseases. 

Table 4.6 - Correlations between Duration of Diabetes and General Diseases 

4.5 χ2 test for Age and Severe 

Diseases in Prolonged  

Null hypothesis (H0) 

There is no association between 

age and severe diseases in prolonged.  

Alternative hypothesis (H1) 

There is an association between 

age and severe diseases in prolonged. 

 

 
Table 4.7– Frequencies for Age 

From the table 

4.7shows that the diabetic 

patients were mostly 

affected by above 45 years 

and it moderate in 31 to 

45 age groups of patients, 

it is very low per cent of patient affected by less than 15 years and 12.7 per cent of patients are 

affected by 16 to 30 age groups. 

 
Simpson Paradox 

Null hypothesis (H0) 

There is no association between gender and diabetic condition.  

Alternative hypothesis (H1) 

There is association between gender and diabetic condition. 

Table 4.8 – χ2 Test for Gender and Diabetic Condition 

From the above table 4.8 

significant value is 2.98 and 

table value is 3.841 which is 

greater than calculated value 

and we accept the null 

hypothesis. And we concluded 

that there is no association 

between gender and diabetic condition. 

Factors Methods 
Duration of 

diabetes 
General 
diseases 

 
Duration of 
diabetes 

Pearson  
correlation 

1 -0.034 

Sig (2-tailed) -- 0.680 

N 30 29 

 
General 
diseases 

Pearson  
correlation 

-0.034 1 

Sig (2-tailed) 0.680 -- 

N 30 29 

Age category Frequency Per cent 
Valid  

Per cent 
Cumulative  

Per cent 
Less than 15 3 2.0 2.0 2.0 
16 to30 19 12.7 12.7 14.7 
31 to45 37 24.7 24.7 39.3 
Above 45 91 60.7 60.7 100.0 

Observed frequency 
(Oi) 

Expected frequency 
(Ei) 

𝒙𝟐 =
 𝒐𝒊 − 𝑬𝒊 

𝟐

(𝑬𝒊)
 

47 45.48 0.050 
37 45.48 1.581 
64 55.48 1.308 
57 55.48 0.041 

Total 2.981 
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Influence of Diabetes on Severe Prolonged Diseases 

Patients acceptance Blood pressure Heart disease Kindney problem Cholestrol 

Strongly Disagree 16.7 17.3 41.3 36.7 

Disagree 12.0 11.3 15.3 17.3 

Neutral 16.0 7.3 11.3 8.7 

Agree 22.7 17.3 10.7 16.7 

Strongly Agree 32.7 32.7 21.3 20.7 

Total 100.0 100.0 100.0 100.0 

 
Figure 4.3 – Severe Diseases Affected by Diabetic Patients 

From the figure 4.4 shows that the blood pressure is 

more affecting the diabetes patients and heart diseases is 

second, kidney problems is third and cholesterol is last  

in the severe diseases. 

 
Conclusion 

Findings & Collusions 

 Comparison of type 1 diabetes, type 2 diabetes, 

gestational diabetes and prediabetes, most of diabetic 

 patients are affected by Type 2 Diabetes with  55.3 percent, and Type 1 Diabetes 

patients are less than  affected by Type 2 Diabetes patients with percent is 42.7 

 Most of patients are affected by the diabetic level is 160-190. 

 Relation between the age and types of diabetes, they are positively correlated the 

significant value is 0.02 which is smaller than 0.05. According to age and types of diabetes 

is differing. Then we concluded that above 45 age group of patients are mostly affected by 

diabetes. 

 Comparison between severe diseases, most of diabetes patients are affected by blood 

pressure with 55.4 per cent, 50 per cent of diabetic patients are affected by heart diseases, 

which is second affected diseases, 37.4  percent of diabetic patients are affected by 

kidney problem and 31.4 per cent of diabetic patients are affected by cholesterol problem.  
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Abstract 

 The research article integrates Projection Based Learning with Radial Basis Function Neural Networks for 
classification problems. Radial Basis Function Neural Network is combined with Projection Based Learning and same has 
been proposed as research proposal for solving classification problems. The article clearly represents the working nature of 
both RBF and PBL- RBF. The performance of the neural networks is improved by means of projection based learning. The 
time taken for the execution is less, which has been evaluated by branch mark datasets taken from UCI repository 
especially for classification problems. The performance of the projection based learning is more with the conventional 
methods.  

Keywords: Projection Based Learning, Radial Basis Function Neural Networks, Neural Network, Classification, Learning 

Algorithm. 

 
Introduction 

Artificial Neural Network plays a vital role in the field of technology. Machines are made to 

learn through several learning algorithms. Especially for classification several machine 

learning algorithms are used for better performance results.   

Radial Basis Function (RBF) Neural Network is a three-layer feed-forward neural network, 

it is connected with a single hidden layer and it can solve any continuous function.  RBF neural 

network is widely used in the traditional classification problems and its architecture is showed 

in Figure 1. The weights of the RBF [2] [3] is optimized by genetic algorithms for improving its 

generalization ability.   

There are two kinds of parameters to be determined in RBF neural network; one is the 

center and its width of radial basis function, another one is the connection weights between 

hidden layer and output layer. Determining the center and width of the hidden layer neurons 

of the Radial Basis Function [4] is done using a statistical linear regression and its weight 

modification is done by traditional Gram–Schmidt algorithms.  

The classical Gram–Schmidt method is to determine the necessary number of hidden 

neurons in the hidden layer [5] for the required error in Radial Basis Function.  To initialize 

RBF network parameters, orthogonal least squares algorithm is used with a modified counter 

propagation network.  Build a short-term prediction system based on Echo System Networks 

[6] to improve prediction accuracy. The weights updating is done by Gram–Schmidt method 

[7] for standard Radial Basis Function Neural Networks. 

By means of literature review, several demerits were found. As a part of it, to update the 

network weight some papers applied projection based learning. Few research papers that are 

specific for time series data uses energy function to find optimal weights. Apart from these 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 138     K.S.R. College of Arts and Science for Women 

papers, some reviews on classification uses hinge loss error functions. For the betterment of 

classification problems, network weights can be enhanced by means of meta-cognitive RBF 

network (McRBFN) with the learning algorithm Projection Based Learning (PBL). For 

classification of medical datasets effective performance has been proved by Met-cognitive 

Interval Type-2 Neuro-Fuzzy Inference System (McIT2FIS). Also the classification 

performance on various datasets has been proved by modifying McRBFN and PBL.   

The PBL algorithm improves network accuracy by finding the optimum network weights. 

Hence, the proposed method is applied for classification problems and the purpose is to 

simplify the   network   architecture,   improve   the   training   rate    and generalization 

capability of the network. 

Fig.1 Architecture of Radial Basis Function Neural Networks 

Projection Based Learning Based Radial Basis 
Functions Neural Networks 

The Radial Basis Function Neural Network is a model 

which performs a nonlinear mapping from input space 
nR  to the linear output space mR . nR  is an input vector 

space that is denoted by 
i

x  (for i=1, 2, 3….n) and mR  is 

output vector space which is denoted by y (for i=1, 2….m).  

The 
thj  hidden neuron of the Radial Basis Function, 

which computes a Gaussian function as below 

( ) exp( ) 1, 2, ....
2

2

x c j
Z x j mi

i


                             (1)                                                                        

Where x is input vector with n dimension, c j  is the center of Gaussian vector of i and i   

is width of the hidden layer. The width of the hidden layer is calculated as follows,   

1 2
( )

1

mj
d c xj j i

im j

  


                            

(2) 

The weights updating process done by PBL when a samples is used to update the output 

layer weight parameter.  With the principle of minimizing error function and finding optimal 

network output weight the learning algorithm PBL executes. A sample entering into the output 

layer may require update to give optimal weight which can be done by PBL. The considered 

error function is the Hinge Loss Error Function at output neurons of RBF.  An energy function 

is the sum of squared hinge loss error at output neurons is considered as follows, 

, 1,2,...........,
1

i

n
iJ e i nj

j
 




             

                     (3) 

Where  
i

je is the hinge loss error function that is defined as follows  
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When 1if y  ,  the energy function for ith sample becomes as follows,  
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Where 
j

jy   is predicted output of the network and 
j

jy  is actual output of the datasets 
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With respect to zero, equating first partial derivative and re-arranging (7) and get as follow,  

1 1
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                                (8) 

By substitute 
1 1 1
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      and adding or subtracting the term 
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on both side 

reduced to  
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In finally, the output weight is updates as,  

1 1
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W W A h e

k k
 

                                           (10) 

This study utilizes the hinge lose error function [11] for estimating error rate between input and 

output relationship that minimizes an energy function.  For linear problems PBL identifies solution for 

optimal weights related to the minimum energy function.  

 
RBF 

 Three layered feed – forward neural network 

 Traditionally used to solve continuous functions 

 Weights are optimized through genetic algorithm  

 Used statistical linear regression and gram-Schmidt algorithm  to determine centre and width as 

well as to modify weight 

 Improves prediction accuracy by measures of echo system network 

 PBL 

 Simple network architecture 

 Finds optimal network weight with the principle of minimizing error function 

 Reduces run time with least testing samples 

 Hinge loss error function is used at output neurons of RBF while reduces misclassification errors. 
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Performance Evaluation 

The proposed model, Projection Based Learning-Radial Basis Function Neural Network is 

evaluated on familiar benchmark classification datasets and simulation works are conducted 

with help of MATLAB 2015. Datasets have been collected from UCI machine learning 

repository [12] and performance of the proposed model has been compared with conventional 

[13] Radial Basis Function (RBF). 

 
Description of Datasets 

 Fisher’s iris data set contains three different class of Iris flower, 4 types of attributes and 

which is collected from different 150 samples. 

 Wine dataset collected different 178 samples which contains 3 different types of class with 

13 features. 

 Wisconsin breast cancer dataset collected from various 683 samples with 2 types of class 

that characterized by 9 features 

 Glass, which are collected from of different types of 214 samples and characterized 6 

different types of class with 9 types of classes. 

 
Performance Measures 

The overall classification performance and average classification performance of the 

proposed model is measured in this paper.  The class level performance is measured by the 

percentage of classification  

100 %
ij

j

j

q

N
                                             (7) 

Where ijq is a total number of its correctly classified example in class j. jN the total number 

of examples which is belonging to a class j in the training or testing data set. 

The accuracy of the average per-class classification is calculated by  

1

1 n

a j
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                                                    (8) 

An overall classification accuracy calculated by  
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Discussions 

The class-wise performance measures of average, overall testing efficiencies are discussed 

below.  The performances of the proposed model result are shown in table 1. Table 1 also 

contains average testing performance on all 4 datasets.  

A proposed PBL-RBF algorithm performs well then RBF on all 4 datasets that obtained from 

the UCI machine learning repository for classification problems.  Average per-class 

classification accuracy, in terms of iris dataset, proposed neural network model, the 
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performance of the classification testing efficiency is improved by 4% than radial basis 

function. Efficiency of Wine datasets is improved between 2% to 3% than the Radial Basis 

Functions. 4% of efficiency is improved than RBF for Breast Cancer datasets. Applying in Glass 

dataset, the efficiency is improved by 2 % than Radial Basis Function.  

 
Table 1: Performance Analysis of PBL-RBF and RBF for classification 

1Projection Based Learning -

Radial Basis Functions 
2Radial Basis Functions 

The proposed model 

is improved in overall 

classification accuracy 

also. In terms of iris 

dataset it is improved by 5%, 2% is improved in both wine and cancer datasets and 1.8% is 

improved in using Glass datasets than RBF.  Figure 2 represents the performance of overall 

classification accuracy for all the 4 sample datasets. It is demonstrated that proposed method 

produces superior results than RBF for all datasets.   

 
Fig.2 Performance of the Proposed PBL-RBF 

 Conclusion 
This article projects that the feed forward 

neural network using Radial Basis Function 

where output weights are learned by Projection 

Based Learning algorithm is to reduce the run 

time with least testing samples and improved 

generalization performance of neural network 

architecture. Projection Based learning 

algorithm accurately estimates its output weight 

by hinge loss error in order to minimize the 

misclassification error.  The proposed system 

PBL-RBF has been evaluated with standard datasets and demonstrated which results in 4 % to 

5 % improvement on all datasets for class-level as well as average classification accuracy. 
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Abstract  

 Agriculture is the mother of all cultures. It play a vital role in the development of human civilization. But plant leaf 
diseases can damage the crops there may be economic losses in crops. Farmers judge the diseases by their experience but 
this is not accurate and proper way. Sometimes farmers call the experts for detecting the diseases but this also time 
consuming way. Image processing techniques gives the accurate and fast solution to solve this problem. Such techniques 
are beneficial for farmer as disease detection of leaves possible with minimal time and the accurate action are carried out 
in appropriate time. The proposed system is a software solution for detection and classification of plant leaf diseases 
automatically. The proposed system consists of four main steps, first a color transformation structure for the input RGB 
image is created, then the segmentation process, followed by  texture features are computed for the useful segments, finally 
the extracted features are passed through the classifier. The proposed method’s efficiency can successfully detect and 
classify the paddy leave diseases with an accuracy of 87.64%. 

Keywords: K-means clustering, leaf disease, neural network, Texture features. 

 
Introduction 

 India is an agricultural country wherein most of the population depends on agriculture. 

Research in agriculture is aimed towards increase of productivity and food quality at reduced 

expenditure, with increased profit. Many studies show that quality of agricultural products 

may be reduced due to plant diseases. Diseases are impairment to the normal state of the plant 

that modifies or interrupts its vital functions such as photosynthesis, transpiration, 

pollination, fertilization, germination etc. The existing method for detecting diseases of plant 

leaves is simply the naked eye observation by experts through which identification and 

detection of plant leaves diseases is done. This is time consuming and not accurate way of 

detecting diseases. The diseases mostly on leaves and on stem of plant. These diseases are 

caused by pathogens viz.., fungi, bacteria and viruses. Disease can infect paddy at all growth 

stages and all aerial parts of plant (Leaf, neck and node). Among the three leaves and neck 

infections are more severe. Small specks originate on leaves - subsequently enlarge into 

spindle shaped spots(0.5 to 1.5cm length, 0.3 to 0.5cm width) with ashy center. Several spots 

coalesce -> big irregular patches. Therefore, to detect and classify the plant disease in early 

stage is a significant task.  

 Rest of the paper is listed as follows. Section II presents survey methodology used for 

detecting plant diseases. Section III includes the brief review on various image processing 

techniques. Section IV presents results and discussion. Then section V concludes this paper 

along with possible future directions. 
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Literature Review 

 Many research papers are describing the advancement of image processing for detecting 

the disease in plant leaf and variety of methodologies  is described in this section. 

 Mr. V. A. Gulhane & Dr. A. A. Gurjar [1] have proposed support vector machines(SVM) for 

cotton leaf disease segmentation. First the input image was enhanced by using anisotropic-

diffusion technique. The resulting color pixels were clustered by the unsupervised self-

organizing feature map(SOFM) network and  obtained group of color in the image.  Genetic 

Algorithm was applied to obtain optimal color group then irrelevant pixels was eliminated by 

method of convolution and thresholding.  Then back propagation neural network was applied 

to extract cotton leaf color from diseased part of image. By using the Gabor filter they can 

separate different disease appearance features. They got 85 to 91% of exact disease detection 

result. 

 Diptesh Majumdar, Dipak Kumar Kole & Aruna Chakraborty [2] have recommended An 

Integrated Digital Image Analysis System for Detection, Recognition and Diagnosis of Disease 

in Wheat Leaves.  Using this integrated digital image analysis system they got 84.8% success 

rate. They first transformed the colored input image to a gray-level image using Hue-

Saturation- Intensity (HSI) transformation, then clustered  the grey-level-image using Fuzzy  

C-means Algorithm after that  multi-layered feed-forward back propagation Network  was 

used for classification. This system was trained by using 20 sample of wheat leaves and tested 

by 342 leaf images. Out of 342, 290 leaves were accurately detected.  

 Mr. Pramod S. landge, Sushil A. Patil, Dhanashree S. Khot, Omkar D. Otari, Utkarsha  

G.Malavkar [3] have suggested Automatic Detection and Classification of Plant Disease through 

Image Processing. The applications of color transformation and Neural Networks (NNs) have 

been formulated for classification of diseases that affect on plant leaves. The Plant of Maize is 

considered for this experiment and has successfully classified various diseases.  First, the RGB 

images of leaves were converted into Hue Saturation Intensity (HSI) color space 

representation, then based on specified threshold value the mostly green pixels were masked 

then they removed the masked cells then  the  remaining pixels were stored in binary image, 

From this binary image they  generated the matrix which contains values of 0 and 1. Then 

Neural Networks were used to automatically detect leaves diseases. 

  Jagadeesh D. Pujari, Rajesh Yakkundimath and Abdulmunaf S. Byadgi [4] have proposed 

Classification of Fungal Disease Symptoms affected on Cereals using Color Texture Features. In 

this paper they have compared two algorithms SVM(Support Vector Machine)  and 

ANN(Artificial Neural Network) for classification then finally  The performance of SVM 

classifier found to be better than ANN classifier for the work done. They were used image 

samples of cereals that showed visual symptoms of a fungal disease. These diseased regions 

were identified and segmented using k-means segmentation then Color texture features were 

extracted from each segmented region and used as inputs to a SVM and ANN classifiers.  

Classification accuracies between 68.5% and 87% were obtained using ANN classifier. The 
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average classification accuracies have increased to 77.5% and 91.16% using SVM classifier. 

The performance of SVM classifier found to be better than ANN classifier for the work done 

 Sanjeev S Sannakki, Vijay S Rajpurohit, V B Nargund, Arun Kumar R and Prema S Yallur [8] 

have suggested Leaf Disease Grading by Machine Vision and Fuzzy Logic. In this paper they grade 

the percentage of diseased affected in the leaf. First image preprocessing is done using  Gaussian 

filter to filter out the input images then K-means clustering used to segment the color image then 

diseases were graded by Fuzzy Logic using the formula PI= (AD / AT) *100 where PI - percent-

infection, AD - Total disease area (AD),  AT- Total leaf area. Fuzzy Inference System (FIS) is 

developed for disease grading input variable is Percent Infection and output variable is Grade.  

 
Proposed Methodology 

 

  

First, the images of various paddy leaves are acquired 

using a digital camera. Then image-processing 

techniques are applied to the acquired images to extract 

useful features that are necessary for further analysis. 

After that, several analytical techniques are used to 

classify the images according to the specific problem at 

hand.  

 

 

 

 

Fig.1 The Basic Steps for Disease Detection Algorithm 
The step-by-step procedure for identifying diseases in paddy leaves is as shown below:  

1. Acquire RGB image  

2. Convert the RGB image to L*A*B format; 

3. Segment the components using k-means function. 

4. obtain the useful segments; 

5. Compute the texture features from useful segmented image. 

6. Configuring the Feed-Forward Neural Networks for Training and Testing. 

 
Image acquisition  

 Firstly, the RGB color images are captured using a digital camera with required resolution 

for good quality. Image Preprocessing In preprocessing step to improve image data that 

removes background, noise and also suppress undesired distortions. It enhances image 

features for processing and analysis. The input RGB color image is converted into L*A*B color 

space. Because RGB is color dependent space model but L*A*B are color independent space 

model and this are also derived from human perception.  Lab color space is a 3-axis color 

system with dimension L for lightness and a and b for the color dimensions. Working with the 
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Lab color space includes all of colors in the spectrum, as well as colors outside of human 

perception. The Lab color space is the most exact means of representing color and is device 

independent. This accuracy and portability makes it suitable in a number of different 

industries such as printing, automotive, textiles, and plastics. Although the Lab color space is 

the most exact representation of color, it is not the most commonly used. Lab color is usually 

converted to less accurate color spaces, such as RGB and CYMK, because computer monitors 

and printers use either three or four colors to represent images. 

 
Image Segmentation 

 Segmentation used to find out the infected region from leaf image. Segmentation done by 

using k-mean clustering algorithm. Clustering is a method to divide a set of data into a specific 

number of groups. It’s one of the popular method is k-means clustering. In k-means clustering, 

it partitions a collection of data into a k number group of data. It classifies a given set of data 

into k number of disjoint cluster. K-means algorithm consists of two separate phases. In the 

first phase it calculates the k centroid and in the second phase it takes each point to the cluster 

which has nearest centroid from the respective data point. There are different methods to 

define the distance of the nearest centroid and one of the most used methods is Euclidean 

distance. Once the grouping is done it recalculate the new centroid of each cluster and based 

on that centroid, a new Euclidean distance is calculated between each center and each data 

point and assigns the points in the cluster which have minimum Euclidean distance. Each 

cluster in the partition is defined by its member objects and by its centroid. The centroid for 

each cluster is the point to which the sum of distances from all the objects in that cluster is 

minimized. So K-means is an iterative algorithm in which it minimizes the sum of distances 

from each object to its cluster centroid, over all clusters. Let us consider an image with 

resolution of x×y and the image has to be cluster into k number of cluster. Let p(x,y) be an 

input pixels to be cluster and ck be the cluster centers. The algorithm for k-means clustering is 

following as: 

1. Initialize number of cluster k and centre. 

2. For each pixel of an image, calculate the Euclidean distance d, between the center and each 

pixel of an image using the relation given below. 

 
3. Assign all the pixels to the nearest centre based on distance d. 

4. After all pixels have been assigned, recalculate new position of the centre using the 

relation given below. 

 
5. Repeat the process until it satisfies the tolerance or error value. 

6. Reshape the cluster pixels into image.  

 Feature Extraction After segmentation from the infected region various features are 

extracted to describe the infected region. In our proposed method we use texture based 

http://photo.net/digital-darkroom-forum/007Pps


Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 147 

features for region description.  Texture is one of the most important feature, the following 

texture features are used in our system.  Let i and j are the coefficients of co-occurrence 

matrix, M( i, j), is the element in the co-occurrence matrix at the coordinates i and j and N is 

the dimension of the co-occurrence matrix. 

Energy 

 Energy (E) can be defined as the measure of the extent of pixel pair repetitions. It measures 

the uniformity of an image. When pixels are very similar, the energy value will be large. It is 

defined as  

 
Entropy 

 This concept comes from thermodynamics. Entropy (Ent) is the measure of randomness 

that is used to characterize the texture of the input image. Its value will be maximum when all 

the elements of the co-occurrence matrix are the same. It is also defined as 

  
Contrast 

 The contrast (Con) is a measure of  intensity of a pixel and its neighbor over the image. In 

the visual perception of the real world, contrast is determined by the difference in the colour 

and brightness of the object and other objects within the same field of view. 

 
Inverse Difference Moment 

 Inverse Difference Moment (IDM) is a measure of image texture. IDM is usually called 

homogeneity that measures the local homogeneity of an image. IDM feature obtains the 

measures of the closeness of the distribution of the GLCM elements to the GLCM diagonal. IDM 

has a range of values so as to determine whether the image is textured or non-textured 

 
  Classification it is final stage in disease detection. It is identifying a rule according to 

selected features and assigning each disease to any one the predetermined classes. In our 

proposed system we use Feed-forward back propagation network for classifying the disease. 

The most widely applied neural network algorithm in image classification remains the Feed-

forward back propagation algorithm. Neural networks are composed of interconnected and 

interacting components called nodes or neurons. The term “feed-forward” indicates that the 

network has links that extend in only one direction. Except during training, there are no 

backward links in a feed-forward network; all links proceed from input nodes toward output 

nodes. Individual nodes in a neural network emulate biological neurons by taking input data 

and performing simple operations on the data, selectively passing the results on to other 

neurons (Figure 2). The output of each node is called its "activation". Weight values are 

associated with each vector and node in the network, and these values constrain how input 

data are related to output data. Weight values associated with individual nodes are also known 
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as biases. Weight values are determined by the iterative flow of training data through the 

network. Once trained, the neural network can be applied toward the classification of new 

data. 

 
Results and discussion 

 In our research we concentrate only on paddy leave diseases, we collected around 100 

paddy leaves with different diseases like bacterial blight, brown spot, narrow brown spot, rice 

blast etc., Figure 1 shows the diseased paddy leaves. 

 After getting the image first leaf 

image was enhanced to improve its 

quality. Enhanced input image first 

converted from RGB into L*A*B color 

space. After converting RGB to L*A*B 

segmentation was performed using k-

means algorithm. After segmentation 

we get only diseased part, from that 

segmented part texture features like 

energy, entropy, contrast, inverse 

difference moment, mean, standard 

deviation etc., are calculated. After 

getting useful features classification 

that is disease identification was done 

using Feed-forward back propagation 

neural network. The detection 

accuracy is 87.64%. Our Feed-forward back propagation network is shown in the following 

figure. There are three layers used in our network first one is input layer with 13 neurons as 

given as input to this layers next middle layer also called as hidden layer in hidden layer also 

there are 13 neurons and one output layer which output only one whether diseased or not, if it 

is diseased what kind of disease. 

 

 
Fig.3 Feed-forward back propagation network 

 

 
 

Bacterial Blight Brown Spot 

  

Narrow Brown Spot 
Disease and Pest Rice 

Blast 

Fig.2 Sample infected leaf images 
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Table.1 Detected Diseased region of various leaves 

Input Image Enhanced Image LAB image Segmented Image 

    

 

   

    

   
 

 
Conclusion 

 An automated detection and classification procedure was presented for detection of disease 

in paddy leave images.  For enhancement of leaf images contrast limited adaptive histogram 

equalization based method was used. For segmentation of images 𝑘-means clustering method 

was used. After segmentation of images, a total of 13 hybrid sets of features were extracted for 

classification. The Feed-forward back propagation network is the best suited classification 

algorithm for detection of non-diseased and diseased leaves of paddy plant image was used for 

classification. We are going to extend this work with different segmentation and classification 

algorithm. 
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Abstract 

 Mobile Ad-hoc networks are those network links are not physically connected among nodes. It is a combination of 
wireless mobile nodes that communicate with each other without any kind of centralized control or any device or 
established infrastructure. Therefore MANET routing is a complicated task to perform in dynamic network. The major 
issues that affect the performance of Mobile AdHoc Network (MANET) is network routing. Nowadays, position-based 
routing for MANET is found to be a very promising routing strategy to cover various factors. This paper compares protocol 
submissive between ZPR and STAR protocol in the area of Network delay, baud rate and jitter. 

 
Introduction 

 A survey of “internet live stat.com” has given strategy report more than 4.45 billion people 

of world population are unprecedented to access internet. MANET often suffer from security 

attacks because of the its features like open medium, changing its topology dynamically, lack of 

central monitoring and management, cooperative algorithms and no clear identifiable 

mechanism. These factors have changed the situation of the MANET against the security 

threats. MANETs must have a secure way for transmission and communication and this is 

quite challenging and vital issue as  there is increasing threats of attack on the Mobile 

Network.  In order to provide efficient communication and transmission, engineer must 

understand different types of routing strategy, attacks and their effects on the MANETs. 

 
AD-HOC Routing Protocols  

 The fundamental idea of a routing protocol is to deliver the messages from source to 

destination with enhanced performance in terms of delay and security. Routing protocols are 

generally necessary for maintaining effective communication between distinct nodes. Routing 

protocol not only discovers network topology but also built the route for forwarding data 

packets and dynamically maintains routes between any pair of communicating nodes. Routing 

protocols are designed to adapt frequent changes in the network due to mobility of nodes.  

 Routing protocols in MANETs are classified into three different categories according to 

their functionality.  

1. Reactive(On-demand) protocols  
2. Proactive(Table driven) protocols  
3. Hybrid protocols  
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Table Driven Routing Protocols 

 In Proactive or Table-Driven Routing Protocols, there are routing tables which contains 

the details and paths of routes to all the nodes. Routes are defined in the routing tables and as 

per path direction the packets are transferred to the routes. As route is already specified in the 

table so packet forwarding is speeder and as the routes have to be defined before transferring 

the packets so overhead is more. Due to route maintained at all the times network latency is 

low. highly used proactive routing protocols are Destination Sequenced Distance Vector 

(DSDV), Optimized Link State Routing (OLSR), Wireless Routing Protocol (WRP). 

 
On-Demand Routing Protocols 

 On-Demand Routing Protocols, routes are not defined. For transmission of packet, a source 

node calls for route discovery phase to determine the route. The route discovery mechanism is 

based on flooding algorithm which employs on technique that a node just broadcasts the 

packet to all its neighbours nodes and intermediate nodes forwards the packets to their 

neighbor nodes. Due to overhead is smaller latency is higher in reactive protocols. Reactive 

protocols like Dynamic Source Routing (DSR), Ad hoc On-Demand Distance Vector (AODV), 

Temporally Ordered Routing Algorithm (TORA). 

 
Hybrid Routing Protocols 

 Hybrid routing protocols are the combination of reactive and proactive protocols. These 

protocols exploit the hierarchical network architecture and allow the nodes with close 

proximity to work together to form some sort of backbone, thus increasing scalability and 

reducing route discovery. Nodes within a particular geographical area are said to be within the 

routing zone of the given node. For routing within this zone, Proactive. So table-driven 

approach is used. For nodes that are located outside this zone, Reactive so on demand 

approach is used. Hence in Hybrid Routing, the route is established with proactive routes 

nodes and uses reactive flooding for new mobile nodes.  

 In Hybrid Routing protocols, some of the characteristics of proactive and some of the 

characteristics of reactive protocols are combined, by maintaining intra-zone information 

proactively and inter-zone information reactively, into one to get better solution for mobile ad 

hoc networks. 

 
Zone Routing Protocol 

 Reactive routing also inefficiently floods the entire network for route determination. The 

Zone Routing Protocol (ZRP) aims to address the problems by combining the best properties 

of both approaches. ZRP can be classed as a hybrid  reactive/ proactive routing protocol. In an 

ad-hoc network, it can be assumed that the largest part of the traffic is directed to nearby 

nodes.  
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      Figure 1 Architecture or ZRP 

Therefore, ZRP reduces the proactive scope to a 

zone centered on each node. In a limited zone, the 

maintenance of routing information is easier. 

Further, the amount of routing information that is 

never used is minimized. Still, nodes farther away 

can be reached with reactive routing. Since all nodes 

proactively store local routing information, route 

requests can be more efficiently performed without 

querying all the network nodes.  

 Despite the use of zones, ZRP has a flat view over the network. In this way, the 

organizational overhead related to hierarchical protocols can be avoided. Hierarchical routing 

protocols depend on the strategic assignment of gateways or landmarks, so that every node 

can access all levels, especially the top level. Nodes belonging to different subnets must send 

their communication to a subnet that is common to both nodes. This may congest parts of the 

network. ZRP can be categorized as a flat protocol because the zones overlap. Hence, optimal 

routes can be detected and network congestion can be reduced. Further, the behavior of ZRP is 

adaptive. The behavior depends on the current configuration f the network and the behavior 

of the users.  

Route Discovery Process 
The discover process of ZRP operates as follows [12]: 

 The source node first checks whether the destination is within its zone. If so, destination 

node is known and no further route discovery process is required. 

 If the destination is not within the routing zone of source, the source node bordercast a 

route request to its peripheral nodes. 

 The peripheral nodes checks whether the destination node is within their node or not.  

If so, a route reply is sent back to the source node indicating the route to the destination.  

 If the destination node is not available in the routing zones of peripheral nodes, route 

requests are forwarded to their peripheral nodes. 

 
Route Maintenance 

 Route maintenance is important in ad hoc networks, in which links are broken and 

established as nodes moves relatively to each other with limited radio coverage. Route 

discovery or route repair must be performed if the route broken or fails. Until the new route is 

available, packets are dropped or delayed. In ZRP, the knowledge of the local topology can be 

used for route maintenance. Link failures and sub-optimal route segments within one zone can 

be bypassed. Incoming packets can be directed around the broken link through an active 

multi-hop path. The topology can be used to shorten the routes, for example, when two nodes 

have moved within each other’s radio coverage. For routed packets, a relaying node can 

determine the closet route to the destination that is also a neighbour. 
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Source Tree Adaptive Routing (STAR) Protocols  

 STAR is proposed as an efficient link-state protocol. STAR protocol, every node broadcasts 

its source-tree information. The source-tree of a node consists of the wireless links used by the 

node in its preferred path to destinations. Every node, using its adjacent links and the source-

tree broadcast by its neighbors, builds a partial graph of the topology. During initialization, a 

node sends an update message to its neighbors. Also, every node is required to originate 

update messages about new destinations, the chances of routing loops, and the cost of path 

exceeding a given threshold. Hence, each node will have a path to every destination node.  

 In the absence of reliable link layer broadcast mechanism, STAR uses the path-finding 

approach. Dijkstra’s shortest path algorithm is then run on the constructed topology graph to 

choose a path to the destination. Thus, STAR belongs to the category of routing protocols 

based on minimum-weight path based routing.  

 STAR can operate in two ways. Optimum Routing Approach (ORA) and the Least Overhead 

Routing Approach (LORA). The ORA protocols attempt to update routing information quickly 

enough to provide optimum paths with respects to the defined metric (which may be the 

lowest of hops), but with LORA, the routing protocol attempts to provide feasible paths that 

are not guaranteed to be optimal, but involve much less control overhead. The use of the LORA 

approach in this table-driven routing protocol reduced the average control overhead 

compared to several others on-demand routing protocols.  

 STAR requires a Neighbor Protocol, which ensures that new neighbors and leaving 

neighbors are detected in finite time.  Simulation parameter for Physical and Mac layer ORA 

LORA. Chosen when the route updates are generated and update  packets are broadcast 

Generates routing update when it finds a new destination or destination becomes unreachable 

or when notices a possible routing loop It has an advantage that it eliminated the periodic 

updating procedure present in the link state algorithm by making update dissemination 

conditional.  Reduced the amount of rating overhead disseminated into the network. In this 

routing protocol each node discovers and maintains the information of the network and builds 

the shortest path tree (source tree).  

 The mechanism of this protocol involves the detection or discovery of neighbors and 

exchange of topology information (update packets) among nodes. There are two alternate 

mechanisms to discover neighbors: When node receives hello message it dissolves a new 

neighbor. When node does not receives any hello message it has  been determined that this 

neighbor is broken or out of its range. In this section, the effect of two on-demand routing 

protocols, namely Source Tree Adaptive Protocol (STAR) and Zone Routing Protocol (ZRP) are 

analyzed on static ad-hoc network. The analysis is made on the basis of throughput and data 

reception at FTP and FTP generic servers respectively. The Qualnet network simulator is used 

to simulate the network. The simulated network is shown in Fig 3 and Fig 4.  
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Result Analysis  

 In this section, clustered column 

histogram is used to compare 

throughput, jitter and no. of bytes 

received by server end for  both the 

protocols in terms of FTP and FTP 

generic applications  

 
 

 

 

FTP Comparison  

Fig.4 Comparison of throughput on   Fig.5 Comparison of no. of bytes received on 

  FTP server nodes         FTP server 

 

 

 
 

  

 

 

 Fig 4 and Fig 5 shows the comparison of STAR and ZRP routing protocols using FTP 

application.   

 
Throughput  

 The average rate of successful message delivery over the simulated network, i.e. 

throughput is compared at the server nodes. It is clear from Fig 4, that the average throughput 

at server nodes in FTP application is better in case of ZRP routing protocol.  

Fig.4. Comparison of throughput on FTP server nodes 

  
Data Received  

Fig.6 Comparison of throughput on    Fig.7 Comparison of no. of bytes 
FTP generic server nodes    received on FTP server node 

 

 

 

 

 

 

 

Fig.2 The simulated 
network for  

FTP applications 

Fig.3 The simulated  

network for FTP generic 

applications 
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 Fig 5 shows the comparison of the number of bytes received at FTP server nodes for ZRP 

and STAR routing protocols, and it’s clear from the figure that the number of bytes received by 

FTP server nodes is either same or higher in case of ZRP routing protocol. So, it’s clear that 

data loss in case of the ZRP routing protocol is less, hence ZRP is better routing  protocol. Fig 5. 

Comparison of no. of bytes received on FTP server nodes  

 
FTP generic comparison  

 Fig 6 and Fig 7 shows the comparison of STAR and ZRP routing protocols using FTP 

generic application 

 
 Throughput 
 The average rate of successful message delivery over the simulated network, i.e. 

throughput is compared at the server nodes. It is clear from Fig 6, that the average throughput 

at server nodes in FTP generic application is better in case of ZRP routing protocol. Fig 6. 

Comparison of throughput on FTP generic server nodes 

 
 Data Received  
 Fig 6 shows the comparison of the number of bytes received at FTP generic server nodes 

for STAR and ZRP routing  protocols, and it’s clear from the figure that the number of  bytes 

received by FTP generic server nodes is either same or higher in case of ZRP routing protocol. 

So, it’s clear that data  

 
Fig.8 Comparison of no. of bytes received on  

FTP generic server node 

Conclusion 

 This paper has compared the two routing 

protocols named STAR and ZRP for FTP applications. 

The throughput at server nodes in FTP and FTP 

generic application is better in case of STAR routing 

protocol and the number of bytes received by FTP and 

FTP generic server nodes is either same or higher in 

case of STAR routing  protocol. So, it’s clear that data loss in case of the ZRP routing protocol 

may be high, hence STAR is better routing protocol than ZRP. 
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Abstract 

In this study, the associate degree automatic formula (support vector machines, SVM) to acknowledge the abnormal 
fetal pattern the timings of fetal germ layer events is proposed on the premise of analysis of at an equivalent time recorded 
fetal cardiogram (FECG) and Doppler ultrasound (DUS) signal. FECG and DUS signals from 121 fetal were analyzed. 
Photonic vibration Photonic vibration analysis was accustomed link the frequency contents of the Doppler signals with the 
opening (o) and closing(c) of the neural valves. EDT is applied to inform apart the lepton price, this photonic vibration 
price accustomed simulated the lepton behavior and this lepton is regenerate into issue price. This issue card price is used 
to identify the defects, throughout this case syndrome is studied to identify the flaw in it and the methodology uses 
Triangulation and EDT to transform the pixel value into electronized value to identify the defects in a sonography image. 

 
Introduction 

Good health among the developing human fetal is important to the long term well-being of 

degree adult. A minimum of eight in one, 1000 infants born per annum have a brain defect and 

inborn vas defects square measure gift in regarding 100 and twenty fifth of live births [1]. 

Fetal graphical record and Christian Johann Doppler ultrasound signals provide clinically vital 

information regarding the state of a fetal. The analysis of fetal neural activity has received 

restricted attention. It’s notable that inborn brain defects (CHD) and fetal distress (e.g. low O 

levels in fetal) square measure the foremost common major causes of inborn abnormalities 

and fetal mortality [2]. The determination of CHD and abnormality throughout fetal life, where 

the examiner ought to touch upon a patient administrative unit cannot be pictured directly 

and is found within another individual, presents distinctive challenges. To info, definitive 

process of this inborn syndrome has not been painted. The primary identification of a standing 

is vital to predict come-at-able complications and to want applicable decisions Visual analysis 

of the CTG has not been shown to boost long-term outcome in low-risk gestation, 

presumptively as a results of inaccurate and inconsistent interpretation [3] usually abnormal 

variability in fetal brain rate might not primarily represent the craniate in distress. 

The pulsation time intervals (STI) of the fetal neural activity unit of measurement rumored 

to be sensitive markers of fetal neural activity performance [4]. There is a method that uses 

pulsation interval (STI) which could be calculated with Associate in nursing invasively 

measured fetal illustration (FECG) via scalp electrodes and a Doppler effect of ultrasound 

beam reflected from moving valves of the fetal heart. All the same the importance of 

observation fetal neural activity performance with the pulsation time intervals, the reasons 

why it isn't been wide applied in clinical apply embrace the matter in obtaining a reliable 

coincident recording of fetal graph and Christian Johann Doppler ultrasound signals. A 

tendency is reported that correlations among the timings in gap and shutting of neural activity 

valves were found to be higher in abnormal fetal than that in traditional ones. Therefore, it had 

been hypothesized that Associate in Nursing machine-driven model would be higher 
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appropriate  for  constructing relationship among valve’s temporal order intervals extracted 

from at the same time recorded Christian Johann Doppler Ultra Sound (DUS) and fetal ECG 

signals, and therefore the presence or absence of brain abnormality. Support Vector Machines 

(SVM) has recently emerged as a powerful tool for general purpose pattern recognition. In this 

study, SVMs will automatically diagnose abnormal fetal prenatally on the basis of the timings 

of fetal neural activity. 

 
Methods 

Data 

Simultaneous recording of the quiet signals and scientist ultrasound signals from 121 

pregnant ladies at the gestational age of 28~36 weeks with ancient single pregnancies and 

eight pregnant ladies administrative unit were diagnosed to possess fetal abnormalities (brain 

anomaly (5), LQT syndrome with brain anomaly (2), acute drive for early separation of 

placenta (1)) were collected from Tohoku University Hospital. A total of 29 recordings (each of 

1 minute’s length) were sampled at one thousand Hertz with 16-bit resolution. The study 

protocol was approved by Tohoku University Institutional Review Board and written consent 

was obtained from all subjects. FECG traces were extracted using a strategy that mixes 

cancellation of the mother’s graphical record signal and additionally the blind provide 

separation with reference (BSSR) as delineate in the earlier study. 

 
Photonic Vibration Analysis and Feature Extraction 

Interpretation of DUS signals in relevance neural activity valve movements has been 

performed practice time frequency Photonic vibration analysis [8]. One example of DUS 

signals over a neural activity cycle (from R peak to next R-peak of simultaneously recorded 

FECG signal) along with and their approximate and details signals at level a try of Photonic 

vibration decomposition square measure shown in Fig. 1. The timings of arterial blood vessel 

and cardiac valve motions (in Fig. one panel D) of the events highlighted within the DUS were 

elucidated and verified by periodical scientist ultrasound in the previous study [5,8].  

In  order to watch  the  peak  timings  of artery  valve’s motion events, the time durations 

from R wave among every RR interval chosen for every event were zero.05~0.10 sec for Ao 

and zero.14~0.26 sec for  Ac. On the opposite hand, for mitral valve’s relative timings, 

0.00~0.05 sec for megahertz and zero.26~0.33 sec for Mo were employed in calculation. The 

correlations of RR with RMc, RAo, RAc and RMo were used as options. 

 
Automated Recognition 

Then features were used as input options to the Support Vector Machines (SVM) model, 

and an output representing the fetus types (+1 = abnormal, -1=normal) for learning the 

complicated relationship of features with the potential of fetal condition (normal or 

abnormal). All SVM architectures were trained and tested on the MATLAB SVM toolbox [9]. 

SVM is an approximate implementation of the method of “structural risk minimization” aiming 
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to attain low likelihood of generalization error and finds the best separating hyper plane 

(OSH) by increasing the margin between the categories [6].  

Regularization parameter (‘C’) determines the tradeoff between the most margin and 

minimum classification error. SVM initial transforms input data into the next dimensional area 

by means that of a kernel perform then constructs a linear (OSH) between the 2 categories 

within the transformed area. 

Figure 1. Panel (A) shows an example of Doppler Ultrasound signals from electronic fetal 

monitor 116 over an RR interval of zero.41 second. Panel (B) shows its approximate signal at 

level two. Panel (C) shows the careful signal when Photonic vibration decomposition of (A) at 

level two. Panel (D) shows the cube-shaped splines envelope of maxima of the careful signal in 

panel (C). Ao and Ac represent the gap and shutting of aortic valve. Mo and Mc represent the 

gap and shutting of mitral valve. 

Fig.1 Corrletaion Frequency in the sonogrpahy image 

  
Those information vectors nearest to the created line within the reworked area area unit 

known as the support vectors (SV).an summary of SVM pattern recognition will be found in 

[9,10]. During this study, we tend to experimented with 3 kernels as follows. 

1. Linear kernel, K (xi,xj)=xi.xj 

2. Polynomial kernel, K (xi,xj)=(xi.xj+1) the degree of 

polynomial 

3. Radial basis function (RBF) kernel, 

A leave-one-out cross-validation theme was adapted to gauge the generalization ability of 

the classifier. throughout this theme the data set was uniformly divided into twenty 9 subsets 

with one used for testing and additionally the remaining twenty eight records accustomed 

train and construct the SVM decision surface and tune the parameters for different classifiers. 

This was continual for different subsets therefore all subsets were used as a result of the 

testing sample. The accuracy, sensitivity and specificity were used   to   assess   the   

performance   of   the   classifiers. 

Accuracy indicates overall detection accuracy; sensitivity is outlined as a result of the 

flexibility of the classifier to accurately acknowledge Associate in nursing abnormal foetus 

whereas specificity would indicate the classifier’s ability to not generate a false negative 

(normal fetal). 
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Results 

Significant correlations were 

found among valve timings in 

abnormal fetals as compared there 

to normal fetals. R-Ao was found to 

be powerfully correlative (r=0.36, 

p=0.0013) with R-R intervals in 

abnormal fetals. On the other hand, 

very weak correlation   (r=0.08,   p=0.459) was found in normal fetals. Correlation (Corr) 

between R-R and R-Mc was found to be positive for normal fetals, however, negative for 

abnormal fetals. 

Results of leave-one-fetal-out cross-validation tests on classification performance (overall 

accuracy, sensitivity and specificity) of the SVM as a function of number of Corr (RR,RMc) and 

Corr (RR, RAo) features were summarized in Table 2. Tests were conjointly conducted to 

examine performance of the SVMs for {different|for various} kernel functions and different 

regularization parameters ‘C’ values (0.1, 1.0, 10).  It's interesting to appear at classification 

performances on take a look at set that 100 percent accuracy was obtained mistreatment 

polynomial  kernel (d=3) with a set of 2 options. 

 
Discussion and Conclusion 

This study was designed to check 

the ability of a SVM model for 

screening the abnormal fetals 

mistreatment the correlations among 

craniate neural activity valve’s 

temporal order intervals. The results 

incontestable that mistreatment a 

combination of Corr (RR,RMc) and 

Corr(RR, RAo), the polynomial kernel 

(d=3) offers 100% accuracy  with  the 

price  of regularization parameter, 

C=10. The findings show the 

numerous correlation of R-Ao with 

RR intervals in abnormal fetals. To 

speculate the management 

mechanism for brain contraction in 

abnormal fetals are completely 

different from that in healthy fetals. That might relate to the rigidity of the craniate brain 

contraction system in abnormal fetals. Less flexibility in neural activity valves’ gap and 

shutting within the abnormal fetals could have contributed to considerably correlative valve 

movement and temporal order intervals.  In abnormal fetals, VI brain anomaly cases had series 

of Etienne-Louis Arthur Fallot and double outlet right ventricle, whereas two LQT syndromes 

Fig.2 Sampled rate output  
respect to the intensity 

   Fig.3 Spotted image with  
Peak speculation 

  

Fig.4 Traingulated image after convering 

  
Fig.5 Representing the  

EDT method 
Fig.6 Disorder 

Analyzation 
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with brain anomaly had single ventricle and dilatation of heart.  In spite of distinction in 

abnormalities, disfunction of   the management   system   in   brain anomaly   or   acute 

emergency state of foetus might be thought-about a standard issue behind the importance in 

correlation parameters. However the precise clarification needs more analysis which can be 

tried within the future study. Multire solution Photonic vibration analysis enabled the 

frequency contents of the physicist| physicist signals to be joined to the gap and shutting of the 

arteria and mitral valves that was confirmed by M-mode and periodic Doppler in the previous 

study [5]. These results recommend potential clinical application for automatic recognition of 

craniate compromise and distress like craniate heart condition, hypoxia and brainfailure. 
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Abstract 

In this paper, a 2D to 3D stereo image conversion scheme is proposed for 3D content creation. The difficulty in this 
problem lies on depth estimation/assignment from a mono image, which actually does not have sufficient information. 
To estimate the depth map, we adopt a strategy of performing foreground/background separation first, then classifying a 
background depth profile by neural network, estimating foreground depth from image cues, and finally combining them. 
To enhance stereoscopic perception for the synthesized images viewed on 3D display, depth refinement based on bilateral 
filter and HVS-based contrast modification between the foreground and background are adopted. Subjective experiments 
show that the stereo images generated by using the proposed scheme can provide good 3D perception.  
Keywords: Depth Map; Saliency; 3D; Stereoscopic ; Non-local Random Walk; Contourlet Transform ; Fuzzy Geodesic 

Propagation. 

 
Introduction  

Recently, several researchers have developed automatic and real-time 2D to 3D 

transformation technique. Though, lack of a non-fatigue 3D content era approach is 

predicament for 3D display industry. If any method is satisfied by two constraints, then the 

method is sufficient to be applied to 3DTV. The principal may be an ongoing issue and the 

other may be coincidently disposal for human eye weariness for an in length viewing duration 

of the time. Therefore, we proposed a programmed automatic and real time 2D to 3d 

converting strategy decreasing human eye weariness starting with huge changes of depth 

between image frames.  

A typical 2D-to-3D conversion process consists of two steps: depth estimation for a given 

2D image and depth-based rendering of a new image in order to form a   stereo pair. While the 

rendering step is well understood and algorithms exist that produce good quality images, the 

challenge is in estimating depth from a single image (video). Therefore, throughout this paper 

the focus is on depth recovery and not on depth-based rendering, although we will briefly 

discuss our approach to this problem later. 

There are two basic approaches to 2D-to-3D conversion: one that requires a human 

operator’s intervention and one that does not. In the former case, the so-called semi-automatic 

methods have been proposed where a skilled operator assigns depth to various parts of an 

image or video. Based on this sparse depth assignment, a computer algorithm estimates dense 

depth over the entire image or video sequence. The involvement of a human operator may 

vary from just a few scribbles to assign depth to various locations in an image to a precise 

delineation of objects and subsequent depth assignment to the delineated regions. 
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Related Work 

There are 3 sorts of methodologies for 2D-to-3D conversion: manual method, 

semiautomatic method and automatic method. Sotiris diplaris [1] proposed an algorithm for 

steroscopic image sequences. The generation of stereoscopic scenes is possible even when 

multiple moving rigid objects exist in the scene, but the EKF estimation is not good when 

applied in the whole scene. 

The principle goal of this paper is to build up a novel approach for 2D - 3D transformation 

of brain images. The three-dimensional (3D) displays required the axes and angle data for 

dimensional view which is occupied with the anticipated 2D substance. This work introduces a 

novel approach that automatically changes over 2D images into 3D in light of axonometric 

projection and focusing on axis of image. In work strategy, the proposed system combines the 

three diverse axonometric projections and demonstrating this as a new method in Tri-metric 

projection.  Projection applies in 2D records which we need to change over in 3D. This method 

is useful in 2d to 3D conversion with a superior view and it requires less period for 

transformation since researchers are utilizing three diverse projection strategies together for 

an excellent outcome. 

W.-N. Lie [6] based on block size of the depth map. K.Karsch [7] proposed a non-

parametric sampling method for depth extraction. This calculation accept that moving items 

contact the ground, and subsequently may fall flat for airborne articles. Because of the serial 

way of this system is inclined to engendering blunders through the stages. Miao Liao, Jizhou 

Gao [8] proposed video stereolization. The real curiosity of the system lies in the usage of 

movement earlier investigation. Guo-Shiang [9] proposed 2D to 3D picture transformation in 

view of order of foundation profundity profiles. To create background depth profiles the 

system uses neural network so time consuming is one problem.  

Pan J [10] proposed an automatic method. However depth consistency is poor in indoor 

scenes. Nicole Brosch [11] proposed segmentation-based depth propagation in videos. It is 

done by user interaction, so hard to implement 3D video in real-time. Lai-Man Po[12] this 

algorithm creates 3D video with high visual quality . On the other hand, the real downside of 

this plan is that the computational prerequisite is high. J. Konrad [15] proposed learning 3D 

scene structure. The created red/cyan image images produce an agreeable 3D observation 

however are not totally drained of contortions. Lei Wang [13] proposed example-based video 

stereolization. However this algorithm is restricted to a database of indoor scenes. 

 
Proposed Method 

In this approach axonometric projection is carried out and all 3 axonometric techniques 

are combined for an innovative axonometric projection approach for a flawless 3D image 

projection, viewing and for conversion of 2d to 3d imaging. Here axonometric projection is 

applied in 2D objects or images for Tri-metric technique. 

With the avail of proposed methodology all axonometric projection are utilized together at 

the same time. It will be benign for 2D to 3D object conversion which works under our desktop 
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application. In Axonometric projection all three projection works individually with different 

projection features like, Isometric projection shows all axis direction are identically 

tantamount from initial object point, Dimetric projection substantiates two axes are identically 

tantamount and third are different, Trimetric projection having all different axes directions. 

Trimetric is ample for the projection of images but this technique applied in a single image, 2D 

to 3D image conversion is not possible by a single image for this quandary first we have to 

calculate depth and later we have to utilize Contourlet transform for distribution of image. 

An amalgamation of Contourlet transform, depth-map estimation and trimetric projection 

is a novel method was proposed to engender a merge of axonometric projection which is a 

proposed methodology for conversion of 2D to 3D imaging utilizing function of axonometric 

projection and our desktop application. The projection applies in 2D records for conversion of 

its axis, later it will converted to 3D brain image. This technique is auxiliary in 2d to 3D 

conversion with an ameliorated view and it takes less time for conversion because three 

different projection techniques are utilized together for an exceptional result. 

In the 2D configuration, only two coordinates X and Y are used but in 3D, an extra 

coordinate Z is added. 3D graphics techniques and their functions are basic to the 

entertainment, games, and computer-aided design industries.  

Then we come to 3D images we must know that a simple 3D image is created by two 

images from an object, but from different angles, one per eye. Then brain can use this 

difference and create a depth map for itself. This will give it an idea of the outer world, how 

objects are near or how they are far. Here we are introducing axonometric projection and 

applying it in 2D for a most excellent view of 3D image after conversion. Three different types 

of axonometric projections are: Isometric, Dimetric and Trimetric projections.  

 
Axonometric Projection  

Axonometric projection is a type of parallel projection energetic about making a realistic 

representational for a object, where the item is orbited. "Axonometric" denotes “to measure 

along axes". Axonometric projection shows an representation for an item likewise broke down 

from a skew bearing for kind will uncover more than particular case side done 

indistinguishable picture. 

1. Isometric projection has equal foreshortening by the side of all of the three axis directions.  

2. Dimetric projection has equal foreshortening next to two axis directions and a special 

amount of foreshortening along the third axis. This is since it is not tipped a same amount 

to all of the prime planes of projection.  

3. Trimetric projection has unrelated foreshortening along all three axis directions. This view 

is produced by an object that is not equally tipped to any of the planes of projection.  
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Flowchart of proposed method 
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Depth-map Estimation  

Initially, a depth is calculated for a single image because 2D to 3D conversion is not 

possible by a single image and then convert to other shaded images for multiple images and 

for this purpose later Haar-Wavelet method is applied for distributing image. To obtain depth 

information, the transmission estimation method that widely used in haze removal is espouse. 

For this purpose, the dark channel prior and a guided filter are used to estimate the depth 

map. Particularly, the atmospheric light A for the image I is calculated first. Most algorithms 

estimate A from the pixels with maximum intensities, which is fast but not accurate. The depth 

map is calculated based on the image degradation model, for the haze image, the initial depth 

map m(x, y)is estimated at first, this process can be written as  

 
Quantization may cause some similar colors to be seperated to different values, thus a 

saliency smoothing step is also included in this procedure [11]. The original saliency value 

computed according to (1) is replaced by the weighted average of the saliency values of similar 

colors (in L*a*b* distance). The new saliency value is given by 

 
where T Dcc is the sum of distances between color c and its m nearest neighbors. Saliency 

smoothing makes similar colors to have closer saliency value, which not only reduces 

quantization artifacts, but also alleviates the color block effect. The color block effect in depth 

generation is that different color blocks on the same object are assigned to different depth 

when using color as the depth clue. 

 
Depth Map Generation using Non-Local Random Walk 

A random walk is a mathematical object, known as a stochastic or random process, that 

describes a path that consists of a succession of random steps on some mathematical space 

such as the integers. For example, the path traced by a molecule as it travels in a liquid or a 

gas, the search path of a foraging animal, superstring behavior, the price of a 

fluctuating stock and the financial status of a gambler can all be approximated by random walk 

models, even though they may not be truly random in reality. As illustrated by those examples, 

random walks have applications to many scientific fields including 

ecology, psychology, computer science, physics, chemistry, and biology, and also to economics. 

Random walks explain the observed behaviors of many processes in these fields, and thus 

serve as a fundamental model for the recorded stochastic activity. As a more mathematical 

application, the value of pi can be approximated by the usage of random walk in agent-based 

modelling environment. The term random walk was first introduced by Karl Pearson in 1905.  

https://en.wikipedia.org/wiki/Mathematical
https://en.wikipedia.org/wiki/Random_process
https://en.wikipedia.org/wiki/Random
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Foraging
https://en.wikipedia.org/wiki/Superstring
https://en.wikipedia.org/wiki/Random_walk_hypothesis
https://en.wikipedia.org/wiki/Gambler
https://en.wikipedia.org/wiki/Ecology
https://en.wikipedia.org/wiki/Psychology
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Economics
https://en.wikipedia.org/wiki/Statistical_model
https://en.wikipedia.org/wiki/Stochastic_process
https://en.wikipedia.org/wiki/Karl_Pearson
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Various types of random walks are of interest, which can differ in several ways. The term 

itself most often refers to a special category of Markov chains or Markov processes, but many 

time-dependent processes are referred to as random walks, with a modifier indicating their 

specific properties. Random walks (Markov or not) can also take place on a variety of spaces: 

commonly studied ones include graphs, others on the integers or the real line, in the plane or 

in higher-dimensional vector spaces, on curved surfaces or higher -dimensional Riemannian 

manifolds, and also on groups finite, finitely generated or Lie. The time parameter can also be 

manipulated. Random walks are a fundamental topic in discussions of Markov processes. Their 

mathematical study has been extensive. Several properties, including dispersal distributions, 

first-passage or hitting times, encounter rates, recurrence or transience, have been introduced 

to quantify their behaviour. 

 
Brain Segmentation using on Fuzzy Geodesic Propagation 

During geodesic propagation, each vertex has three statuses: labeled, reachable and 

unlabeled. The labeled vertex is assigned label determinately, as well as its minimal geodesic 

distance. The set of reachable vertices includes the neighbors around the labeled vertices. The 

reachable vertices are sorted according to their geodesic distance and put into the ordered 

queue QR. Other vertices are marked as unlabeled to indicate that the geodesic propagation 

has not reached them yet. iteratively selects the vertex vi of the minimum distance in the 

reachable queue QR, sets vi as labeled, and propagates labels to its neighboring vertices, until 

the reachable queue is empty. 

 
Contour let Transform 

Contour lets form a multire solution directional tight frame designed to efficiently 

approximate images made of smooth regions separated by smooth boundaries. The Contour 

let transform has a fast implementation based on a Laplacian Pyramid decomposition followed 

by directional filter banks applied on each band pass sub band. The Contour et transform uses 

a double filter bank structure to get the smooth contours of images. In this double filter bank, 

the Laplacian pyramid (LP) is first used to capture the point discontinuities, and then 

a directional filter bank (DFB) is used to form those point discontinuities into linear 

structures. 

The Laplacian pyramid (LP) decomposition only produce one bandpass image in 

a multidimensional signal processing, that can avoid frequency scrambling. And directional 

filter bank (DFB) is only fit for high frequency since it will leak the low frequency of signals in 

its directional sub bands. This is the reason to combine DFB with LP, which is multiscale 

decomposition and remove the low frequency. Therefore, image signals pass through LP sub 

bands to get band pass signals and pass those signals through DFB to capture the directional 

information of image. This double filter bank structure of combination of LP and DFB is also 

called as pyramid directional filter bank (PDFB), and this transform is approximate the 

original image by using basic contour, so it is also called discrete contour let transform. 

https://en.wikipedia.org/wiki/Markov_chain
https://en.wikipedia.org/wiki/Markov_process
https://en.wikipedia.org/wiki/Graph_theory
https://en.wikipedia.org/wiki/Surface_(differential_geometry)
https://en.wikipedia.org/wiki/Riemannian_manifold
https://en.wikipedia.org/wiki/Riemannian_manifold
https://en.wikipedia.org/wiki/Riemannian_manifold
https://en.wikipedia.org/wiki/Group_theory
https://en.wikipedia.org/wiki/Finitely_generated_group
https://en.wikipedia.org/wiki/Lie_group
https://en.wikipedia.org/wiki/Frame_of_a_vector_space
https://en.wikipedia.org/wiki/Laplacian_pyramid
https://en.wikipedia.org/wiki/Filter_bank
https://en.wikipedia.org/wiki/Multidimensional_signal_processing
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Performance Analysis 

Expiremental Images 

Experiments were conducted on a group of color images to verify the effectiveness of the 

proposed scheme. For the experimental purpose several standard, 512 × 512 cover images are 

taken. Some of these images are shown in Figure 3.  

    
(a)     (b)    (c)       (d) 

 
Performance Analysis 

To evaluate the performance of the steganography techniques several performance metrics 

are available. This paper uses the PSNR, SSIM, MSE and RMSE to analyses the performance. 

 
Peak Signal-to-Noise-Ratio 

The peak signal-to-noise ratio (PSNR) is used to evaluate the quality between the 3D image 

and the original 2D image. The PSNR formula is defined as follows: 

PSNR = 10 × l 10
255 × 255

1
H × W

   f x, y − g(x, y) 2W−1
y=0

H−1
x=0

dB 

where H and W are the height and width of the image, respectively; and f(x,y) and g(x,y) 

are the grey levels located at coordinate (x,y) of the original image and attacked image, 

respectively. 

 
Structural Similarity Index 

The structural similarity index is a method for measuring the similarity between the 3D 

image and the original 2D image. SSIM  y, y  =  
 2μy μy 

+ c1 (2ςy y + c2)

 μy
2 + μy 

2 + c1 (ςy
2 + ςy 

2 + c2)
 

 where, Y  is the 3D image, the Y is the original 2D image, µ is the mean and the is the 

variance. 

 
Mean Square Error 

The mean square error (MSE) is used to evaluate the difference between a 3D image and 

the original 2D image. The MSE can be calculated by, MSE =  
1

n
  (Y i −  Yi)

2n
i=1  

 where, Y   is the 3D image and the Y is the original 2D  image. 
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Conclusion 

A combination of haar-wavelet, depth-map estimation and trimetric projection is a novel 

method was proposed to generate a merge of axonometric projection which is a proposed 

methodology for conversion of 2D to 3D imaging using function of axonometric projection and 

our desktop application. The projection applies in 2D records for conversion of its axis, later 

which we have to convert in 3D object. This technique is helpful in 2d to 3D conversion with 

an improved view and it takes less time for conversion because we are using three different 

projection techniques together for an exceptional result. 

  

Methods PSNR 

Depth with Random Walk 39.12 

Depth with Sailency Map 40.25 

Depth with Edge Map 30.98 

Global Depth Map 69.12 

Proposed Method 72.50 

Methods MSE 

Depth with Random Walk 0.0508 

Depth with Sailency Map 0.0460 

Depth with Edge Map 0.1270 

Global Depth Map 0.0092 

Proposed Method 0.0018 

Methods RMSE 

Depth with Random Walk 0.225e2 

Depth with Sailency Map 0.212e 

Depth with Edge Map 0.35er 

Global Depth Map 0.092e 

Proposed Method 0.04ew 
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Abstract  

 Quantitative brain tissue segmentation from newborn MRI offers the possibility of improved clinical decision making 
and diagnosis, new insight into the mechanisms of disease, and new methods for the evaluation of treatment protocols for 
preterm newborns. Such segmentation is challenging, however, due to the imaging characteristics of the developing brain. 
Existing techniques for newborn segmentation either achieve automation by ignoring critical distinctions between different 
tissue types or require extensive expert interaction. Because manual interaction is time consuming and introduces both 
bias and variability, a novel automatic segmentation algorithm is developed for brain MRI of newborn infants. The key 
algorithmic contribution of this work is a new approach for automatically learning patient-specific class-conditional 
probability density functions. The algorithm achieves performance comparable to expert segmentations while 
automatically identifying cortical gray matter, subcortical gray matter, cerebrospinal fluid, myelinated white matter and 
unmyelinated white matter. The performance is compared to this algorithm with a previously published semi-automated 
algorithm and with expert-drawn images. This algorithm achieved an accuracy comparable with methods that require 
undesirable manual interaction. 

 
Introduction 

Identifying particular portion in an image would probably start with image processing 

techniques such as removing noise, extraction to find lines, regions and areas with certain 

textures.In a digital image processing, first step is to reduce the image to a series of numbers 

that can be manipulated by the computer. Each number representing the brightness value of 

the image at a particular location is called a picture element, or pixel. An image may have  

512 × 512 or 250,000 pixels, although much larger images are becoming common. There are 

three basic operations that can be performed on it in the computer for digital images. For a 

location operation, a pixel value in the output image depends on a single pixel value in the 

input image. For local operations, several neighboring pixels in the input image determine the 

value of an output image pixel. In a universal operation, all of the input image pixels contribute 

to an output image pixel value. These operations, taken separately or in combination, are the 

means by which the image is enhanced, restored, or compressed.  

Recognizing object classes in real-world images is a long standing goal in Computer vision. 

Conceptually, this is challenging due to large appearance variations of object instances 

belonging to the same class. Additionally, distinguished from background clutter, scale, and 

viewpoint variations can render appearances of even the same object instance to be vastly 

different. Further challenges arise from interclass similarity in which instances from different 

classes can appear very similar. Consequently, models for object classes must be flexible 

enough to accommodate class variability, yet discriminative enough to sieve out true object 

instances in cluttered images. These seemingly paradoxical requirements of an object class 

model make recognition difficult. This paper addresses two goals of recognition are image 

classification and object detection.  
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The task of image classification is to determine if an object class is present in an image, 

while object detection localizes all instances of that class from an image. Toward these goals, 

the main contribution in this paper is an approach for object class recognition that employs 

edge information only. The novelty of this approach is that represent contours by very simple 

and generic shape primitives of line segments and ellipses, coupled with a flexible method to 

learn discriminative primitive combinations. These natives are complementary in nature, 

where line segment models straight curve and ellipse models curved contour. Let’s choose an 

ellipse as it is one of the simplest circular shapes, yet is sufficiently flexible to model curved 

shapes.  These shape primitives possess several attractive properties. First, unlike edge-based 

descriptors they support abstract and perceptually meaningful reasoning like parallelism and 

adjacency. Also, unlike contour fragment features, storage demands by these primitives are 

independent of object size and are efficiently represented with four parameters for a line and 

five parameters for an ellipse. The images can be divided into three types: 

1. Binary image 

2. Gray scale 

3. Color image 

A. Binary images 

An image is a collection of pixels. Each binary image can have a two values for each pixel. 

Typically the two colors used for a binary image are black and white though any two colors 

can be used.   Binary images are also called bi-level or two-level. This means that each pixel is 

stored as a single bit (0 or 1).This name black and white, monochrome or monochromatic are 

often used for this concept, but may also designate any images that have only one sample per 

pixel, such as grayscale images. 

B. Gray scale images 

Gray scale images are always different from theBalck and white images, so it is called as bi-

level or binary. Gray scale images are based on the shades of gray color. The another name of 

gray scale images is monochromatic.The gray scale images are produced from the intensity of 

each pixel. 

C. Color images 

Color images in a digital can consists of information about the colors at each pixel.Each 

pixel value depends upon the color it appears. A pixel is a combination of red, green and 

blue.For example: If the valus of R,G,B is 255, it looks like a white.  

D. Image segmentation 

Segmentation problems are the bottleneck to achieve object extraction, object specific 

measurements, and fast object rendering from multi-dimensional image data. Simple 

segmentation techniques are based on local pixel-neighborhood classification. Such methods 

fail however to “see” global objects rather than local appearances and require often intensive 

operator assistance. The reason is that the “logic” of a object does not necessarily follow that of 

its local image representation. Local properties, such as textures, edginess, ridgeness etc. do 

not always represent connected features of a given object.  

http://en.wikipedia.org/wiki/Grayscale
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Segmentation of newborn brain MRI is considerably more difficult than segmentation of 

adult MRI due to reduced contrast and increased noise in images from neonates as well as 

inverted contrast between gray matter and white matter. Intensity-based classification relies 

on contrast between tissue types adjacent in feature space and adequate signal compared to 

image noise. Statistical classification identifies an optimal boundary, in feature space, between 

tissue types, and the separability of two tissue types or classes is related to the overlap 

between classes in feature space. Contrast between tissue classes in newborn MRI is, however, 

reduced compared to adult MRI because the majority of white matter is as-yet unmyelinated 

and has a water content closer to that of gray matter than in adults and adolescents. 

Furthermore, this contrast changes with age reaching a point at about 9 months of age when 

gray matter and white matter are roughly isointense on MRI and images therefore cannot be 

classified based on intensity alone. The inversion of contrast between white matter and gray 

matter, compared to adult MRI, is also a problem given the limited resolution of neonate MRI. 

Limited resolution, compared to the size of the structures being imaged, leads to significant 

partial volume effects.  

 
Segmentation in adult MRI has been the topic of a great deal of study over the past fifteen 

years or so, with most successful algorithms employing voxelwise, intensity-based 

classification. The basic strategy is usually based on statistical classification theory, with a 

“feature vector” consisting of signal intensities from one or more types of MR image. Given a 

categorical random variable S referring to tissue class label and continuous random variable  

G referring to grayscale image intensity. The distributions are defined with Pr (S=s)=p(s), 

Pr(S=s|G=gi)=p(s|gi) and Pr(G=gi|S=s)=p(gi|s). A Bayesian formulation of voxelwise, intensity-

based classification can then be posed as follows: 

 
where the value gi is a vector of image intensities representing a point in the feature space 

for classification. In this case, the vector is a sample, from the same coordinate i, from an 

aligned T1-weighted MRI and a corresponding T2-weighted MRI. The probabilities over all 

tissue types sum to one at each voxel coordinate: 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 176     K.S.R. College of Arts and Science for Women 

Methodology 

Overview  

A novel approach is proposed here for adaptive 

classifier fusion algorithm for segmenting newborn 

brain MRI. The goal is to take aligned T1- and T2-

weighted MR images of a subject and to assign a 

label of either cortical gray matter, subcortical gray 

matter, unmyelinated white matter, myelin, 

cerebrospinal fluid, or background/non-brain to 

each voxel in an image. Accuracy in this task requires 

good estimates of the probability distributions of 

intensities associated with each tissue class. This 

algorithm estimates tissue class intensity 

distributions non parametrically and is therefore 

able to represent complex distributions. 

Construction of such density estimates requires a set 

of samples of representative tissue MR intensity 

values, called prototypes, for each tissue class. This 

algorithm starts with a library of template MRI 

images representing typical subjects of similar 

developmental age to the study subject. Each 

template is associated with a large number of 

manually selected tissue class prototypes. 

Prototypes are tissue labels, at a particular 

coordinate in the image, that an expert has chosen as 

representative of a tissue class. Typically there are several thousand such prototypes per 

template image. Each template image is then registered to the subject being segmented (the 

“study subject”), and each template's prototype labels are transferred, through the registration 

process, to the study subject. The algorithm is initialized with one prototype list for each 

template image, tailored to the study subject's anatomy through registration. Prototype lists 

each lead directly to non-parametric density estimates and these, in turn, lead to 

segmentations of the study subject. These segmentations are then fused in order to improve 

their accuracy. The fused classification provides a probabilistic labeling of the study subject's 

tissues, but may contain errors due to structural differences between the templates and the 

study subject that cannot be accounted for by registration. The original prototype lists are 

edited in order to reject prototypes that are likely to have an erroneous label, given the 

probabilities of the fused classification. The edited prototype lists are then used to generate a 

new set of segmentations which, in turn, leads to a new fused classification. This cycle of edit 

prototypes, segment, and fuse forms an iterative process which the algorithm repeats until 

convergence. 
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Classification 

 The true underlying segmentation is referred as T and refers to its value at a particular 

voxel index i as Ti. A probabilistic segmentation is therefore p(Ti=s) for all tissue labels s. p(Ti) 

is estimated through a classifier fusion strategy and several more variables are introduced to 

support this. A number of estimated segmentations are to be fused. These segmentations are 

indexed with j and voxel coordinates within a segmentation with i, so that Dij is the 

segmentation label at coordinate i in estimated segmentation Dj. To the collection of 

segmentations are refer Dj as D. The algorithm fuses these estimates in an optimal way such 

that less-reliable estimates are given less weight than more reliable ones. The probabilities of 

the true, unknown segmentation are estimated as: 

 
The variable Θ is a collection of matrices θj, one for each noisy segmentation estimate. 

Each θj is a matrix of probabilities associated with the types of errors that the estimate might 

contain with respect to the true, unknown segmentation. The diagonal elements where s=s′  

are the probability of correctly identifying each label, while the off-diagonal elements (s≠s′ ) 

represent each possible disagreement between the segmentation Dj and the true, unknown 

segmentation. The STAPLE algorithm is used to solve Eq. (3) without a priori knowledge of the 

true, unknown segmentation p(T) and below address how it is estimate the various 

components of this equation. Each of the estimated segmentations Dj is the result of 

classification with a set of class-conditional probability densities pj(gi|s) arising from separate 

prototype lists. Each segmentation is: 

 
Partial volume correction Because of the small size of the cortex relative to the voxel size, 

partial volume averaging is a more significant problem in newborn brain segmentation than in 

adults. Xue et al. described the nature of this problem in newborn brain MRI and implemented 

a targeted solution (Xue et al., 2007). Similarly, this algorithm includes a relaxation labeling 

strategy (Rosenfeld et al., 1976) designed to identify and correct the specific combination of 

events described by Xue. For each voxel, the probability mass was summed in the 27-voxel 

(radius= 1) neighborhood around the center voxel. If the probability mass was both greater 

than 20% gray matter and 20% CSF, then the probability of unmyelinated white matter at the 

center voxel was reduced by a tunable fraction. For the experiments, this was set to 0.1 per 

iteration and the relaxation scheme set to run for 30 iterations. 

Noise correction 

Segmentation using global image intensity statistics requires that tissue of the same 

composition produce similar intensities everywhere within the image. By definition, p(gi|s) is 

therefore considered stationary and does not depend on i. This assumption does not hold, in 
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practice, because MR imagers are not equally sensitive to signal arising from everywhere 

within the field of view of the magnet and because of thermal noise in the measured signal. 

 
Experiments and results  

In order to illustrate the effect that 

prototype editing has on the distribution of 

tissue class prototypes in feature space, is 

plotted in Fig. (a) the results of projecting the 

prototypes Lj from a single template subject by 

registration (left) and the resulting 

segmentation Dj (right). Below, in Fig. (b), The 

feature space is shown after four iterations of 

the editing process. The initial projected 

prototypes show clusters that severely overlap 

one another. Even with the Bayes optimal 

decision boundary, a number of prototypes are 

misclassified and the class-conditional density estimates will suffer, as illustrated by the 

misclassifications in the corresponding segmentation. Fig. (b) shows the result after editing. 

This method operates by training a supervised classifier using spatial information through 

a registration and subsequent prototype editing process. A library of template subjects is used 

to represent the variation in anatomy between subjects. Each template subject is registered to 

the study subject and that transformation is used to project prototype labels used to train a 

supervised classifier and, in turn, generate a separate candidate segmentation of the test 

subject. The candidate segmentations are fused and the resulting estimated true segmentation 

is used to guide removal of prototypes inconsistent with the study subject's anatomy. The final 

stages of the process (prototype refinement, segmentation, and combination) are repeated 

until the process converges to a final result  
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Abstract 

Zinc oxide (ZnO) and ZnO/Starch nano-dots (NDs) were synthesized using modified precipitate green method. In this 
study, the hexagonal crystal nature was confirmed using powder X-ray diffraction (XRD) technique. The transmission 
electron microscope (TEM) showed the images clearly at ±10 nm spherical shaped NDs. Further the fluorescence properties 
of NDs were investigated using photoluminescence (PL) technique in which the ZnO/Starch NDs shows broad and higher 
luminescence efficiency when compared with ZnO NDs. Finally, the bacterial killing effects of both ZnO and ZnO/Starch 
NDs were investigated on Escherichia coli for the period of 12 and 24 hrs. In this study, both the NDs were induced killing 
effects whereas the ZnO NDs has more killing effects on E. coli when compared to the starch encapsulated ZnO NDs. Hence, 
we suggest that the ZnO/starch NDs have less toxic to microorganisms and it can be used as environmental friendly system. 
In addition, ZnO NDs is also suitable for anti-microbial activity. 

Keywords: A. ZnO Nano-Dots; B. Starch; C. Green synthesis method; D. Optical properties; E. Bacterial activity. 

 

Introduction 

Generally, semiconductor nanocrystals known as quantum dots (QDs) have drawn 

enormous research attention in the past decades because of their great potential in 

electronics, photonics, opto-electronics and bio-applications [1-4]. Due to the quantum size 

effect, the optical properties of QDs strongly depend on the interdot distance [5]. ZnO is a 

versatile semiconductor with a wide bandgap of ~3.37 eV. Its unique optical properties and 

bio-compatibility are huge advantages as a better candidate for bio-imaging than metals and 

chalcogenide (S, Se, Te) nanoparticles (NPs). Some of the methods have been reported for 

synthesizing the ZnO nanocrystals in aqueous solution [6-7] but they all involved in alkaline 

media or annealing and therefore they are not suitable for bio-applications. In order to make 

ZnO nanocrystals for bio-applications, the synthetic process has to meet several requirements 

like, contain only bio-compatible materials or suitable surface capping ZnO particles in a stable 

colloidal solution [8]. 

Current drive is to integrate all the “green chemistry” approaches to design 

environmentally benign materials and processes. Recently, few researchers [9-10] suggested, 

it can be used as an environmental friendly system for the synthesis and stabilization of metal 

nanoparticles by suitable choice of materials and solvents. The glucose serves as an 

environmentally benign reducing agent for the metal ions and starch also provides stable 

surface passivation or protection to prevent the aggregation of the particles. Hence, the “green 

capping agent” is one of the best candidates to prepare nanomaterials [11]. Therefore, starch 

is selected as the protecting agent in the present work because it is renewable and it can form 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 181 

dispersion in water. Similarly among the natural polymers, starch is one of the most promising 

bio-compatible and bio-degradable materials [12-14]. 

In general, bacteria perform many critical roles in ecosystem function and productivity. It 

is the base of aquatic ecosystems and is very sensitive to even low concentrations of any toxic 

chemicals [15]. The toxicity of NPs to bacteria has caused many concerns. Interactions 

between the bacteria and NPs may provide us with more information about the impact of NPs 

once released into the ecosystem. This research is, therefore, performed to better understand 

whether the bacterial toxicity of NPs is size or composition related by comparing the NPs to 

their bulk counterparts. Some of bacterial activities on NPs have been reported and their 

activities against both gram negative and gram positive bacteria in which ZnO NPs have been 

well known studied in Escherichia coli [16-22]. Among the various bacteria, E. coli are widely 

distributed in water and used as an animal model in any toxicological studies [15].  

In the present work, modified precipitate green method was used for the synthesis of ZnO 

and ZnO/Starch NDs. Further, we have investigated their luminescence properties and 

bacterial activities of both ZnO and ZnO/Starch NDs using E. coli. Hence, we suggest that the 

ZnO/Starch NDs are less toxic to microorganism and it can be used as environmental friendly 

system. 

 
Experimental: Material and Methods 

Chemicals 

All chemicals used were standard analytical grade (AR) and not further treated. Zinc 

acetate (Zn(CH3COO)2), sodium hydroxide (NaOH), starch, peptone and agar are the 

precursors with the solvent of double distilled water (DDW). E. coli were used for bacterial 

study. The detailed samples preparation is described as follows. 

Synthesis of Nano-Dots 

For the synthesis of ZnO NDs, the freshly prepared Zn(CH3COO)2 solution was stirred well 

using magnetic stirrer. Then, the NaOH (base solution) solution was slowly added drop wise 

into the Zn(CH3COO)2 solution till the pH becomes 10. The mixture was stirred vigorously and 

then, the white color colloidal solution was obtained. Further, the solution was used to 

ultrasonic treated for stabilization of particles. Finally, the solution was stored without any 

annoyance and then, the particles sedimentation was obtained. The sedimentation was 

washed several times for removing unreacted compounds. After centrifuging, the particles are 

separated from the solution and then, dried. Further, the sample was oxidized through 

annealing treatment. Finally, a white color ZnO powder was obtained and used for further 

studies. 

For the synthesis of ZnO/Starch NDs, the above mentioned same procedure was repeated 

but the capping agent of starch in the calculated amount, that is enough to cover the ZnO 

particles surface with a monolayer, was added drop wise into the Zn(CH3COO)2 solution before 

changing the pH value. Finally, the prepared samples are used for various characterization 

techniques. 
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Growth of Bacteria 

The E. coli were grown at 37ºC in a Luria-Broth (LB) medium which containing 1.5 g of 

beef extract, 2.5 g of peptone and the pH value was adjusted to 7 using NaOH. Further, 10 g of 

agar was added into the above solution and then, it sterilized in autoclave. Finally, the nutrient 

agar medium was prepared and filled in petri-plates. The grown E. coli were sprayed evenly in 

the petri-plates using sterile glass rod and then, allowed to dry. 

Characterization 

ZnO and ZnO/Starch powders were used by the following characterization techniques: 

XRD patterns was recorded to confirm the crystal structure using powder X-ray diffraction 

technique (X’pert PRO) with CuKα-radiation (λ=1.54809 Ǻ) at room temperature. The 

absorption spectrum was recorded using UV-VIS-NIR spectrophotometer (Shimatzu 3600) to 

find out the bandgap energy. The PL emission behaviors were measured using 

spectrofluorometer (Specrofluoromax-4). The killing effects of both the NDs were observed 

through fluorescence microscopy (OLYMPUS BX41). The surface morphology was observed 

through TEM technique (JEM-2010). 

Bacterial Test 

Before conducting the bacterial test, 5 mg of ZnO and ZnO/Starch NDs powder samples 

were dispersed into 10 ml of DDW. Then, the solution was allowed to ultrasonic treatment to 

get fine dispersed particles. Further, the diluted ZnO and ZnO/starch NDs solutions were 

added into the E. coli medium and then, incubated. After 12 and 24 hours (hrs), the killing 

effects of both NDs were examined using fluorescence microscopy. 

Results and Discussion 

Structural Analysis 

Figure 1 shows the powder XRD pattern of ZnO and ZnO/starch NDs. Both are indicates 

the hexagonal (wurtzite) crystal nature which is close in agreement with the standard values 

(JCPDS card: 36-1451). Debye-Sherrer’s formula was used to crystalline size (D; average 

particle size)) and the calculated sizes of both NDs were ±10 nm. No phase change was 

observed in the ZnO/starch NDs due to the effect of starch encapsulation because of its 

chemical composition but a small variation in the peak broadening and intensity. 

Figure 2 shows TEM images of ZnO and ZnO/Starch NDs. The powder samples embedded 

on copper coated grid show spherical nature and its sizes were around 10 nm for ZnO NDs. 

Also, the TEM images show slightly elongated particles with less agglomeration. The 

aggregation may be occurred due to the sample preparation. Similarly, polymer like 

agglomerated spherical particles was observed in ZnO/Starch NDs whereas the ZnO particles 

are embedded inside the polymer like starch matrix. This morphology clearly shows the 

monodispersed NDs due to the effect of starch. This type of morphology was observed as early 

in starch capped CdSe nanostructures [23]. Therefore, the calculation of particle size is difficult 

due to the agglomeration of particle but it may be approximately ±10 nm. Finally, we 

confirmed that our prepared nanopowders sizes were intermediate between nanoparticle-

quantum dot scale ranges, which are mentioned as nano-dots. 
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Optical Analysis 

UV-absorption spectra used to determine which type of band to band transition occurs 

between the valence and conduction band of the prepared samples and also used to estimate 

the band-gap energy of the material. Figure 3 shows the UV-absorption spectra of ZnO and 

ZnO/Starch NDs. The direct band to band transition has occurred and their corresponding 

band-gap energy values were 3.8 eV (320 nm) and 3.7 eV (322 nm), respectively. These results 

are similar to the previous reports [24-25]. The ZnO/starch NDs results shows a little red-shift 

and believed that the effect of starch encapsulation on ZnO crystal. The bandgap is increased 

with decreasing particles size when compared with bulk ZnO crystal. In general, without using 

any capping agents, the ZnO particles in colloids exhibit two emissions [26]. One is relatively 

sharp but weak in the ultraviolet (UV) region due to the recombination of electrons and holes 

at the near band edges, which called as band-edge emission. The other is a broad and strong 

peak as green emission; this visible emission is generally believed to be due to the existence of 

oxygen vacancies on the ZnO surface. By using capping agent, that’s encapsulated ZnO 

particles show quenched green emission and enhanced blue emission due to the surface 

passivation of the oxygen vacancies while the green emission was disappeared. 

Figure 4a shows PL spectra of ZnO NDs are excited at 325 nm. A rather broader near band 

edge emission peak appeared at 365 nm shows violet emission in addition with a strong and 

broad green emission at 550 nm. Usually, the bulk material does not show this much of 

luminescence because of their indirect bandgap property. It is believed that whenever 

quantum confinement takes place their bandgap nature changes from indirect to direct 

bandgap [27-28]. When being direct bandgap for doped or encapsulated materials while wider 

photoluminescence is possible. Since the ZnO visible emission originates from electrons being 

trapped in random surface holes, this is not from electron transitions from the conduction 

band to the valence band and the PL emission properties of CdSe or CdTe are better than those 

of ZnO nanoparticles [29].  

Figure 4b shows PL spectra of ZnO/Starch NDs excited at 350 nm. A broad and higher 

intensity violet-blue emission was obtained around 440 nm in addition of small peak at 392 

20 30 40 50 60 70 80

a

b  

 

(1
1

2
)

(1
0

3
)

(1
1

0
)

(1
0

2
)

(1
0

1
)

(0
0

2
)

(1
0

0
)

In
te

n
s
it

y
 (

a
.u

)

2 (degrees)

Fig.1 XRD pattern of  
(a) ZnO NDs and  
(b) ZnO/Starch NDs 
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(b) ZnO/Starch NDs 
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nm, this maybe due to interstitial of Zn atoms and the emission band extended upto green 

region. The blue-shifted emission might be attributed to the smaller particles that adhered 

together to form the elongated particles was reported as early [30-31]. Therefore, we conclude 

that, this is one of interesting emission in ZnO nanostructures. Also important points need to 

note that, upto now rare reports in ZnO/starch nano-sized particles. In both systems, the violet 

band edge emission was obtained due to the recombination of free excitons [33]. Usually, bulk 

semiconductor material does not show this much of luminescence behaviors because of their 

indirect bandgap property. Therefore, the nano-sized particles emission behaviors were 

changed and then blue shifted due to the quantum confinement effect [34-35]. 

 

 

 

 

 

 

 

 

 

 

  
 

Bacterial Study 

In this study, we aimed to investigate the killing effects of each ZnO and ZnO/Starch NDs 

on E. coli bacterium during 12 and 24 hrs and it’s also quite similar to the previous reports [15, 

36-37]. Usually, microbial effects have changed their bacteria surface morphology when the 

NPs interacted with bacteria. The different death stages of bacteria were observed using 

fluorescence microscopy in the scale resolution of 4 µm. 

Figure 5a shows the microscopic image of well grown E. coli (reference bacteria without 

NDs) and figure 5b shows only loaded NDs in the petri-plates (reference NDs without E. coli). 

Figures 5c and 5d show the killing effects of ZnO NDs and figures 5e and 5f show the killing 

effect of ZnO/Starch NDs corresponding to 12 and 24 hrs. Such a similar killing effect and 

approach were also matched with the previous report [38]. From the results, we have 

observed a large number of killed E. coli in ZnO NDs medium and it shows shrinked 

morphology of bacterium whereas the ZnO/Starch NDs shows a lesser amount of killed E. coli 

as well as un-killed bacteria and it shows stick like shape. In this study, we found that the 

damages were lesser rate in ZnO/starch NDs when compared with ZnO NDs. Therefore, the 

lowest anti-microbial activity was observed in ZnO/Starch NDs which is related not only like 

the largest particles but also the aggregation of the sample. Consequently, smaller particles 

having the larger surface area available for interaction, it will give more bacterial effect than 

the larger particles and it was also confirmed from the previous reports [39-40]. Finally, these 
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results are helpful to confirm that, the ZnO/Starch NDs are less toxic (bio-compatible) to 

microorganisms. Also, it may be suitable for drug delivery system. In addition, the ZnO NDs is 

suitable for anti-microbial activity. 

 

 

 

Conclusions 

A modified precipitate green method was used to prepare 

the ZnO and ZnO/Starch NDs because of environmentally benign 

and renewable. Also this method is a mild, simple and efficient 

green route for producing the NPs. XRD measurements shows 

the hexagonal structure and TEM images indicate ±10 nm 

spherical shaped particles. From the PL analysis, violet and 

green emissions were observed in ZnO NDs and strong blue 

emission in ZnO/Starch NDs. Further, the E. coli activity under 

ZnO and ZnO/Starch NDs exposures help to confirm and suggest 

that, the ZnO/Starch NDs has less toxic to microorganisms as 

well as the ZnO NDs is suitable for anti-bacterial activity. However, further studies are needed 

to understand the killing effects of nano sized ZnO on E. coli and other metal oxide NDs by 

using various end points. 
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Abstract 

Remote medical nursing monitoring system is a model, which makes use of computer network technology. After 
surveying on the related works about remote monitoring system, it demonstrates that how to exploit the remote 
monitoring mode in the health care system. The proposed remote medical nursing monitoring system consists of 
central server and several terminal equipments. For each equipment, telecontroller, camera, and care bed are 
installed. Particularly, our proposed monitoring system is made up of “Signal processing model”, “Embedded 
development board”, and “Data analysis model”. The embedded board is utilized to transmit the digital signals to the 
remote server through wireless data transmission, and then the sensing signals are memorized. At long last, the 
specialist can make health care decisions by the data analysing algorithm and the data visualization approach. 

Keywords: Remote medical nursing monitoring, Health care, Computer network, Embedded systems, ARM. 

 
Introduction 

With the improvement of current scientific data of modern information science and 

computer technology, some advanced hospitals have utilized both monitoring system and 

nursing system, but the above two system cannot be cooperated with each other well. The 

reasons implies that that the equipments in remote medical nursing monitoring system are 

fairly expensive and some problems cannot be solve effectively, such as mono- functionality 

and bad functionality. 

On the other hand, in recent years, with the improvement of people’s living standard, we 

pay more and more attentions to the health care. Furthermore, our world is turning into an 

aging society: in the middle of 21st century, people who are over 60 years old will reach 

400,000,000. The health status of such a huge aged people will greatly influence the economic 

and social development of the world. Moreover, constructing the remote medical nursing 

monitoring system is not only for the people with higher ages, but also for the people who need 

high quality medical care. Finally, we aim to bring high quality health care to the humans, and 

then develop an extension of the traditional hospital. That is, the services of health care can be 

obtained in home or elsewhere. The rest of this paper is organized as follows. The next section 

gives an overview of the related works about remote medical nursing monitoring system. 

Section 3 provides a framework of the proposed system design. Afterwards, in section 4, we 

conclude the whole paper. 

 
Related Works 

In this section, we will survey on the related works about remote monitoring system, which 

is an important problem in the field of industrial control automation. Zhou et al. proposed a 

remote real-time wireless ECG monitoring and stimulation system, which is used to manage 

ventricular arrhythmia in rabbits with myocardial infarction. In this paper, internet-based 

remote electrocardiogram monitoring and ventricular stimulation systems are implemented in 
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remote locations when connecting by computer network. Moreover, the voltage amplitudes of 

the stimulation signals are saved synchronously via remote and surface ECG signal[7]. 

Tuan et al. aimed to construct an effective portable remote monitoring system to control 

high intensity treadmill exercises. In this study, the supervisory quality of the developed 

hierarchical system is made up on a portable monitoring device (such the smart phones) as a 

client terminal. Particularly, the real time control of treadmill exercises is implemented though 

an online adaptive neural network control method which is located on a personal computer. 

Furthermore, in the training or rehabilitation exercises, the intensity can be measured via 

simultaneously manipulating using treadmill speed and gradient[8]. 

Obikoya et al. illustrated a fuel-level monitoring system, which is based on the design and 

construction of a fuel- level sensor. Afterwards, using a remote Aplicom 12 GSM module, user 

interface is connected with sensors. Particularly, the status message from the module is 

transmitted by a Global System for Mobile Communications network to the smart phones[9]. 

Ding et al. designed a six-month feasibility research of a mobile-phone-based house 

monitoring system. In this system, patients with a history of moderate Acute Exacerbation of 

COPD are provided a smart phone to save major symptoms, minor symptoms and vital signs. 

Hence, based on this design, a care team can monitor the recorded data and then provided 

clinical interventions in the mode of remote control[10]. 

Moreover, the remote monitoring systems have successfully been exploited in other 

application fields, such as municipal buildings construction, antenatal care for rural population, 

PV-powered outdoor refrigerator, Alert System for Energy Consumption, Agent-Based 

Production Remote Monitoring. Different from the above works, in this paper, we will try to 

utilize the remote monitoring systems to solve the problem of human health care. 

 
The Proposed Remote Medical Nursing Monitoring System Design 

Based on the above analysis, in this section, we will demonstrate how to apply the remote 

monitoring system in the application of medical nursing care case. The main framework of the 

proposed remote medical nursing monitoring system is described in Fig.1 in advance. 

 
Fig.1 Framework of the proposed remote medical nursing monitoring system 

 

As is shown in Fig.1, the proposed remote medical nursing 

monitoring system is made up of the central computer in the 

control room (that is, server), and several terminal equipments. 

For each equipment, three modules are included, that is, 

Telecontroller, Camera, and Care bed. Particularly, the server 

and terminal equipments are connected with computer 

network. 
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Next, we will explain how the proposed system converts the requirements of users to the 

data visualization for doctors, and the flowchart of the operation process is shown in Fig.2. 

 
Fig.2 Flowchart of the operation process in the proposed system 

 

The main innovations of this paper lie in that to 

promote the performance of the proposed system, we 

introduce the ARM processor. Fig.2 demonstrates that the 

proposed monitoring system is mainly composed of three 

parts: 1) Signal processing model, 2) Embedded 

development board, and 3) data analysis model. The signal 

processing model can sense the signals which are collected 

from patients using sensors, and then execute signal pre-

processing to prune noisy data. To transmit patient signals 

to the embedded development board, the analog pulse signals should be converted into digital 

signals via A/D converter. Afterwards, the digital signals are transmitted to the embedded 

board via a serial transmission device. Then, the embedded board can transmit the digital 

signals to the remote server by wireless data transmission. In the third step, the sensing signals 

are saved in the server, and signal analysing process is conducted. Furthermore, data 

visualization algorithm is implemented to provide data analysing results to doctors to support 

the health care decision. 

To explain the design of the embedded system more detailedly, hardware structure of the 

embedded development board is provided in Fig.3. 

 
Fig.3 Hardware structure of the embedded development board 

 

In the embedded development board, a camera is 

set to obtain the images of patient. Particularly, a 

digital signal process (denoted as DSP) is exploited, 

which can effectively process the signal process. In a 

word, the embedded development board is managed 

and controlled by the ARM processor, and all these 

functional modules are connected by data bus. 

 
 
Conclusion 

This paper proposed a computer network based remote medical nursing monitoring 

system. This monitoring system is made up of central server and terminal equipments, which 

consist of “telecontroller”, “camera”, and “care bed”. In a word, the proposed monitoring system 

is made up of three modules: 1) Signal processing model, 2) Embedded development board, and 
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3) Data analysis model. Using the signals collected from patients, doctors can make decisions by 

data analyzing and data visualization. 
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Abstract 

Reduced or simplified amino acid alphabets group the 20 naturally occurring amino acids into a smaller number of 
representative protein residues. To date, several reduced amino acid alphabets have been proposed, which have been 
derived and optimized by a variety of methods. The resulting reduced amino acid alphabets have been applied to pattern 
recognition, generation of consensus sequences from multiple alignments, protein folding, and protein structure prediction. 
In this work, amino acid substitution matrices and statistical potentials were derived based on several reduced amino acid 
alphabets and their performance assessed in a large benchmark for the tasks of sequence alignment and fold assessment of 
protein structure models, using as a reference frame the standard alphabet of 20 amino acids. The results showed that a 
large reduction in the total number of residue types does not necessarily translate into a significant loss of discriminative 
power for sequence alignment and fold assessment. Therefore, some definitions of a few residue types are able to encode 
most of the relevant sequence/structure in-formation that is present in the 20 standard amino acids. Based on these results, 
we suggest that the use of reduced amino acid alphabets may allow to increasing the accuracy of current substitution 
matrices and statistical potentials for the prediction of protein structure of remote homologs. 

Keywords: statistical potentials; sequence alignment; fold recognition; reduced amino acid alphabets. 

 

Introduction 

The configuration of a protein chain is determined by its primary sequence, which is a 

linear and asymmetric polymer made of combinations of the 20 naturally occur-ring amino 

acids. Protein structure and function are determined by their sequences and the surrounding 

environment. Therefore, the complex sequence of amino acids of a protein encodes for its 

diversity and specificity. Because different amino acid types share similar physicochemical 

properties and can be naturally substituted between protein sequences of the same family,1 

there have been several attempts to reduce the naturally occurring amino acid alphabet.2–9 The 

problem lies on finding the proper grouping of amino acids that retains most of the 

information necessary for the integrity of the structure and function of proteins. During the 

past years, several theoretical works have suggested that the minimum number of amino acid 

types needed to encode for native proteins is less than 20.2,4,10 –12 In addition to this, some 

experimental works have demonstrated that engineered proteins with a reduced alphabet are 

able to preserve their fold and function. The Baker group, determined a stable and properly 

folded protein domain using a significantly reduced amino acid alphabet.4 In this work, Baker 

and coworkers demonstrated that the SH3 fold could be pre-served despite of the substantial 

reduction from 20 to 5 amino acid types for most of residues of the protein sequence. In a 

similar work, Stroud and coworkers de-signed a four-helix bundle protein of 108 residues long 

with a reduced alphabet of seven amino acid types. 

The most simplistic reduction of the amino acid alphabet described to date consists on the 

definition of two residue types, which is known as the hydrophobic-polar or HP model. Other 
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reductions have been proposed, by using a variety of different approaches to derive reduced 

amino acid alphabet representations. These approaches included genetic code mutations and 

optimization of hydrophobicity scales, clustering of amino acids based on the pair wise 

similarity of distance-dependent energy terms from statistical potentials5 and from amino acid 

substitution matrices, minimization of mismatches between standard and reduced amino acid 

substitution matrices, maximization of secondary structure prediction ability,8 and local back-

bone conformation clustering of amino acids. 

For clarity, and to simplify comparison, amino acid type clusters are sorted alphabetically 

based on the 20-letter code of the standard amino acid alphabet. Due to space restrictions, the 

100 random alphabets are available as supplemental material. 

Most of the reduced amino acid representations have been derived based on common 

physicochemical properties shared by different amino acids. These properties include 

hydrophobicity scale, size, flexibility, and common chemical groups present at the residue side 

chains. Although these observations have a solid ground, the three-dimensional context where 

the residues are observed within a protein structure cannot be neglected. This is particularly 

true if the reduced amino acid alphabet is going to be applied to protein structure prediction. 

 
Objectives 

 To derive a new optimal and simplified amino acid alphabet based only on structural 

information 

 To compare the overall performance of several reduced amino acid alphabets (against the 

standard alphabet) in the areas that constitute a major component of current protein 

structure prediction methods: sequence alignment and fold assessment.  

 We derived similarity matrices for sequence alignment and statistical potentials for fold 

assessment. The performance of the reduced amino acid alphabets were independently 

evaluated and compared to the full standard amino acid alphabet using a large set of known 

protein structures. 

 
Methods 

In the Methods section, we begin by describing the reduced amino acid alphabets used in 

this work; next, we describe the procedure used to generate a new optimally reduced amino 

acid alphabet of five residues; the bench-marking criteria and the reference sets used in the 

bench-mark. In the Results, we assess the accuracy of the reduced alphabets in sequence 

alignment as well as fold assessment of protein structure models. Finally, we conclude by 

discussing the varying performance of the reduced amino acid alphabets for sequence 

alignments and fold assessment. 

Three previously described reduced amino acid alphabets of about five residue types were 

considered in this work. These included two amino acid alphabets of five residue types by 

Wang and Wang (WW5) and by Solis and Rackovsky (SR5), and a four amino acid alphabet by 

Murphy and coworkers (MU4). The WW5 alphabet was optimized from the knowledge-based 
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contact potential of Miyazawa and Jernigan16 by minimizing the mismatches occurring 

between reduced matrices and the original Miyazawa and Jernigan matrix. The SR5 alphabet 

was generated by minimizing the structural information loss (or maximizing the information 

gain) of collapsed alpha-bets in a large set of 4-mer peptides extracted from known protein 

sequences. The MU4 alphabet was derived by maximizing the correlation between pairs of 

amino acids, based on the values of the BLOSUM50 similarity matrix. In addition to these 

existing alphabets, a new optimal alphabet of five residue types was generated and tested 

(MM5). This alphabet was derived by optimization with a genetic algorithm using structural 

information from re-mote homolog proteins (below). Finally, 100 randomly reduced alphabets 

of five residue types (RD5) were generated as a lower bound reference frame. A detailed 

description of these random alphabets is available as supplemental material. 

 
Generation of a Reduced Alphabet by Optimization with Genetic Algorithms 

A genetic algorithm (GA) is a search technique to solve optimization problems. In a GA, 

abstract representations of candidate solutions (called individuals) encoded in artificial 

chromosomes (strings of numbers in a computer), evolve toward optimal solutions in a given 

number of iterations (generations). At each iteration of the algorithm, a fitness that measures 

how well the individual solves the particular problem is calculated. Chromosomes evolve by 

using several types of operators of natural evolution, which include inheritance, mutation, 

selection, and recombination. The initial population consists of random individuals that evolve 

to the next generation by applying the GA operators and by biasing the selection of individuals 

by their calculated fitness. After a new generation is created, the fitness of all the population is 

evaluated and a set of its fittest individuals will contribute to the next generation/ iteration of 

the algorithm. As a training set for the GA optimization, a total of 180 structural pair-wise 

alignments were selected from the SCOP database based on the following criteria: the pair-

wise sequence identity between the structurally aligned sequences was below 20% and the 

two aligned structures had more than 100 aligned residues with a global RMSD within 2.5 Å 

after optimal superposition. We then removed all gaps (i.e., insertions and deletions) from the 

alignments and concatenated them into a single pair-wise alignment that resulted in a total of 

25,140 pairs of structurally aligned residues. This long pair-wise alignment constituted the 

training alignment for the genetic algorithm optimizer. Additionally, the residues in the 

training alignment were shuffled, generating random alignments of the same composition as 

the training alignment. 

A genetic algorithm with chromosomes encoding for reduced amino acid alphabets was 

trained to maximize the difference between the pair-wise sequence identities occur-ring in the 

training and the random alignments. The genetic algorithm had a constant population of 1000 

chromosomes. Each chromosome was constituted of 20 genes arbitrarily representing a 

standard amino acid residue. Given a chromo-some, the training and random alignments were 

translated from the standard 20 amino acid alphabet to the reduced alphabet that it encoded. 

Then, the sequence identity in the training and random alignments was calculated and its 
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difference used as a fitness function of the chromosome adaptation. The genetic algorithm 

used elitism in each cycle, the evaluation was carried out using linear normalization, and the 

Roulette wheel parent selection method was adopted for the parent selection process previous 

to each reproductive step. The reproduction process was carried out using double point 

crossing over and a rate of 1% chance per chromosome for the occurrence of mutation events 

after reproduction. This optimization protocol led to a five-residue amino acid alphabet with a 

fitness score of 23.8% (58.1% sequence identity in the training alignment minus a 34.3% 

sequence identity in the random alignment) after 100,000 iterations. The algorithm was 

executed for 100 independent runs, converging to the same final grouping of amino acids in 

the optimal chromosome for most of the cases. A list containing the alternative near-optimal 

alphabets along with their fitness scores is available as supplemental material. 

 
Calculation of Reduced Amino Acid Substitution Matrices 

A series of amino acid substitution matrices based on each of the reduced amino acid 

alphabets were built to evaluate their accuracy in sequence alignment. The mathematical 

derivation of the reduced amino acid substitution matrices was carried out from the Johnson 

and Overington (JO) frequency matrix as follows: first, let i and j be the indexes of two standard 

amino acids ranging from 1 to 20. Let i and j be the indexes of a reduced amino acid alphabet 

ranging from 1 to R, where R is the total number of amino acid types in the reduced alphabet. 

Thus, any amino acid type index i and j will be constituted by a set of one or more indexes from 

the standard alphabet, such that the union of the i or j sets will generate the total set of indexes 

i or j, respectively. For each reduced alphabet, the frequency matrix F was calculated as 

follows: 

𝐹  𝑖, 𝑗 =    𝐽𝑂  𝑖. 𝑗    𝑖, 𝑗

20

𝑗 =1

20

𝑖=1

 

where JO(i,j) represents the observed frequency in the JO substitution matrix for the amino 

acid pair ij. 

Second, the frequency matrix was converted into a probability matrix P by: 

                                                                     𝑃 𝑖, 𝑗 =
𝐹(𝑖,𝑗 )

 𝐹(𝑖 ,𝑗 )𝑅
𝑗 =1

 

where R is the total number of residue types. Third, the probability matrix P was converted 

to the odds matrix G by: 

                      𝐺 𝑖, 𝑗 =
𝑃(𝑖 ,𝑗 )

  𝐹(𝑖,𝑗 )𝑅
𝑖=1    𝐹(𝑖,𝑗 )𝑅

𝑗 =1
𝑅
𝑖=1  

 

Fourth, a scaled log-odds matrix L was calculated: 

                                   𝐿 𝑖, 𝑗 = 100𝑋 log10 𝐺(𝑖, 𝑗)  

The minimum value of the matrix was selected, the sign of it changed, and added to each 

element of the matrix. Thus, the matrix values were converted to the range [0 . . .N], where N is 

a positive value. Finally, the reduced similarity matrix F was converted back to the 20. i.e 20 

standard residue similarity matrix of  G by applying an inverse procedure as the one described 

above in the first step of the matrix calculation process. 
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Sequence Alignment 

The ALIGN command in the MODELLER program was used to align two sequences by 

global dynamic programming algorithm. All default parameters were used, and only the 

substitution matrix and the optimal gap penalties were changed for each run. The optimal gap 

initiation and extension penalties for each substitution matrix were empirically calculated by 

maximizing the average structural overlap for the training set of 118 pair-wise structure 

alignments (below). The optimization was carried out in a grid of values spanning from 400 to 

0 in steps of 20, and from 100 to 0 in steps of 5 for the initiation and extension gap penalties, 

respectively. The optimal gap penalties for each amino acid substitution matrix based on the 

reduced alphabets, including the most observed values for the 100 matrices based on the 

randomly reduced alphabets, are listed in Table II. Individual optimal gap penalties for each of 

the 100 random matrices are available as supplemental material the protein alphabets website 

 
Statistical Potentials for Fold Assessment 

Distance-dependent statistical potentials based on each amino acid alphabet were 

calculated to evaluate their accuracy in the assessment of comparative protein structure 

models. A total of 532 non redundant protein chains from the Protein Data Bank (PDB) were 

used to derive the statistical potentials. This set excluded any protein structure with 

duplicated or missing atoms. All proteins in the set shared 25% or less sequence identity 

among them and had a resolution higher than 3.0 Å.24 The statistical potentials were calculated 

as previously described by Sippl, but using the optimal parameters obtained in our recent 

work.24  

where Mij is the number of observations for the atomic pair ij and corresponds to: 

𝑀𝑖𝑗 = 𝑓(𝑖,𝑗 ,𝑙)𝑛
𝑖=1

 

Observations fij(l) and fxy(l) have the same weight for the calculation of Eij(l). The term fij(l) 

is the relative frequency of occurrence of the atomic pair ij in the class of distance l and 

corresponds to:  

      𝑓 𝑖𝑗  𝑙 =
𝑓(𝑖,𝑗 ,𝑙)

𝑀𝑖𝑗
 

where fxx(l) is the relative frequency of occurrence of all the atomic pairs in the class of 

distance l, and can be expressed as: 

𝑓𝑥𝑥  𝑙 =
  𝑓(𝑖, 𝑗, 𝑙)𝑛

𝑗=1
𝑛
𝑖=1

   𝑓(𝑖, 𝑗, 𝑙)𝑛
𝑙=1

𝑛
𝑗 =1

𝑛
𝑖=1

 

The temperature was set to 293 K, so that RT is equivalent to 0.582 kcal/mol. 

Based on the energy obtained by the potentials de-scribed above, an energy Z-score of a 

model from the benchmark set of models was calculated for each of the newly derived 

statistical potentials. The energy Z-scores were calculated for the statistical potential energy of 

a model, using the mean and standard deviation of the statistical potential energy of 200 

random sequences with the same composition and structure of the model as previously 

described. 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 197 

Criteria 

 The accuracy of an alignment was measured by relying on the aligned native structures 

extracted from the PDB. First, the root-mean-square deviation (RMSD) between the 

corresponding C atoms in the two structures was calculated upon rigid-body least-squares 

superposition, as implemented in the SUPERPOSE command of MOD-ELLER. Second, the 

percentage of structurally equivalent positions was calculated as the number of the C atoms 

within a certain cutoff (i.e., 1, 2, 3, 4, and 5 Å, and their average) normalized by the length of 

the shorter of the two structures (“structure overlap”). Unless indicated otherwise, the 

structure overlap quoted is the average over all cutoffs. A statistical analysis of the differences 

between alignment accuracies of various methods was also per-formed. For this analysis, the 

alignment accuracy of a method was measured independently by the RMSD and the structural 

overlap after superimposition, both calculated as average accuracy for the 220 pairwise 

alignments in the testing set. The significance of the differences was computed using the 

Student’s t-test statistics. 

 Average and standard 

deviation of the structure-based 

accuracy criteria are shown for the 

testing set of 220 alignments and 

for 55 alignments with sequence 

identity lower than 40%. Structure 

overlap represents the fraction of C 

carbons that are found at less than 

3.5 Å after optimal superposition of two structures based on the pair-wise sequence alignment 

generated. RD5 represents the average performance of 100 randomly reduced alphabets of 

five amino acid types each. The performance of classifiers based on the statistical potential Z-

scores as a single feature was assessed by means of receiver operating characteristic (ROC) 

curves as previously described.24 An ROC curve is obtained by plotting the false negatives 

fraction against the corresponding false positives fraction for all cutoffs on the energy Z-score. 

The area under the ROC curve represents the probability of incorrect classification over the 

whole range of cutoffs. This area is usually taken to be an important index because it provides 

a single measure of overall accuracy that is not dependent upon a particular feature threshold. 

The optimal classification threshold was also obtained for each statistical potential energy Z-

score as the value where the highest positive prediction rate was observed. 

 
Results 

In an attempt to obtain optimally reduced representations of the standard amino acid 

alphabet that were exclusively based on structural information, we developed a new genetic 

algorithm (see Methods). The optimal solution evolved by the genetic algorithm consisted of a 

reduced alphabet of five types of amino acids. This new reduced alphabet, along with three 

 All testing set (220) 40% Sequence Identity (55) 

ID 
RMSD 

 (Å) 
Structure  

overlap (%) 
RMSD 

 (Å) 
Structure  

overlap (%) 
JO20 1.39   2.45 80.0   21.9 2.39   3.62 70.4   24.5 
WW5 1.45   2.46 78.9   22.7 2.58   3.52 66.8   25.9 
SR5 1.28   2.14 79.7   21.5 1.88   2.84 69.5   23.1 
MU4 1.43   2.46 79.2   22.2 2.46   3.57 69.4   24.9 
MM5 1.40   2.40 79.1   22.2 2.37   3.42 67.8   24.5 
RD5 5.00   6.61 73.0   26.7 7.15   5.57 50.5   28.9 
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other reduced alphabets published elsewhere, the standard alphabet of 20 residues and 100 

randomly reduced alphabets were considered and assessed (Table I). 

First, we proceeded with testing the accuracy of the alignments produced when using the 

amino acid substitution matrices based on the different reduced alphabets. The testing was 

carried out with a benchmark set of 220 pair-wise structural alignments. The benchmarking 

set covered the whole range of sequence identity where pair-wise alignments above 40% 

sequence identity may have been trivial to reproduce. To assess the accuracy of the matrices 

with more difficult alignment pairs, we also calculated the average RMSD for 55 alignments in 

the testing set with sequence identities below 40%. The alignments obtained with the 

substitution matrix based on the standard alphabet (JO20) resulted in an average 1.4 Å RMSD 

after rigid superimposition of the two structures (2.4 Å RMSD for the difficult alignments). 

Similar average results were obtained with the other four nonrandom reduced alphabet 

matrices. In particular, the SR5 matrix produced the best alignments with 1.3 and 1.9. 

However, the differences observed between the JO20 and the reduced matrices for the 

RMSD accuracy measure were not statistically significant at a 95% confidence level in the 

Student’s t-test [Fig. 1(A)]. The JO20 and the reduced alphabets matrices over performed the 

random matrices ( RD5 ) with statistical significance as demonstrated by the Student’s t-test 

analysis .The JO20 standard matrix outperformed with statistical significance all the reduced 

matrices (except matrix SR5) by 1% for the structural overlap measure. All other matrices are 

statistically more accurate than the random matrix but cannot be distinguished among them 

the difference between MM5 and JO20 is only 0.95% structural overlap. However, the fact that 

the differences are favorable to the JO20 for most of the 220 pair-wise alignments (171 of the 

alignments have equal or higher structural overlap and only 49 of them have a lower structural 

overlap) makes the difference in structural overlap statistically significant. 

 
Conclusions 

We have assessed the performance of reduced amino acid alphabets for the tasks of 

sequence alignment of remote homologs and fold assessment of protein structure models. 

Residue–residue substitution matrices and statistical potentials based on several optimally 

reduced alpha-bets were calculated and tested using a large benchmark of protein sequences 

and structures. Based on the results obtained, we draw the following conclusions: 

1. Residue substitution matrices and statistical potentials calculated on the basis of optimally 

reduced alphabets exhibit a similar performance as those based on the standard alphabet 

in the tasks of sequence alignment of remote homologs and fold assessment of protein 

structure models. 

2. The little loss of performance or accuracy of substitution matrices and statistical potentials 

based on optimally reduced alphabets is clearly compensated by the significant reduction 

of matrix bins that is achieved (i.e., a reduced alphabet of five residue types leads to a 14 or 

16 times reduction of the total number of matrix bins, for symmetric and asymmetric 

matrices respectively). 
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Abstract 

 Many patients suffer from comorbidity conditions, for example, obese patients often develop type-2 diabetes and 
hypertension. In the US, 80% of Medicare spending is for organization patients with these numerous coexisting conditions. 
Predicting potential co morbidity conditions for an individual patient can promote preventive care and reduce costs.  
Predicting possible co-morbidity progression paths can provide important insights into population heath and aid with 
decisions in public health policy. Discovering the comorbidity relationships is complex and difficult, due to limited access 
to Electronic Health Records by seclusion laws. In this paper, we present a collaborative comorbidity prediction method to 
predict likely co-morbid conditions for individual patients, and a trajectory prediction graph model to reveal progression 
paths of co-morbid conditions. Our prediction approach utilizes patient generated health reports on online social media, 
called Social Health Records (SHR). The experimental results based on one SHR source show that our method is able to 
predict future co-morbid condition for a patient with coverage values of 48% and 75% for a top-20 and a top-100 ranked 
list, respectively. For risk trajectory prediction, our come up to is able to make known each potential progression trajectory 
between any two conditions and infer the confidence of the future trajectory, given any observed condition. The predicted 
trajectories are validated with existing co-morbidity relations from the medical literature. 

Keywords: Disease Progression; Collaborative Prediction; comorbidity Prediction; Mining Social Media; Trajectory 

Prediction. 

 
Introduction 

 Conditions of patients are diagnosed, and these diagnoses are recorded, e.g., in an electronic 

health record (EHR). Research has shown that some environment are correlated with each 

other to a measureable degree (“co-morbidities”) . It is difficult to find the trajectory of 

conditions that may be correlated. Research has been carried out on predicting incidence and 

progression trajectories from EHR data. However, EHR datasets are usually limited to one 

medical site or network and have limited coverage of populace and time period. besides, 

because of HIPAA laws, EHR datasets are rarely accessible to non-affiliated researchers, so the 

opportunities for research are often quite limited. To solve these problems, we tapped into self-

posted medical histories on a well-known medical social media site, which may cover patients 

all around the world. Compared with EHRs, the data on social media have the advantages of 

open access and the lack of privacy issues.  

 In patient social media, the patients willingly post their health status, with the purpose of 

letting others view and analyse the data and possibly provide advice. We define this kind of 

social media- base health data as Social Health Records (SHR). The SHRs contain self-reported 

data by patients, and are created to be shared with other patients on social media platform, 

while EHRs are usually created by clinicians or health care providers, using specialized EHR 

systems, and shared among clinical staff for care and billing purposes. 

 To address the challenges of predicting a comorbid medical condition incidence and 

progression of medical conditions, we developed two forecast models for comorbidity relations 

and condition trajectories based on SHRs, self- posted data available on patient-oriented social 
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media sites. To the best of our knowledge, this is the first non-disease-specific work on 

modeling comorbidity based on patients’ social media postings. First, to predict the most 

probable conditions  a patient will develop in the future, given the available health check 

history posted on his/her social media site, we utilized a collaborative filtering technique, which 

is widely used in applications  and online dating . For this problem, patients are viewed as 

users, diagnosed conditions as items, and presence or absence of a condition as a rating with 

binary values. We calculated the likeness between a patient’s record and other patients’ records 

and derived the risk of a certain medical condition. The output is a ranked list of medical 

conditions for a patient. Secondly, to infer medical condition progression trajectories given a 

certain experiential medical condition, we propose an algorithm to build the trajectory model 

from the online patients’ diagnosis history.  There are three steps to generate and make use of 

the trajectory model. The first step is called Edge Discovery, which identifies directional edges 

of comorbidities that co-occur for individual patients.  The second step is called Linking, in 

which the generate edges are recursively linked to build the state trajectory tree by recognize 

the common node (condition) in two edges.  

 In the last step, the trajectory model is used to infer the confidence value and support of 

possible progression trajectories given an observed condition. The predictive models of 

medical condition incidence and progression trajectory based on patients’ social media data 

can give insights for doctors and patients, to identify potential risks more quickly and to 

intervene and mitigate the risks at the earliest possible stage. 

 
Related Work 

 One thread of related research is to utilize data mining techniques to predict disease risks 

for individuals or to rank diseases by their risks. Davis et al.   Proposed CARE, which is the first 

well-known system for patient disease prediction using 13+ million elderly patients’ hospital 

visit records.  They developed a method to predict the disease risk of one patient based on the 

disease risks of other similar patients proposed to use correlations among nurture diagnoses, 

outcomes, and interventions to create a recommender system for constructing nursing care 

plans. Wiesner and Pfeifer introduced a graph-based data structure of health-related concepts 

extracted from information in Wikipedia.  

 Based on the health graph, they presented a recommendation procedure that makes use of 

a similarity measure to compute relevance with regard to users' information needs.  

 Qian et al.  investigated the patient risk prediction problem in the context of active learning 

with relative similarities.  Hussein et al. developed the Chronic Disease Recommender System 

to suggest medical advice and diagnoses to patients. 

 The above projects predict medical condition incidence but are not able to predict the 

medical condition progression trajectory. Another thread of research attempts to reveal and 

infer condition progression trajectories. Jensen et al.  investigated the temporal trajectory 

patterns of all diseases for the entire country of Denmark. 
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 They stratified the diagnoses by gender, age, and hospital encounter type, and identified 

1,171 significant trajectories. Then they used the Markov Cluster algorithm to identify the five 

largest clusters of disease trajectories that centered on a small number of key diagnoses.  

 Wang et al. developed a disease progression model based on a Bipartite Bayesian Network; 
their model was able to identify a few comorbidities and infer the progression trajectory and 
comorbidity onset of individual patients. Hainke 

 
Collaborative Prediction of Medical Condition 

 We present the collaborative prediction model to predict a ranked list of potential 

conditions for a patient, given a patient’s profile. In the first step, patients’ medical histories on 

their profiles were scraped. After data cleaning and filtering, the patients’ profile were fed into 

the collaborative filtering model, training it to predict comorbidities. 

 When the model is applied to a new patient’s record, the collaborative filtering computes 

the similarity between her/him and other alike patients and selects the neighborhood of 

patients who are most similar to the specific patient. lastly, the likelihood of each possible 

medical condition is calculated, and a ranked list based on the likelihood is built for this patient. 

 
A. Collaborative Prediction Model 

 Patients and conditions are 

represented as a matrix, M=I × J, 

where I ={all patients} and J={all 

the possible conditions}. Ji = (C1, C2, 

…, Cn) represents all the conditions 

of patient i ordered by diagnosis 

date. Note that J = ⋃𝑖∈(𝐽𝑖). To 

predict medical conditions for a 

new patient 0, we define  

 J0 = (C1,  C2, …, Cn) as the existing 

conditions of patient 0 and we define H0 =(C1, C2, …, Ck) where k≤n to symbolize a head 

sequence of conditions that will be used as an input for the collaborative prediction model. In 

this case   

 H0 = J0, since all of  patient  0’s diagnosed  conditions are  used  for  the  prediction model. 

We define T0  J – H0 as a set of predicted conditions for patient 0. 

 The goal of the collaborative prediction model is to predict the likelihood and the rank of 

each condition in T0. Fig. 1 shows the process and components of the joint prediction model. 

 To walk through the collaborative prediction algorithm, we use the dataset in Table I. The 

conditions of each patient are ordered by the patient’s diagnosis date for the condition. For 

example, patient P2 was first diagnosed with C1, then diagnosed with C3, and then diagnosed 

with C7 etc. The set of all patients is I = {P1, P2, P3, P4, P5}, and the set of all possible conditions is 
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|𝐼| 

J= ⋃𝑖∈(𝐽𝑖) = {C1, C2, C3, C4, C5, C6, C7, C8}. When a new patient P0 inputs diagnosed conditions C1 

and C3, then H0 = {C1, C3}. Target T0  J – H0 = {C2, C4, C5, C6, C7, C8}. 

Table.1 an Example Diagnosis Dataset 

Patient Diagnosis 
P1 C1, C2, C3, C4, C7 
P2 C1, C3, C7, C8 
P3 C2, C4, C8, C7 
P4 C1, C5, C6 
P5 C5, C7 

 For  each  condition  c  in  T ,  the neighbors 𝑁 = {𝑖 |𝑖 ∈0 𝑐 

𝐼 ∧ 𝑐 ∈ 𝐽𝑖} are all other patients with condition c. The probability of patient 0 having 

stipulation c in the future (represented as P0,c) is calculated by the following equation: 

 𝑃0, = 𝑘 ∑𝑖∈𝑁𝑐 (0, 𝑖) (1) 

 where k is a normalizing factor, and is defined as reciprocal of the total number of patients 

in the neighborhood, formally 

Algorithm 1 Predicting Ranked List of Potential Medical 
Conditions of a Patient 
Input: set of all possible conditions J, set of existing conditions of patient 0: J0 
Output: a ranked list of potential conditions C* 
begin 
initialize a set of target conditions T0, which is calculated by the equation: T0 = J - J0; 
for each condition c in T0: 
generate Nc, which is the set of all other patients with condition c; 
for each patient i in NC 
calculate W(0,i), which is the similarity between patient 0 and patient i; 
end for 
calculate probability (P0,c), support (S0,c), and the likelihood (L0,c) of patient 0 having 
condition c; add tuple <0, c, L0,c> to conditions set C*; 
end for 
sort C* by likelihood L0,c; return 
end 

 𝑘 = 1⁄|𝑁𝑐|. w(0,i) is a measure of the similarity between patient 0 and patient i, and is 

defined as the proportion of conditions of patient i to the circumstances in  head  set of  patient 

0. Formally the similarity of patient i and patient j is defined in the following equation: 

 
(i,j) = |{𝑥 | 𝑥 ∈𝐻0 ∧𝑥 ∈ 𝐽𝑗}| |𝐻0| (2) 

 
where H0 is the head set for patient 0. Then c’s support Sc is: 

 
𝑆𝑐 = 1 ∑𝑖∈𝐼 (𝑖)                  (3) 

 where 𝑓(𝑖)  is  an  indicator  function.  (𝑖) =  1  if  𝑐   ∈ 𝐽𝑖  and 

 (𝑖) = 0 otherwise. The tuple < 0, 𝑐, 𝑃0,, 𝑆𝑐 > represents the fact that patient 0 has the 

probability of 𝑃0,𝑐 of getting condition c, and the condition c’s support is Sc. After 𝑃0, and 
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 𝑆𝑐 have been computed, the list of potential conditions 𝐶 ∗ is defined as set of tuples 𝐶 ∗ ={< 

0, 𝑐, 𝑃0,𝑐, 𝑆𝑐 >| 𝑐  ∈ 𝑇0}  where c ranges over every condition in T0. The likelihood of patient 0 

developing condition c in the future is defined by the equation: 

𝐿0,  =   𝑃0,𝑐 × 𝑆𝑐     (4) 

 where the probability and support are both considered for prediction. In social health data, 

many high-support conditions are “popular” among patients. Incorporating the condition 

support measure into the likelihood takes into consideration the frequency of conditions in the 

prediction. 

B. Collaborative Prediction Algorithm 

 Algorithm 1 shows the process of prediction of diseases for a given input patient 0 who has 

a pre-condition set J0. 

 Consider the first condition C2 in T, then the following other patients Nc2 = {P1, P3} have this 

condition C2. w(P0, P1) = 1 because all conditions are common between P0 and P1, and  

w(P0, P3) = 0. Then 𝑃0,2 = (1+0)/2 = 0.5; Sc2 = 2/5 = 0.4. The tuple for condition C2 is therefore <0, 

C2, 0.5, 0.4>. Similarly, the tuples for other conditions in T are <0, C4, 0.5, 0.4>, <0, 

C5, 0.25, 0.4>,<0, C6, 0.5, 0.2>,<0, C7, 0.5, 0.8>, and <0, C8, 0.5, 0.4>. The likelihoods of P0 

developing conditions are as follows: C2:0.5*0.4=0.2, C4:0.5*0.4=0.2, C5:0.25*0.4 = 0.1, 

C6:0.5*0.2=0.1, C7:0.5*0.8=0.4, and C8:0.5*0.4=0.2. Therefore the ranked list of predicted 

conditions for P0 is (C7, C2, C4, C8, C5, C6). The order is not unique as, e.g., likelihoods are the 

same for C2 and C4, and we can only select top-K conditions. given an observed condition c is 

calculated as a conditional probability, where e1 is the starting edge and e1= (null, c). 

 
Trajectory Model for Predicting Progression of Conditions 

C(𝑒1𝑒2𝑒3, … , 𝑒𝑛 | c) = |U𝑡𝑖|⁄|𝐼(𝑒1)|       (5) 

 In many situations it is more desirable to predict a medical The comorbidity index (CI) of 

trajectory (e1e2e3,…, en) is defined as follows: condition progression trajectory, instead of a 

single condition.  

 
CI(𝑒1𝑒2, … , 𝑒𝑛) = | U𝑡|⁄∑𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 |𝑃𝑆(𝑐)|       (6) 

The trajectories stemming from a medical condition can provide a potential set of paths the 

patient may traverse, as well as explain the likelihood of paths to a final condition for a patient 

who suffers from an initial condition. We propose a trajectory model to track the progression 

and infer the most probable future trajectories from a patient’s observed history. A trajectory 

from a condition c is modeled as a tree T(c) = (N, 

E) where N={C1, C2,…Cn} is a set of nodes that represent the conditions and E={e1, e2,..., e3} is a 

set of edges where each edge e = (Ci, Cj) represents a progression from condition Ci to condition 

Cj. There are three steps to generate and make use of the trajectory tree. The first step is to 

discover edges of conditions from patients’ diagnoses history as made public in their profiles. 

The second step is to generate the trajectory model, based on the edges created in the first 

step. In the last step, the trajectory model is used to infer the confidence value and support of 
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potential progression trajectories given a patient’s diagnosis history. More in detail: 

1) Edge Discovery: This step helps identify directional edges of comorbidities, which co-

occur for individual patients. A directed edge ei is defined as: ei ={(Cj, Ck) | A patient was 

diagnosed with conditions Cj and Ck and Cj preceded Ck in 

where c is any condition in trajectory t and PS(c) is set of patients with c. The comorbidity 

index is used to achieve higher scores for trajectories with less-frequent conditions. 

To better illustrate the above method, let us consider the example dataset presented in Table I. 

After we applied the pair generation process on this dataset, 20 edges were generated (sorted 

by number of patients): Eex={(C1,C3), (C1,C7), (C3,C7), (C2,C4), (C2,C7), (C4,C7), (C5,C7), (C1,C8), (C3,C8), 

(C7,C8), (C1,C2),  (C1,C4),  (C2,C3),  (C3,C4),  (C1,C5),  (C1,C6),  (C5,C6), (C2,C8), (C4,C8), (C8,C7)}.  By  using  

Algorithm  2  and setting the  starting  condition  to  be  C2,  the   trajectory model is generated 

as shown in Fig. 2. Algorithm 2 is called with these inputs Eex, 0, 4, (null,C2), {}. 

Fig.2 the example of condition trajectories starting from condition C2 

 Algorithm 2 Build Condition Trajectory Tree 

temporal order}. In order to calculate the confidence 

value and support of a trajectory, the patients with 

these edges are defined as: I(ei) ={Patients who have 

the edge ei}. 

2) Linking: The generated edges are recursively linked to build the condition trajectory tree 

T by recognizing the common node (condition) in two edges. For example, given edges 

e1=(C1,C2), e2=(C2,C4), and e3=(C4,C5)  a  tree  is  built with an edge trajectory e1e2e3 resulting 

in a condition trajectory (C1C2C4C5). Note that we use edges for implementation purpose. 

For interpretation, the edge trajectory is converted into a condition trajectory. 

 Algorithm 1 is used for building the edge trajectory tree. The current edge ce = (Ci, Cj) and 

the new edge ne = (Ck, Ch) of conditions are linkable if Ck = Cj, and ne will not create a cycle in the 

current path. The trajectory model can be used to infer the confidence value of a medical 

condition trajectory given a certain observed condition. Given an edge trajectory ti = {e1, e2, 

e3,…, en}, then 𝑈𝑡𝑖 (the set of patients who have trajectory ti) is the intersection of the sets of the 

patients who have the same chain of linkable edges. Formally: 

 𝑈𝑡𝑖 =∩ {(𝑒𝑖) 𝑤𝑒𝑟𝑒 𝑒𝑖 𝑖𝑠 𝑎n edge 𝑖𝑛 𝑡𝑟𝑎𝑗𝑒𝑐𝑡𝑜𝑟𝑦 𝑡𝑖} (4) 

3) Inference: We are defining the support of trajectory ti (slightly differently from the 

standard definition) as |Uti|. The confidence value C of the edge trajectory (e1e2e3,…,en) 

Input: set of edges E, current depth cd, maximum depth md, current edge ce, path pa  

Output: trajectory model begin 

/* limit trajectories to a certain length*/ 
if current depth cd is equal to maximum depth md 

return 

END IF 

for each edge ne in edge set E 

/*if two edges can be linked, recursively build tree */ 
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if (ne is linkable with current edge ce) add ne as a child of current edge ce 

/*path is used for tracking patients of trajectory*/ append ne to the tail of path pa 

call Algorithm 1 with input E, cd+1, md, ne, pa 

remove ne from the path paend if end for return 

END 

 In Fig. 2, the number in parentheses indicates the number of patients having the trajectory 

from the root to the current node. For example, C3(1) indicates that there is one patient (P1) 

having trajectory (C2C3). The confidence of trajectory (C2C4C7) is 2/2 = 1, and the 

confidence of trajectory (C2C3C4C7) is 1/2 = 0.5. 

 
Evaluation Study 

A. Dataset Preprocessing The collected dataset is from the patients’ self-posted data in 

Patients Like Me website. It contains 17,418 patients’ information, including id, username, 

gender, age and location and 35,606 diagnoses for these patients. Each diagnosis contains 

6 attributes: Patient Id, Has Condition, Condition Id, Is Primary Condition, First-Symptom 

Date, and Diagnosis Date, for example, “ID: 8, Has Condition: Stroke, Condition Id: 48, Is 

Primary Condition: 0, First Symptom Date: May 1998, Diagnosis Date: Sep 1998”. 

Table 2 Condition incidence prediction results 

As in all social networks, the data collected is not clean, 

especially the Date field. Some of the First Symptom Date are 

specified by the user as “?” or blank, and some of Diagnosis Date 

are marked as “?”, “Diagnosed”, “Undiagnosed”, or blank, 

instead of a specific date. Since the both dates will be used in 

the prediction model, a data clean scheme will be used to preprocess the diagnosis dataset. 

Date format, such as “?”, “undiagnosed”, or blank is marked as improper dates. In diagnosis 

dataset, 17146 (48%) diagnoses have improper symptom dates, 17443 (49%) diagnoses have 

improper diagnosis dates, and 14775 (41%) diagnoses have both improper symptom date and 

improper diagnosis date. A gap-based method is developed to fill the missing dates and time 

one active patient i is taken out and the other patients are used for training. Then the first |Hi| 

conditions of patient i are fed into the trained model and the remaining |Ji| – |Hi| conditions of 

patient i are considered as future conditions and used for evaluation. The top-K conditions in 

the predicted ranked list are considered. We used coverage and rank to evaluate the prediction 

performance for each patient. The coverage is the proportion of correct future conditions in the 

top-K ranked list to the total number of correct future conditions. The rank is the average rank 

of all correct future conditions in the ranked list for this patient. The process is repeated for 

each patient, and averages of coverages and ranks are computed. The results are in Table II, 

where K is the size of the predicted ranked list and the head size is 2. The collaborative 

prediction model achieves a coverage value of 48% and 75% for top-20 and top-100 ranked 

lists, respectively. 

 

Top-K Average  
Coverage 

Average  
Rank 

20 48% 7.25 
100 75% 21.59 
All 100% 123.29 
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𝑗=1 

Table 3 Example of Predictions for Individual Patients 

 Works as follows. Suppose Di 

is all the diagnoses of patient i, 

and Di contains four subset  Di1,  

Di2,  Di3,  Di4, mathematically 

speaking, 𝐷𝑖 = ⋃4 𝐷𝑖𝑗. For 

each Di, Di1 is the diagnoses that 

both symptom date and diagnosis date are proper. Di2 is the diagnoses that symptom date is 

improper and diagnosis date is proper. Di3 is the diagnoses that symptom date is proper and 

diagnosis date is improper. Di4 is the diagnoses that both symptom date and diagnosis date are 

improper. First, Di4 is deleted from diagnosis dataset. Then to fill the missing date values of Di2 

and Di3, the local average gap LAPi is computed. LAPi is calculated by the following formula: 

Table 4 Comorbidities from Medical Literature 

Condition Comorbidity 

Major Depressive 
Disorder (MDD) 

Dysthymia, Panic Disorder, Agoraphobia, Social Anxiety, Obsessive–Compulsive 
Disorder, Generalized Anxiety Disorder, and Post-Traumatic Stress Disorder, 
Alcohol Dependence, Psychotic Disorder, Antisocial personality, Eating 
Disorders, Borderline Personality Disorder 

Irritable Bowel 
Syndrome (IBS) 

Major Depression, Anxiety, Somatoform Disorders, Fibromyalgia, Chronic 
Fatigue Syndrome, 
Gastroesophageal Reflux Disease, Restless Legs Syndrome 

Eating 
Disorder (ED) 

Obsessive–Compulsive Disorder, Bipolar Disorder, 
Substance Abuse, Diabetes, Bone Disease, Cardiac Complications, 
Gastrointestinal Distress 

Obesity 
Type 2 Diabetes Mellitus, Hypertension, Dyslipidemia, Cardiovascular Disease, 
Stroke, Sleep Apnea, Gallbladder Disease, Hyperuricemia And Gout, 
Osteoarthritis, IBS, Sleep Apnea Disorder 

Bipolar I 
Substance Abuse, Generalized Anxiety Disorder, Simple 
Phobia, Social Phobia, Obsessive-Compulsive Disorder, PTSD, Panic Disorder 

Migraine 

Stroke, Sub-Clinical Vascular Brain Lesions, Coronary Heart Disease, 
Hypertension, Psychiatric Diseases, RLS, Obesity, Epilepsy, Asthma, Irritable 
Bowel Disease, 
Chronic Fatigue Syndrome, Fibromyalgia 

𝐿𝐴𝑃 =   
 ∑𝑔∈𝐺 𝑔         (7) 

           𝑖|𝐺| 
 Where G={d.diagnosisdate - d.symptomdate | d∈Di1 }, which is the set of time gaps between 

corresponding pairs of proper diagnosis date and proper symptom date for patient i. Finally 

LAPi is used as the offset to fill the missing symptom dates in Di2 and the missing diagnosis dates 

in Di3. After the data cleaning is done, the diagnosis dataset ends up with 20,816 diagnoses, in 

which both FirstSymptomDate and DiagnosisDate are proper dates. 

B. ollaborative Prediction of Medical Condition Incidence 

 To evaluate the collaborative prediction approach, we used a leave-one-patient-out 

validation strategy similar to. Recall that head of patient i is Hi and the head size |Hi| is a 

parameter in our experiments. Only the patients that have |Hi|+1 conditions are used  for 

Id Diagnosed Conditions Top 2 Predicted Conditions 

296 Migraine, Fibromyalgia 
Chronic Fatigue Syndrome, 
Generalized Anxiety Disorder 

42 
Eating Disorder, Phobic 
disorder 

Social Anxiety Disorder, PTSD 

50 
HIV, Seborrheic 
Dermatitis 

Bipolar Disorder, Lactose 
Intolerance 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 209 

validation. Among them, each These results have better coverage (7% and 15% increase) 

when compared with the results reported by Davis et al. [3], The dataset was collected in the 

year 2012 and the data was processed right after. Who used EHR data. Our results show that 

the collaborative prediction model is able to make good predictions based on patients’ social 

media data. Table III shows examples of predictions. 

C. Generating Comorbid Disease Trajectories 

 To the best of our knowledge, there is no study to directly compare our results with. Thus 

we show the medical condition progression trajectories generated by our tree-based model and 

compare the trajectory results with existing comorbidities reported in literature. We selected 

six conditions, namely “Major Depressive Disorder” , “Migraine” , “Irritable Bowel Syndrome 

(IBS)” [20-22], “Eating Disorder” [23], “Obesity” [24-26] and “Bipolar I” [27, 28]. These 

conditions and their comorbidities are listed in Table IV. We chose each of these six conditions 

as the “starting condition” (i.e., a root) and generated the trajectory tree model (Algorithm 1) 

by setting the trajectory’s minimum support to 5. The trajectories (Table V) are first ranked in 

terms of their length. Within the same length, the top-2 trajectories in terms of the comorbidity 

index are shown. The predicted trajectories cover most of the comorbidities in the literature. 

More importantly, different from previous research, which predicts incidence or visualizes 

temporal trajectory patterns, our tree-based model predicts the confidence of the future 

trajectory and reveals every possible path between any two medical conditions. For example, 

for Eating Disorder (ED) and Panic Disorder (PD), there are at least two paths progressing from 

ED to PD (EDTobacco AddictionDrug AddictionPD and EDObsessive– Compulsive 

DisorderPD). It means that Eating Disorder is possible to progress to Panic Disorder either via 

Tobacco and Drug Addiction or via Obsessive-Compulsive Disorder. This functionality can help 

doctors and patients better understand the potential trajectories between any medical 

conditions. 

D. Comorbidity Progression Trajectory Analysis 

 To illustrate how the trajectories can be used to help doctors reveal the progression paths 

of medical conditions, we performed a case study on the progression trajectory starting with 

“Major Depressive Disorder” (MDD). The numbers in parenthesis on each node indicate the 

numbers of patients following the trajectory from the root to the current node, e.g., there     are     

17     patients     with     the     trajectory (MDD- >Fibromyalgia-> IBS). In Fig. 3, the most frequent 

length-2 trajectories are (MDD->GAD)   (165   patients)   and (MDD->Fibromyalgia) (127 

patients). The most frequent length-3 trajectory is (MDD->GAD->PD); (PD=Panic Disorder). The 

confidence value of (MDD->GAD->Panic Disorder) given the observed condition MDD is 37/680 

= 5.4%. The other length- 3 trajectories between MDD and PD are (MDD >Dysthymia->PD) 

(3.4%), MDD->PTSD->PD) (3.2%), and MDD->Social Anxiety Disorder->PD) (2.5%). 
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Table 5 Trajectory Results (Comorbidity Index in Percentage/Confidence Value in 

Percentage/Support); *: The Comorbidity Exists in Medical Literature 

Condition Comorbidity 

Major Depressive 

Disorder (MDD) 

MDD-> Post-Traumatic Stress Disorder (PTSD)* - 

>Panic Disorder* -> Social Anxiety Disorder* (0.25/1.3/9) 

MDD->PD*->SAD*->Phobic Disorder (0.23/1.1/8) MDD->Generalized Anxiety 

Disorder (GAD)*-> Obsessive- Compulsory Disorder (OCD)* (0.7/3/23) MDD-

>PD*->OCD* (0.7/2/19) 

MDD->Bipolar II (1.7/4/21) 

MDD->Borderline Personality Disorder* (1.2/3/21) 

Irritable Bowel 

Syndrome (IBS) 

IBS-> Gastroesophageal Reflux Disease (GERD)*- 

>Restless Legs Syndrome (RLS)* (0.9/3/6) 

IBS->Fibromyalgia*-> Chronic Fatigue Syndrome (CFS)* (0.3/9/17) 

IBS->RLS* (6/12/23) 

IBS->Osteoarthritis (3/10/18) 

Eating Disorder 

(ED) 

ED->Tobacco Addiction->Drug Addiction*->PD (0.2/4/5) 

ED->OCD*->PD->SAD (0.2/4/5) 

ED->Bipolar II*->Drug Addiction (0.6/5/6) 

ED->Drug Addiction*->Alcohol Addiction* (0.6/6/7) ED->Postpartum Depression 

(2/13/15) 

ED->Alcohol Addiction* (2/13/16) 

Obesity 
Obesity->Hypertension*->IBS* (0.6/6/5) Obesity->MDD->CFS (0.1/6/5) 

Obesity->Sleep Apnea Disorder* (4/12/10) Obesity->Plantar Fasciitis (3/6/5) 

Bipolar I 

Bipolar I->OCD*->Tobacco Addiction* (0.4/5/6) Bipolar I->Tobacco Addiction*-

>Drug Addiction* (0.4/4/5) 

Bipolar I->Bipolar II Disorder* (2/6/7) Bipolar I->PD* (1.9/15/17) 

Migraine 

Migraine->IBS*->Fibromyalgia*->CFS* (0.1/2/7) Migraine->Temporomandibular 

Joint Disorders (TMJ)- 

>IBS* (0.6/2/5) 

Migraine->IBS*->CFS* (0.6/4/10) Migraine->Sleep Apnea Disorder (3/7/18) 

Migraine->Tension Headache (3/6/15) 

  
 One possible explanation of this result is that Bouchard et al. [29] found that in young 

adults with low levels of lead exposure, higher blood lead levels were associated with increased 

risks of MDD and Panic Disorder, which confirmed the comorbidity of MDD and PD. 

 However, it is not known exactly which paths MDD patients go through to get PD. The 

trajectory model reveals possible intermediate nodes between these two conditions. Thus, 

MDD can progress to PD via GAD, Dysthymia, PTSD, or Social Anxiety Disorder. The likelihood 

going through GAD is higher than for other paths. 
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Fig.3 The comorbidity progression trajectory model starting from  

“Major Depressive Disorder” 

 
 

Fig.4 The conditions trajectories of (a) male and (b) female patients starting with 

Obsessive-Compulsive Disorder 

 

(a) 

 
E. Discussion on Gender-specific Medical Incidence and Trajectories 

 In this section, we discuss stratifying the medical incidence and trajectories based on 

patients’ gender to investigate the possible gender-specific disease incidence and progression 

trajectories. To compare the difference of medical incidence in terms of gender, we categorized 

174 medical conditions into 18 categories. Fig. 5 shows the distributions of male and female 

patients. We found that most of the categories have similar ratios as the overall ratio 

(female/male=8023/3932=2.04) except for five categories: “muscle, bone, joint,” “digestive, 

intestinal,” “lungs, respiratory,” “women’s health” and “men’s health.” These five categories 

have gender ratios of 11.05, 5.62, 3.27, 27.09 (b) and 0 respectively. For “muscle, bone, joint,” 

the reason is that most of the patients in this category have the condition “Fibromyalgia”; 90% 

of Fibromyalgia patients are female, which aligns well with our gender ratio. Most patients in 
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“digestive, intestinal” have IBS (Irritable bowel syndrome) and the ratio of 5.62 is slightly 

higher than the ratio of 2 reported by Mayo Clinic. The significant gender difference for 

“women’s health” and “men’s health” is notable, and we found out that 13 male patients suffer 

from Postpartum Depression (sic!), a clinical depression after child birth and a “women’s 

health” condition. 

 For the progression trajectories, we run trajectory model separately on 8,023 female 

patients and on 3,932 male patients by specifying each condition as the root. The preliminary 

results show that the trajectory trees show significant difference in terms of the size and 

progression courses across gender for most of the conditions. The male and female trajectory 

tree starting from Obsessive-Compulsory Disorder (OCD) is shown in Fig. 4. Male and female 

patients show the many identical trajectories (e.g., OCD->Generalized Anxiety Disorder  

(GAD) >Major Depressive Disorder (MDD), OCD- >GAD->Social    Anxiety    Disorder    (SAD),  

OCD->MDD->Panic Disorder, and OCD->MDD->PTSD). One exception is that    the    male    

patients    show   the    trajectory   of OCD->Dysthymia->SAD, which is not found in female 

patients. To validate this observation, we searched the related medical articles. Assuncao et al. 

found out that a third of OCD patients has social phobia (SAD), which was significantly 

associated with male gender, dysthymia, and generalized anxiety disorder (GAD). This study 

could possibly explain that why only male patients show the trajectory of OCD-> 

Dysthymia->SAD. More experiments need to be carried out to systematically compare the 

gender-specific condition trajectories in the future 

 
Fig.5 The number of (a) male and (b) female patients in each medical condition 

category (a) 
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(b) 

 
F. Limitations 

 One restraint for this research is a data quality issue. For our dataset, before the April 2011, 

a given patient could only have one condition, or pick from a small cluster of conditions on the 

social network website. For example, the patient suffering from a mood disorder can only select 

a list of other mood disorder they suffer as the same time, so they often co-occur. As a result, 

the site’s population is largely skewed towards people with conditions such as mood disorders 

and fibromyalgia. To allay this issue, we plan to select a subset of online patients who joined the 

site after April 2011, whose posted diagnosis could be a better representative of their 

comorbidities. 

 
Conclusions and Future Work 

 In this paper, we have presented a collaborative comorbid condition prediction and a 

comorbidity trajectory graph model to predict risks of medical condition incidence and 

trajectories using patients’ social media data. Different from other research, we only used 

publicly available patient- reported medical data, which we call SHR (Social Health Records) in 

contrast with EHR or PHR. A prediction model based on collaborative filtering (CF) is presented 

to predict a ranked list of future state incidences. In addition, a trajectory prediction model and 

algorithm are presented for disease progression trajectories from a starting condition. The 

untried results show that the collaborative prediction model for a condition occurrence 

predicts future conditions with coverage of 48% (top-20) and 75% (top- 100). The trajectory 

model reveals each possible progression trajectory for any two conditions. The top-ranked 

trajectories automatically discovered comorbidities that were validated by the medical 

literature. We also discussed the difference of trajectory results across patients’ gender. 

 Future work includes 1) Improve the tree-based trajectory model. Currently, the 

trajectories that have highly “popular” conditions (e.g., Fibromyalgia) tend to be ranked high in 
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terms of confidence, because more conditions are paired with “popular” conditions. It is also 

possible to filter trajectories with low self-assurance levels. 2) Systematically evaluate the 

trajectory prediction model. The current evaluation is based on the reported comorbidities. 

More experiments for evaluating the quality of predicted trajectories will be designed and 

performed. Also, the trajectory results in different stratifications of patients (e.g., by gender or 

by age) will be compared to investigate whether there are any significant gender or age-specific 

differences in trajectories. 3) The progression trajectory can be regarded as a generic version of 

a collaborative prediction model, as it not only predicts the potential incidence but also the 

intermediate conditions. We plan to combine the two models into one single model and to 

utilize the time sequence feature in the future. 
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Abstract 

 Personalization is one of the drivers to deal with the sustainability of the health care systems in Eastern or Western 
countries. This position paper presents a set of challenges in personalized systems for Personal Health Care, especially in 
the field of cardiovascular diseases. Authors in attendance the LINK proposal to drive for this paradigm change, moving 
from personal to personalized health care, pointing different measures that need to be addressed. Therefore, a well- focused 
strategy on big data, behavioral aspects, translational research and patient empowerment can overlay the way for a real 
Personalized Health Care in a very close future. 

 
Introduction 

There is a global consensus about the fact that present health systems are not any longer 

sustainable in Western or Eastern countries, just being able to break the bank as Dr. Margarite 

Chan, WHO General Director stated . There is a need to change the system as a whole, involving 

all the health co-creators stakeholders and not only the traditional health regulated bazaar 

stakeholders. This task is not easy, because even agreement about simple issue, as the 

definition of what does Active and Healthy Ageing mean is not easy; everybody agrees about 

the importance of Active and Healthy Ageing, but there are more than 25 different definitions 

about the same topic even though real advances are happening towards a common sympathetic 

of some hot topics. 

Personalization is one of the key issues to proceed with this change in the paradigm about 

how health care is provided. However, current Personal Health Care Systems (PHC) are 

personal but not personalized, life form designed using the ‘one fits all’ approach, lacking a truly 

Personal Health Care is still not a reality as the concept of translational medicine has not 

gone far further than the paper in most of the organizations. Tools to allow the use of 

knowledge and medical based verification by the medical staff to take the right decision at the 

point of care are not completely deployed in real settings. 

This position paper aims to identify what is still missing to have fully personalized PHCs, 

Some of those challenges are going to be managed from end to end the LINK plan, specially 

focused on the personalization for running of cardiovascular diseases. Although in the last 

decade there has be an intense and important explore on developing and deploy PHC services 

in cardiovascular disease (CVD) management (up to 50% of the PHC market products and 40% 

of research projects are related to CVD management), there are still a few major gaps that need 

to be addressed. 

To deal with this challenge and bring some ideas and evidences for discussion to the arena, 

this position paper is structured as follows. Section II will identify different challenges in 
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modified systems for PHC. The LINK project will be introduced in Section III, as deal with 

personalized services for cardiovascular disease management. To end up, in Section IV; 

Discussion and Conclusions, most of addressed challenges are cluster into some research tracks 

as drat research agenda for personalized system in the PHC arena, where researchers in this 

field need to focus their efforts. 

 
Challenges in Personalized Systems for PHC  

 Based on the large experience of the authors in the field of cardiovascular disease 

management, analysis of current activities in the field [9]–[12] and discussions with different 

experts, some challenges have been identified to speed up the process towards a personalized 

health care. 

 
Big Data 

Currently, one of the main gaps to mass-deploy PHC systems for chronic disease 

management such as CVD disease management is linked to the fact that current PHS intelligent 

processing layer lack adequate support to push PHC from personal to modified systems. In this 

context, to be truly personalized, intelligent processing requires auto- adaptive and self-

calibrating capabilities for modeling, prediction and explanation able to recursively learn 

specific individuals’ characteristics and contexts. Currently, it is observed that monitoring 

remains the main focus of deployed PHC systems . Existing processing algorithms are usually 

very simple (e.g., threshold or simple rule based algorithms), population-based tuned method 

that require a significant involvement and intervention of health professionals and usually lead 

to (i) lack of quality and accuracy of results, (ii) significant false optimistic warnings, inducing 

alert fatigue and (iii) low trust of health professionals and users. Another key barrier that calls 

for self-adaptation needs is the lack of context awareness (e.g., to environment, mood, activity, 

etc.) capabilities. 

Another key gap to be closed in PHC systems is related with the lack of capacity to process 

and integrate data coming from many sources (at multiple scales) and to adequately address 

issues related to data generated under abandoned conditions. Current PHC systems are moving 

from the one sensor/one signal principle to the one-sensor/multiple signals or even the 

multiple sensor/multiple signals design approach.  Furthermore, PHC have access to electronic 

patient records that containing a myriad of patient related data obtained from heterogeneous 

information sources and modalities. This pave the way for the design of bright processing 

algorithms able to perform a truly holistic and robust analysis of the patient status, taking 

advantage of harmonizing and redundant data sources for multidimensional modeling, 

prediction and pattern extraction for decision support. This is a major challenge given today’s 

multi-morbid characteristics of chronic patients requiring an integrated and proactive care 

approach. 

PHC application should advance the extraction of new explicable patterns and also make 

until that time extracted patterns better clear in order to take advantage of the massive amount 
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of large clinical databases as well as many data sources. One challenge to overcome in this field 

is related to the difficulty of transform attribute of different scales into scientifically feasible 

and computationally suitable formats. in addition, it is observed that current data pulling out 

algorithms have difficulty to tell apart between causality and co-occurrence, i.e., finding a new 

pattern such as the origin of a new disease or just another symptom. Additionally, before 

inferring any evidence from such datasets, special attention should be provided to quality data 

psychiatry where research from shows the added value and the clear return of such investment. 

 

Behavioral approach 

To succeed in personalized medicine, a proper rapport needs to be established with patients 

where information is not enough. Our health behaviors and practice are responsible for 

provoking 40 % of preventable deaths. Motivation and adapted feedback need to be present to 

support health behavior change and maintenance, looking for a healthy lifestyle. 

Personal supervision systems have to go a step further, moving towards tailored health 

guidance system. To achieve that, it is key to have a proper user profile and computational 

behavioral models. To cope with this challenge, there are some steps that need to be followed: 

i) the creation of “gold standard” measures, ii) the definition of a behavioral ontology for 

shared language and understanding  tools  to  allow  theoretical  and mathematical cooperation 

among multidisciplinary teams, iii) the development of data sharing resources and tools, and 

iv) a repository of shared mathematical models and tools to speed up rapid aggregation and 

validation of the models . 

 
Translational research 

Technology is not the unique driver as cultural and organizational issues are key factors to 

speed up translational research process. Policy maker play a critical role to deal with this topic, 

as they need to guarantee the integration in legacy systems, the definition of new roles and new 

statement schemes among the stakeholders, the cooperation between entities (twinning 

activities), the institutional support, the clinical leadership and the provision of funds for 

deployment activities. 

 
Patient Empowerment 

Benefits of patient empowerment have been properly and incessantly described in the 

journalism and even though evidence has shown that activated patients have significantly 

better health, and lower rates of doctor office visits, urgent situation room visits, and hospital 

admissions there are also studies from the other side, stating that informed or empowered 

patient demand more health services or are not healthier than the rest. 

 Self-quantifying; it is important the patient association in the process. 

 Feedback; as this is a bidirectional statement, not the traditional and paternalistic single 

direction statement between doctor and patient. 

 Ease of use; not additional technological or medical knowledge needs to be required and 
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when possible, it should happen in an modest way with a reduced or null learning curve. 

 Availability; citizen needs to have the freedom to get or provide data from everywhere at 

any time from any device. 

 Being aware about these facts since long time ago, it is now when thanks to the use of 

wearable and mobile technologies, these previously mentioned features are almost surefire and 

the patient empowerment process is becoming a reality. Therefore, there is a wide range of 

apps and tools that empower the citizen for a appropriate and more personalized follow-up, 

especially in the cardiovascular field, promoting a healthy lifestyle with i) Active and 

performance fitness managers: MyFitnesPal or Fitbit, ii) Physical activity managers: 

Endomondo, Runtastic and Strava are the top apps for physical activity management using only 

the smartphone , iii) Garment for remedy: These systems, as Nuubo , include an smartphone 

plus a set of wearable sensors  for cardiac rehabilitation, iv) Smart watches: Being a cool 

thought, it moved fast towards the market  without a clear evidence about that it is improving 

our health, v) Smart glasses: One of the first suggested uses for Google Glasses was the ehealth 

field as doctors are early adopters of such technologies , but nowadays they seem quite far from 

a massive use in any sector, vi) Educational content providers: Being reliable and tailored 

information a need for the empowered patient, the use of mobile technologies guarantees the 

access to valuable in sequence from everywhere, promoting the health literacy skills.  

Key features have been already identified and some examples have been provided but there are 

still missing points: i) integration into Personal Health Records (PHR), ii) use in a therapeutic 

daily routine and iii) support to real time decisions based on large heterogeneous datasets. 

 
The Link Project 

To face up with these challenges, LINK will build on international leaders and shared study 

interests and resources to create a self-sustainable collaboration ecosystem between three EU 

institutions (University of Coimbra,Polytechnic University of Milano and Universitat Politécnica 

de València) in the area of CVD management  for personalized health care applications in order 

to create an increased momentum in scientific excellence and international impact, and an 

intensify continuum in EU participation. The strategic goals of LINK are clustered into 5 wide-

ranging objectives, and 2 of them are closely related to this paper: i) definition of a research 

agenda through the establishment of an interdisciplinary research forum with key scientific 

organizations (IEEE-EMBS, IFMBE and European Society of Cardiology), academics, industrial 

actors as well as societal actors that have contributed to advancement and deployment of 

intelligent algorithms for PHC for CVD management, will identify additional gaps and 

challenges for this subject. ii) To enhance S&T supremacy in intelligent algorithms for PHC for 

CVD management. The lack of patient-specific predictive algorithms with the capacity of 

establish patterns or the evolution of patterns in multiple diseases in order to estimate the 

growth of the disease and, therefore, to pave the way for optimal, patient specific and 

coordinated treatment actions are major gaps to increase PHC solutions’ robustness and 

acceptance by professionals and patients. The infusion of clinical evidence and existing 
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biomedical knowledge while addressing these gaps will play a decisive role in improving 

accuracy, quality, personalization and, ultimately, acceptability by patients and professionals. 

 
Results 

For the analyze topics, LINK has already identified some gaps: A. BigData: improve context 

awareness algorithms, administration of data generate under not controlled situations and 

heterogeneous sources. Data quality metrics. B. Behavioral approach: New user profiling 

approach and teams with a common behavior ontology. C. Translational research: Involvement 

of all the stakeholder in the creation of new PHC services. Support to twinning and scaling up 

activities. D. Patient empowerment: Integration into PHR and with the Real World Big Data. 

These gaps are now converted into research tracks and challenges to allow a faster approach 

from involved stakeholders, mainly from R&D entities. Therefore, a multidisciplinary approach 

needs to face with identified challenges, as shown in Table I, for personalized health care 

systems. 

Table 1 Adressed Challenges 

Research Tracks Addressed Challenges 

Tele-monitoring and translational data 

for personalized VPH for diagnosis and 

prediction 

Integration of medical knowledge  

Multi-modal and multi-scale 

Self-adaptive algorithms 

Personalized aid decision tools  

Interpretable Patterns 

Merging data and knowledge driven ML 

for interpretable, personalized and 

incremental modeling and data mining 

Integration of medical knowledge and clinical 

evidence  

Multi-modal and multi-scale Interpretable patterns 

Treat and correct data from uncontrolled 

conditions Holistic workflows & Decision shore up 

System 

Data fusion for robust bio- signal 

processing 

Integration of medical knowledge and clinical 

evidence  

Treat and correct data from uncontrolled 

conditions 

Multi-modal and multi-scale 

Patient empowerment Behavior modelling 

User profiling Behavioral ontology 

Organizational issues and translational 

research 

Use in medical daily routine  

Institutional support 

Funds for deployment and scale up  

New organizational and communication schemes 
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Discussion and Conclusions 

Different actions and research tracks have been identified in this paper but a global dexterity 

needs to happen from a patient-centered perspective, where LINK can fuel this new paradigm, 

even produce a proof of concept for CVD management. 

 
References 

1. Margaret Chan, ‘Noncommunicable diseases damage health, excluding economic health. 

presented at the 2011 United Nations General Assembly’. [Online]. Available: 

http://www.who.int/dg/speeches/2011/medicines_access_20110218/en/. [Accessed: 10-

Nov-2015]. 

2. A. Honka, K. Kaipainen, H. Hietala, and N. Saranummi, ‘Rethinking Health: ICT-Enabled 

Services to Empower People to Manage Their Health’, IEEE Rev. Biomed. Eng., vol. 4, pp. 

119–139, 2011. 

3. J. Bousquet, D. Kuh, M. Bewick, T. Strandberg, et al, ‘Operative definition of active and 

healthy ageing (AHA): Meeting report. Montpellier October 20–21, 2014’, Eur. Geriatr. 

Med., vol. 6, no. 2, pp. 196–200, Apr. 2015. 

4. V. Traver and R. Faubel, ‘Personal Health: The New Paradigm to Make Sustainable the 

Health Care System’, Springer, 2011. 

5. I. Korhonen, E. Mattila, A. Ahtinen, J. Salminen, L. Hopsu, R. Lappalainen, and T. Leino, 

‘Personal health promotion through made to order health technologies - Nuadu 

experience’, Conf. Proc. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. IEEE Eng. Med. Biol. Soc. 

Annu. Conf., vol. 2009, pp. 316–319, 2009. 

6. M. Swan, ‘Health 2050: The Realization of Personalized pills through Crowdsourcing, the 

Quantified Self, and the Participatory Biocitizen’, J. Pers. Med., vol. 2, no. 4, pp. 93–118, Sep. 

2012. 

7. S. Allender, P. Scarborough, V. Peto, M. Rayner, J. Leal, R. Luengo-Fernandez, and A. Gray, 

‘European cardiovascular disease statistics’, 2008. 

8. Cristiano Codagnonen, ‘Reconstructing the Whole: Present and expectations of not public 

Health Systems’. PHS 2020, 2009. 

9. M. Harris and J. Habetha, ‘The MyHeart project: A framework for personal health care 

applications’, in 2007 Computers in Cardiology, 

10. J. P. Lázaro, S. Guillén, T. Meneu, and A. Martínez, ‘HeartWays Solution for Exercise Based 

Cardiac Rehabilitation’, in The International Conference on Health Informatics, vol. 42, Y.-T. 

Zhang, Ed. Cham: Springer International Publishing, 2014, pp. 343–346. 

11. T. Meneu, V. Traver, S. Guillen, B. Valdivieso, J. Benedi, and C. Fernandez-Llatas, ‘Heart 

Cycle: Facilitating the deployment of advanced care processes’, in Engineering in Medicine 

and Biology Society (EMBC), 2013 35th Annual global Conference of the IEEE, 2013, pp. 

6996–6999. 

 

 

http://www.who.int/dg/speeches/2011/medicines_acce
http://www.who.int/dg/speeches/2011/medicines_acce
http://www.who.int/dg/speeches/2011/medicines_acce


International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 222     K.S.R. College of Arts and Science for Women 

12. E. Skobel, A. Martinez-Romero, B. Scheibe, P. Schauerte, N. Marx, J. Luprano, and  

C. Knackstedt, ‘Evaluation of a just now designed shirt-based ECG and breathing sensor for 

home-based training as part of cardiac rehabilitation for coronary artery  disease’, Eur. J. 

Prev. Cardiol., vol. 21, no. 11, pp. 1332–1340, 2014. 

13. D. Roggen, B. Arnrich, and G. Tröster, ‘Life style supervision using wearable computer’, in 

Proceedings of the 4th International Workshop on Ubiquitous Computing for Pervasive 

Healthcare Applications (UbiHealth 2006), 2006. 

14. X.-F. Teng, Y.-T. Zhang, C. C. Poon, and P. Bonato, ‘Wearable medical systems for p-health’, 

Biomed. Eng. IEEE Rev. In, vol. 1, pp. 62–74, 2008. 

15. M. Swan, ‘Sensor Mania! The Internet of Things, Wearable Computing, Objective Metrics, 

and the Quantified Self 2.0’, J. Sens. Actuator Netw., vol. 1, no. 3, pp. 217–253, Nov. 2012. 

16. C. Sáez, J. Martínez-Miranda, M. Robles, and J. M. García-Gómez, ‘Organizing data quality 

judgment of shifting biomedical data’, Stud. Health Technol. Inform., vol. 180, pp. 721–725, 

2012. 

17. D. Spruijt-Metz, E. Hekler, N. Saranummi, S. Intille, Korhonen, W. Nilsen, D. E. Rivera,  

B. Spring, S. Michie, D. A. Asch, A. Sanna, V. T. Salcedo, R. Kukakfa, and M. Pavel, ‘Building 

new computational models to support health behavior change and maintenance: new 

pportunities in behavioral research’, Transl. Behav. Med., possibly will 2015.   

18. E. B. Hekler, P. Klasnja, V. Traver, and M. Hendriks, ‘Realizing Effective Behavioral 

Management of Health: The Metamorphosis of Behavioral Science Methods’, IEEE Pulse, 

vol. 4, no. 5, pp. 29–34, Sep. 2013. 

19. R. Schwarzer, ‘Modeling Health Behavior Change: How to Predict and Modify the Adoption 

and Maintenance of Health Behaviors’, Appl. Psychol., vol. 57, no. 1, pp. 1–29, Jan. 2008. 

20. A. Tzeng, T. H. Tzeng, S. Vasdev, A. Grindy, J. K. Saleh, and K. J. Saleh, ‘The Role of Patient 

Activation in Achieving Better Outcomes and Cost-Effectiveness in Patient Care’, JBJS Rev., 

vol. 3, no. 1, pp. e4–e4, Jan. 2015. 

21. The Look AHEAD examine Group, ‘Cardiovascular Effects of Intensive Lifestyle 

Intervention in Type 2 Diabetes’, N. Engl. J. Med., vol. 369, no. 2, pp. 145– 154, Jul. 2013. 

22. V. Traver, L. Fernandez-Luque, F. J. Grajales III, and R. Karlsen, ‘The paradigm shift: the 

roles of patient in today’s healthcare systems’, in 6th edition of the all-inclusive Workshop 

on Wearable Micro and Nano Technologies for Personalised Health - pHealth 2009 

Proceedings, Oslo, 2009, p. 53. 

23. V. Traver and L. Fernández-Luque, El ePaciente y las redes sociales. Valencia: Publidisa, 

2011. 

24. C. Luttrell, S. Quiroz, and E. Overseas Development Institute (London, Understanding and 

operationalising empowerment. London: Overseas Development Institute, 2009. 

25. W. Kuijpers, W. G. Groen, N. K. Aaronson, and W.H. van Harten, ‘A Systematic Review of 

Web-Based Interventions for Patient Empowerment and Physical Activity in Chronic 

Diseases: Relevance for Cancer Survivors’, J. Med. Internet Res., vol. 15, no. 2, p. e37, Feb. 

2013. 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 223 

26. F. Mulas, P. Pilloni, M. Manca, L. Boratto, and S. Carta, ‘Linking Human-Computer 

Interaction with the Social Web: A web relevance to improve motivation in the exercising 

activity of users’, 2013, pp. 351–356. 

27. ‘nECG Platform | Nuubo’. [Online]. Available:  

https://www.nuubo.com/index.php?q=es/node/163. [Accessed: 13-Nov-2015]. 

28. W. Glauser, ‘Doctors among early adopters of Google Glass’, Can. Med. Assoc. J., vol. 185, no. 

16, pp. 1385–1385, Nov. 2013. 

29. F. Lupiáñez-Villanueva, ‘Health and the Internet: Beyond the Quality of Information’, Rev. 

Esp. Cardiol. Engl. Ed., vol. 64, no. 10, pp. 849–850, Oct. 2011. 

  



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 224     K.S.R. College of Arts and Science for Women 

 
SOFT COMPUTING METHODS FOR DIABETES DIAGNOSIS – A REVIEW 

 
S.Arun Joe Babulo, M.Sc., M.Phil., (Ph.D.) 

Assistant Professor, Department of Computer Applications 

K.S.R College of Arts and Science for Women, Tiruchengode, Namakkal, Tamilnadu 

 
Abstract 

 Early diagnosis of any disease with less cost is always Preferable. Diabetes is one of such disease. It has become the 4 th 
leading cause of death in developed countries and is also reaching epidemic proportions in many developing and newly 
industrialized nations. Due to its importance the need for detection of this disease is increasing. For this we present an 
efficient method for classification of patients for diabetes using optimized soft computing techniques. 

Keywords: classification, diabetes detection, fuzzy knn, k nearest neighbor, neural networks, support vector machine. 

 
Introduction 

 Diabetes is a major health problem not only in industrial but developing Countries as well 

and its incidence is inclining. It is a condition in which the body unable to produce or properly 

use the hormone called insulin that ‘‘unlocks” the cells of the body and allows glucose to enter 

and fuel them. Diabetes leads to increase in the risks of developing kidney disease, blindness, 

nerve damage, blood vessel damage and heart disease also. The exact cause of diabetes 

continues to be a mystery, although both genetics and environmental factors such as obesity 

and lack of exercise are considered to be key factors. There are two kinds of diabetes, type 

1diabetes and type 2. The most common form of diabetes is Type 2 diabetes. This type 

diabetes is a result of insulin resistance. However, in Type 2 diabetes, either the body does not 

produce sufficient insulin or the cells ignore the insulin. There are many factors which need to 

be analyzed to diagnose the diabetes of a patient, and this makes the physician’s job difficult. 

Without doubt, evaluation of data taken from patient and decisions of experts are the most 

important factors in diagnosis. But, this is not easy as number of factors has to be evaluated. 

To help the experts and minimize possible errors that can occur due to fatigued or 

inexperienced, classification systems provide medical data to be examined in shorter time and 

are more detailed. Expert systems and different artificial Intelligence techniques for 

classification systems in medical diagnosis are increasing slightly. As for other clinical 

diagnosis problems, classification Systems has been used for diabetes diagnosis problem. 

 
Literature Review 

Carpenter and Markuzon (1998) 

 This paper implemented an instance counting algorithm ARTMAP-IC (Adaptive resonance 

theory match tracking algorithm) and obtained an accuracy of 81% to test set .Conventional 

(one training and one test) validation method has been used by them. ARTMAP-IC modifies the 

ARTMAP search algorithm to allow the network to encode inconsistent cases, and it combines 

both instance counting during training with distributed category representation during testing 
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to obtain probabilistic predictions, even with fast learning and only one training epoch. The 

ARTMAP algorithm, control predictive errors. A new version facilitates prediction with sparse 

or inconsistent data. When original match tracking algorithm is compared with the new 

algorithm, it provides better approximates the real-time network differential equations and 

also reduces memory without any loss of performance. Predictive accuracy is estimated by 

simulations on four medical databases: Pima Indian diabetes, breast cancer, heart disease, and 

gall bladder removal. ARTMAP-IC results are similar to or better than those of logistic 

regression, K nearest neighbor (KNN), the ADAP preceptron, multisurface pattern separation, 

CLASSIT, instance-based (IBL), and C4. 

 
Polat and Gunes (2007) 

 This paper discussing using principal component analysis (PCA) and adaptive neuro-fuzzy 

inference system (ANFIS). The aim of this study is to bring an improvement in the diagnostic 

accuracy of diabetes disease combining PCA and ANFIS. The proposed system has two stages. 

In the first stage, dimension of diabetes disease dataset that has 8 features, is minimized to 4 

features with the usage of principal component analysis. In the second stage, diagnosis of 

diabetes disease is carried out via adaptive neuro-fuzzy inference system classifier. The 

dataset used in our study is taken from the UCI (from Department of Information and 

Computer Science, University of California) Machine Learning Database. The obtained 

classification accuracy of our system was 89.47% and it was very promising as compared to 

the other classification applications. 

 
Yue Huang (2007) 

 This paper discussing feature selection technique, feature selection via supervised model 

construction (FSSMC), was used to identify the important attributes affecting diabetic control. 

After selection of suitable features, three complementary classification techniques (Naive 

Bayes, IB1 and C4.5) were applied to the data in order to predict how well the condition of 

patient was controlled. FSSMC identified patients’ ‘age’, ‘diagnosis duration’, the need for 

‘insulin treatment’, ‘random blood glucose’ measurement and ‘diet treatment’ as the most 

important factors which influence blood glucose control. With the usage of this technique, the 

best predictive accuracy of 95% and sensitivity of 98% was achieved. The factors, like ‘type of 

care’ delivered, the use of ‘home monitoring’, and the importance of ‘smoking ‘are not so much 

important in diabetes control. The more important factors that are identified include: ‘age of 

patients’, ‘diagnosis duration’ and ‘family history’, which are beyond the control of physicians. 

 
Kemal Polat (2008) 

 This paper we discussing Generalized Discriminant Analysis (GDA) and Least Square 

Support Vector Machine (LS-SVM) for diagnosis of diabetes disease. Also, we proposed a new 

cascade learning system based on Generalized Discriminant Analysis and Least Square 

Support Vector Machine. The proposed system includes two stages. The first stage, we have 

used Generalized Discriminant Analysis to discriminant feature variables between healthy and 
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patient (diabetes) data as pre-processing step. The second stage, we have used LS-SVM for 

classification of diabetes dataset. While LS-SVM obtained 78.21% classification accuracy using 

10-fold cross validation, the proposed system called GDA-LS-SVM obtained 82.05% 

classification accuracy using 10-fold cross validation and it is very promising compared to the 

previously reported classification techniques. 

 
Hasan Temurtas (2009) 

 In this study, a multilayer neural network structure, trained by Levenberg-Marquardt (LM) 

algorithm and a probabilistic neural network structure were used. The results of the study 

were compared with the results of the previous studies that also focused on diabetes disease 

diagnosis and by using the same UCI machine learning database obtains 79.62% accuracy. The 

classification accuracy of MLNN with LM obtained by this study using correct training was 

comparatively bit better than those obtained by other studies except the classification 

accuracies by Polat and Gunes. 

 
Santi Wulan (2009) 

 This paper implemented MKS-SSVM technique to improve accuracy of the result has been 

developed by many researchers. It is called Multiple Knot Spline SSVM (MKS-

SSVM).Implement an experiment on Pima Indian diabetes dataset to evaluate the effectiveness 

of our method. The accuracy of previous results of this data is still below 80% using SSVM that 

is smooth support vector machine. Then, the proposed MKS-SSVM showed better performance 

in classifying diabetes disease diagnosis with accuracy of 93.2% which is better than previous 

reported results. 

 
Santi Wulan Purnami (2010) 

 This paper presents a novel method for diabetes disease diagnosis using modified spline 

smooth support vector machine (MS-SSVM) to obtain optimal accuracy results, firstly uniform 

Design method was used for selection of most relevant features. The performance of this 

method is evaluated using 10-fold cross validation accuracy, confusion matrix. The obtained 

classification accuracy using 10-fold cross validation is 96.58% in comparison with other 

spline SSVM technique. The results of this study showed that the modified spline SSVM was 

effective to detect diabetes disease diagnosis and this is very promising result compared to the 

previously reported results. 

 
Muhammad Waqar Aslam (2010) 

 This paper implemented genetic programming (GP) and a variation of genetic 

programming called GP with comparative partner selection (CPS) for detection of diabetes. 

The proposed system includes two stages. In first stage, genetic programming is used to 

produce an individual from training data that converts the available features to a single 

feature such that it has different values for healthy and patient (diabetes) data. In the second 

stage, test data is used for testing of that individual features. The proposed system was able to 
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achieve78.5±2.2% accuracy. The results showed that GP based classifier perform better in the 

diagnosis of diabetes disease. 

 
Nahla H. Barakat (2010) 

 In this paper, support vector machines (SVMs) are proposed for the diagnosis of diabetes. 

In this, we used an explanation module, which is called as "black box" model of an SVM which 

we used for diagnostic (classification) decision. Results obtained on diabetes dataset by using 

“black box” shows that it is a promising tool that is provided by intelligible SVM’s for the 

prediction of diabetes, with prediction accuracy of 94%, sensitivity of 93%, and specificity of 

94%. Future work is to conduct a prospective study to further refine the predictive results 

obtained by the proposed rules. 

 
Meryem SAIDI (2011) 

 The use of expert systems and artificial intelligence techniques in disease diagnosis is 

increasing slightly. Artificial Immune Recognition System (AIRS) is one of the methods that are 

used in medical classification problems. AIRS2 is a modified version of the AIRS algorithm. In 

this paper, a modified AIRS2 called MAIRS2 was used where we replaced the K- nearest 

neighbor’s algorithm with the fuzzy K-nearest neighbors to improve the diagnostic accuracy of 

diabetes diseases. The diabetes disease dataset which we are using are taken from UCI 

machine learning repository. The highest classification accuracy was obtained by applying the 

AIRS2 and MAIRS2 using 10-fold cross-validation, which was 82.69% and 89.10% 

respectively. MAIRS2 was applied to recognize diabetes disease. From this we observe that an 

increase in the number of memory cells led to a better recognition rate but side by side, it 

diminishes the degree of data reduction. In future we hope that the use of others classification 

techniques and affinity measure methods such as Manhattan distance increase the recognition 

rate of the diabetes disease. 

 
Davar Giveki (2012) 

 This paper presents a novel automatic approach to diagnose Diabetes disease based on 

Feature Weighted Support Vector Machines (FW-SVMs) and Modified Cuckoo Search (MCS). 

The model consists of three stages: Firstly, there is application of PCA to select an optimal 

subset of features out of set of all the features. Secondly, Best feature weights are estimated 

using Mutual Information (MI) based on their degree of importance. Finally, MCS is applied to 

select the best parameter values from all parameters. An accuracy of 93.58% is obtained by 

the proposed MI-MCS-FWSVM method on UCI dataset. Moreover, Modified Cuckoo Search is 

used for speeds up the convergence of the algorithm and also to find the optimal values for 

parameters of SVM. This method can be combined with medical software’s to assist physicians 

so that they can take make more accurate decisions about Diabetes disease 

 
Nesma Settouti (2012) 

 This paper discussing FCM and ANFIS to diagnose the diabetes diseases by using a reduced 
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number of fuzzy rules with relatively small number of linguistic labels, removing the similarity 

of the membership functions, preserving the meaning of the linguistic labels, and in same time 

improving the classification performances. Experimental results show that the proposed 

approach FCM-ANFIS can get high accuracy with fewer rules. On the other hand, by using 

ANFIS more rules are needed to get a lower accuracy. Moreover, the features projected 

partition in ANFIS is ambiguous and cannot preserve the meaning of the linguistic labels. The 

best number of the rules is a trade-off between the accuracy and the rules number, also with a 

minimum of clusters (c=2) and just two fuzzy rules, FCM- ANFIS approach has given the best 

results with CC = 83.85%, Se = 82.05% and Sp = 84.62% comparing to the other cases. 

 
Proposed Data Classification Method 

 We want to apply Bacterial Forging Optimization to classify Diabetes Clinical data and 

predict the likelihood of a patient being affected with Diabetes or not. 

 To improve the accuracy, for lower classification error rate and to make the classification 

technique more efficient. 

Algorithm 

 Bacterial forging optimization: Bacterial foraging optimization algorithm (BFOA) has 

been widely accepted as a global optimization algorithm of current interest for distributed 

optimization and control. BFOA is encouraged by the social foraging behavior of Escherichia 

coli. BFOA has already drawn the attention of researchers because of its efficiency in solving 

real-world optimization problems rising in various application domains. The foraging strategy 

of E. coli bacteria can be explained by four processes namely Chemotaxis, Swarming, 

Reproduction, Elimination and Dispersal. 

 Chemotaxis: This process simulates the movement of an E.coli cell through swimming and 

tumbling via flagella. Biologically an E.coli bacterium can move in two different ways. It can 

swim for a period of time in the same direction or it may tumble, and alternate between these 

two modes of operation for the entire lifetime. 

 Swarming: For the bacteria to reach at the richest food location (i.e. for the algorithm to 

converge at the solution point), it is desired that the optimum bacterium till a point of time in 

the search period should try to attract other bacteria so that together they converge at the 

solution point more rapidly. To achieve this, a penalty function based upon the relative 

distances of each bacterium from the fittest bacterium till that search duration, is added to the 

original cost function. Finally, when all the bacteria have merged into the solution point this 

penalty function becomes zero. The effect of Swarming is to make the bacteria congregate into 

groups and move as concentric patterns with high bacterial density. 

 Reproduction: The original set of bacteria, after getting evolved through several 

chemotactic stages reach the reproduction stage. Here, the best set of bacteria (chosen out of 

all the chemotactic stages) gets divided into two groups. The healthier half replaces the other 

half of bacteria, which gets eliminated, owing to their poorer foraging abilities. This makes the 

population of bacteria constant in the evolution process. The survival and elimination 
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behavior of any bacterium is better known as its ‘motile behavior’. 

 Elimination and Dispersal: In the evolution process a sudden unforeseen event can 

occur, which may drastically alter the smooth process of evolution and cause the elimination 

of the set of bacteria and/or disperse them to a new environment. Most ironically, instead of 

disturbing the usual chemotactic growth of the set of bacteria, this unknown event may place a 

newer set of bacteria nearer to the food location. From a broad perspective, elimination and 

dispersal are parts of the population-level long-distance motile behavior. In its application to 

optimization it helps in reducing the behavior of stagnation. 

 
Diabetes Disease Dataset 

 In this study, we want to use the UCI Diabetes diseases dataset. This dataset contains 768 

samples, where each sample has 8 features which are eight clinical findings: 

1) Number of times pregnant 

2) Plasma glucose concentration a 2 h in an oral glucose tolerance test 

3) Diastolic blood pressure (mm Hg) 

4) Triceps skin fold thickness (mm) 

5) 2-hour serum insulin (mu U/ml) 

6) Body mass index (kg/mA2) 

7) Diabetes pedigree function 

8) Age (years) 

 
Conclusion 

 We have presented an extensive review of data classification methods over the diabetes 

dataset using different data mining classification technique such as neural network structures, 

support vector machine, fuzzy set theory genetic programming, Artificial immune recognition 

system, PCA, MS-SSVM.Like by using AIRS2 an increase in the number of memory cells led to a 

better recognition rate but side by side, it diminishes the degree of data reduction using 

Modified Cuckoo Search is used for speeds up the convergence of the algorithm and also to 

find the optimal values for parameters of SVM. This method can be combined with medical 

software’s to assist physicians so that they can take make more accurate decisions about 

Diabetes disease. All these methods have some shortcomings. So we have proposed to use a 

novel Bacterial Forging Optimization applied to data classification to overcome these 

shortcomings. 
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Abstract 

 This article argues for an affirmative answer to the question in the title. In future interactions between mathematics 
and biology, both fields will contribute to each other, and, in particular, research in the life sciences will inspire new 
theorems in “pure” mathematics. This point is illustrated by a snapshot of four recent contributions from biology to 
geometry, combinatorics   and algebra. 

Keywords: convex polyhedral cone, split-prime, split metric, decomposition. 

 
Introduction  

 Much has been written about the importance of mathematics for research in the life 

sciences in the 21st century. Universities are eager to start initiatives aimed at promoting the 

interaction between the two fields, and the federally funded mathematics institutes (AIM, IMA, 

IPAM, MBI, MSRI, SAMSI) are outdoing each other in offering programs and workshops at the 

interface of mathematics and the life sciences. The Clay Mathematics Institute has had its share 

of such programs. 

 For instance, in the summer of 2005, two leading experts, Charles Peskin and Simon Levin, 

served as Clay Senior Scholars in the Mathematical Biology program at the IAS/Park City 

Mathematics Institute (PCMI), and in November 2005, Lior Pachter, Seth Sullivant and the 

author organized a workshop on Algebraic Statistics and Computational Biology at the Clay 

Mathematics Institute in Cambridge.  

 Yet, as these ubiquitous initiatives and programs unfold, many mathematicians remain 

unconvinced, and some secretly hope that this “biology fad” will simply go away soon. They 

have not seen any substantive impact of quantitative biology in their area of expertise, and 

they rightfully ask: where are the new theorems?  

 In light of these persistent doubts, some long-term observers wonder whether  anything 

has really changed in the twenty years since Gian-Carlo Rota wrote his widely quoted 

sentence, “The lack of real contact between mathematics and biology  is either a tragedy, a 

scandal, or a challenge, it is hard to decide which” [16, page   2]. Of course, Rota was well 

aware of the long history of mathematics helping biology, such as the development of 

population genetics by Fisher, Hardy, Wright and others in the early 1900’s. Nonetheless, Rota 

concluded that there was no “real contact”. 

 But, quite recently, other voices have been heard. Some scholars have begun to argue that 

“real contact” means being equal partners, and that meaningful intellectual contributions can, 

in fact, flow in both directions. This optimistic vision is expressed succinctly in the title of J.E. 

Cohen’s article [6]: “Mathematics is biology’s next microscope, only better; biology is 

mathematics’ next physics, only better”. 
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 Physics remains the gold standard for mathematicians, as there has been “real contact” 

and mutual respect over a considerable period of time. Historically, mathematics has made 

many contributions to physics, and in the last twenty years there has been a payback beyond 

expectations. Many of the most exciting developments in current mathematics are a direct 

outgrowth of research in theoretical physics. 

 Today’s geometry and topology are unthinkable without string theory, mirror symmetry 

and quantum field theory. It is “obvious” that physics can lead to new theorems. Any 

colloquium organizer in a mathematics department who is concerned about low attendence 

can reliably fill the room by scheduling a leading physicist to speak. The June 2005 public 

lecture on Physmatics by Clay Senior Scholar Eric Zaslow sums up the situation as follows: 

“The interplay between mathematics and physics has, in recent years, become so profound 

that the lines have been blurred.  

 The two disciplines, long complementary, have begun a deep and fundamental            

relationship...”.Will biology ever be mathematics’ next physics? In the future, will a theoretical 

biologist ever win a Fields medal? As unlikely as these possibilities seem, we do not know the 

answer to these questions. However, my recent interactions with computational biologists 

have convinced me that there is more potential in this regard than many mathematicians may 

be aware of. In what follows I wish to present a personal answer to the legitimate question: 

where are the new theorems? 

 I shall present four theorems which were inspired by biology. These theorems are in 

algebra, geometry and combinatorics, my own areas of expertise. I leave it to others to discuss 

biology-inspired results in dynamical systems and partial differential equations. Before 

embarking on the technical part of this article, the following disclaimer must be made: the 

mathematics presented below is just a tiny first step. The objects and results are certainly not 

as deep and important as those in Zaslow’s lecture on Physmatics. But then, Rome was not 

built in a day. 

 We start our technical discussion with a contribution made by evolutionary biology 

to the study of metric spaces. This is part of a larger theory developed by Andreas Dress and 

his collaborators [2, 9, 10].  

 
Definition  

 A finite metric space is a symmetric n × n matrix  M = (dij) whose entries are non-negative 

( 0)ij ijd d  , zero on the diagonal (dii = 0), and satisfy the triangle inequalities         

( )ik ij jkd d d   . Each metric space M on {1, 2, . . . , n} is a point in 
 2
n

  . 

 The set of all such metrics is a full-dimensional convex polyhedral cone in 
 2
n

 , known as 

the metric cone [8]. With every point M in the metric cone one associates the convex 

polyhedron { :   for all i,j}n

M i j ijP x x x d    . 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 233 

 If M1, . . . ,Mk are metric spaces then M1 + · · · + Mk is a metric space as well, and 

1 2 1 2... ....
k kM M M M M MP P P P       . If this inclusion of polyhedra is an equality then we say 

that the sum M1+M2+· · ·+Mk is coherent. A split is a pair ( , )   of disjoint non-empty subsets 

of {1, . . . , n} such that ( )  = {1, . . . , n}. Each split ( , )   defines a split metric ,M    as  

follows: 

,
0 if{ , }   or { , }

1 otherwise  
ij

i j i j
M  

   
  
 

  

 The polyhedron  ,M
P   which represents a split metric ,M   has precisely one bounded 

edge, and its two vertices are the zero-one incidence vectors of   and   .  

A metric M is called split-prime if it cannot be decomposed into a coherent sum of a positive 

multiple of a split metric and another metric.  

 The smallest example of a split-prime metric has n = 5, and it is given by the distances 

among the nodes in the complete bipartite graph K2,3. 

 
Theorem 1. (Dress-Bandelt Split Decomposition [2]) 

  Every finite metric space M admits a unique coherent decomposition M =M1 +· · ·+Mk + M , 

where M1, . . . ,Mk are linearly independent split metrics and M’ is a split-prime metric. 

 This theorem is useful for evolutionary biology because it offers a polyhedral framework 

for phylogenetic reconstruction. Suppose we are given n taxa, for instance the genomes of n 

organisms, and we take M be a matrix of distances among these taxa. In typical applications , 

dij would be the Jukes-Cantor distance [21, §4.4] derived from a pairwise alignment of genome 

i and genome j. Then we consider the polyhedral complex Bd(PM) whose cells are the bounded 

faces of the polyhedron PM. This is a contractible complex known as the tight span [9] of the 

metric space M. The metric M is a tree metric if and only if the tight span Bd(PM) is one 

dimensional, and, in this case, the one-dimensional contractible complex Bd(PM) is precisely 

the phylogenetic tree which represents the metric M. The space of phylogenetic trees on n taxa 

was introduced by Billera, Holmes and Vogtmann [4]. Since every tree metric uniquely 

determines its tree, this space is a subset of the metric cone. It can be characterized as follows: 

 
Corollary 

The space of trees of [4] equals the following subset of the metric cone:    

 Treesn= 
 2

M{ :  is metric and dimBd(P ) 1}
n

M M  . 

 If the metric M arises from real data then it is unlikely to lie exactly in the space of trees. 

Standard methods used by biologists, such as the neighbor joining algorithm, compute a 

suitable projection of M onto Treesn. From a mathematical point of view, however, it is 

desirable to replace the concept of a tree by a higherdimensional object that faithfully 

represents the data. The tight span Bd(PM) is the universal object of this kind. It can be 
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computed using the software POLYMAKE.  Figure 2 shows the tight span of a metric on six 

taxa. This metric was derived from an alignment of DNA sequences of six bees. For details and 

an introduction to POLYMAKE we refer to [14]. We note that, for larger data sets, the tight 

span is often too big. This is where Theorem 1 enters the scene: what one does is remove the 

splits residue M′ from the data M. The remaining split-decomposable metric M1 + · · · + Mk 

can be computed efficiently with the software SPLITSTREE due to Huson and Bryant [15]. It is 

represented by a phylogenetic network. 

 Andreas Dress now serves as director of the Institute for Computational Biology in 

Shanghai (www.icb.ac.cn), a joint Chinese-German venture. He presented his theory at the 

November 2005 workshop at the Clay Mathematics Institute in Cambridge. In his invited 

lecture at the 1998 ICM in Z¨urich, Dress suggested that the “the tree of life is an affine 

building” [10]. Affine buildings are highly symmetric infinite simplicial complexes which play 

an important role in several areas of mathematics, including group theory, representation 

theory, topology and harmonic analysis. 

 The insight that phylogenetic trees, and possible higher-dimensional generalizations 

thereof, are intimately related to affine buildings is an important one. The author of this article 

agrees enthusiastically with Dress’ point of view, as it is consistent with recent advances at the 

interface of phylogenetics and tropical geometry. An interpretation of tree space as a 

Grassmannian in tropical algebraic geometry  

Figure 1. The space of phylogenetic trees on 

five taxa is a seven dimensional Polyhedral fan 

inside the ten-dimensional metric cone. It has the 

combinatorial structure of the Petersen graph, 

depicted here. The fan Trees5 consists of 15 maximal 

cones, one for each edge of the graph, which 

represent the trivalent trees. They meet along 10 six-

dimensional cones, one for each vertex of the graph. 

was given in [24]: Figure 1 really depicts a 

Grassmannian together with its tautological vector 

bundle. It is within this circle of ideas that the next 

theorem was found, three years ago, by Lior Pachter 

and Clay Research Fellow David Speyer [20]. 

 Let T be a phylogenetic tree with leaves labeled by [n] = {1, 2, . . . , n}, and with a non-

negative length associated to each edge of T . Then we define a real-valued function 
,T m  on 

the             m-element subsets I of [n] as follows: the number 
,T m  (I) is the sum of the lengths 

of all edges in the sub tree spanned by I. For m = 2 we recover the tree metric MT = 
,2T .  

We call  
,

[ ]
:T m

n

m


 
 

 
   the sub tree weight  function. 
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Theorem 2. (Pachter-Speyer Reconstruction from Subtree Weights [20]) 

 Suppose that 2 1.n m  Every phylogenetic tree on n taxa is uniquely determined by its 

subtree weight function. More precisely, ,T m  determines the tree metric ,2T . 

 The punchline of this theorem is a statistical one. The aim of replacing m = 2 by larger 

values of m is that ,T m   can be estimated from data in a more reliable manner. Practical 

advantages of this method were shown in [19]. 

Figure 2. The tight span of a six-point metric 

space derived from aligned DNA sequences of six 

species of bees. We thank Michael Joswig and 

Thilo Schr¨oder for drawing this diagram and 

allowing us to include it. See [14] for a detailed 

description. 

 Phylogenetics has spawned several different 

research directions in current mathematics, 

especially in combinatorics and probability. For 

more information, we recommend the book by 

Semple and Steel [23], and the special semester 

on Phylogenetics which will take place in Fall 2007 at the Newton Institute in Cambridge, 

England. 

 Algebraists, geometers and topologists may also enjoy a glimpse of phylogenetic algebraic 

geometry [13]. Here the idea is that statistical models of biological sequence evolution can be 

interpreted as algebraic varieties in spaces of tensors. This approach has led to a range of 

recent developments which are of interest to algebraists; see [1, 18, 25] and the references 

given there. As an illustration, we present a recent theorem due to Buczynska andWisniewski 

[5]. The abstract of their preprint leaves no doubt that this is an unusual paper as far as 

mathematical biology goes: “We investigate projective varieties which are geometric models of 

binary symmetric phylogenetic 3-valent trees. We prove that these varieties have Gorenstein 

terminal 

 Singularities (with small resolution) and they are Fano varieties of index 4....”. The 

varieties studied here are all embedded in the projective space 
12 1 2 2 2( ..... )

n

P P
        

whose coordinates xI are indexed by subsets I of {1, . . . , n} whose cardinality |I| is even. We fix 

a trivalent tree T whose leaves are labeled by 1, . . . , n. Each of the 2n − 3 edges e of the tree T 

is identified with a projective line P1 with homogeneous coordinates (ue : ve). For any even 

subset I of the leaves of T there exists a unique set Paths(I) of disjoint paths, consisting of 

edges of T , whose end points are the leaves in I. This observation gives rise to a birational 

morphism 
11 2 3 2 1: ( )

nnT P P
    defined by 

( ) ( ).I e paths I e e paths I ex u v    

 The closure of the image of T  is a projective toric variety which we denote by XT . 
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Theorem 3. (Buczynska-Wisniewski Flat Family of Trees [5])  

 All toric varieties XT are the same connected component of the Hilbert scheme of 

projective schemes, as T ranges over all combinatorial types of trivalent trees with n + 1 

leaves. Combinatorially, this means that the convex polytopes associated with these toric 

varieties all share the same Ehrhart polynomial (a formula for this Ehrhart polynomial is given 

in [5, §3.4]). 

 Earlier work with Seth Sullivant [25] had shown that the homogeneous prime ideal of XT 

has a Gr¨obner basis consisting of quadrics. These quadrics are the 2 × 2 minors of a collection 

of matrices, two for each edge e of T. After relabeling we may assume that the edge e separates 

the leaves 1, 2, . . . , i from the leaves i + 1, . . . , n. We construct two matrices e

evenM  and e

oddM  

each having 2i−1 rows and 2n−i−1 columns. The rows of e

evenM  are indexed by subsets 

{ 1,..., }I i n   with |I| even and the columns are indexed by subsets { 1,..., }J i n  with |J| 

even. The entry of e

evenM in row I and column J is the unknown 
I Jx 

 . The matrix  e

oddM is 

defined similarly. Our Gr¨obner basis for the toric variety XT consists of the 2 × 2 minors of the 

matrices e

evenM  and  e

oddM where e runs over all 2n − 3 edges of the tree T . In light of 

Theorem 3, it would be interesting to decide whether all the XT lie on the same irreducible 

component of the Hilbert scheme, and, if yes, to explore possible connections between the 

generic point on that component to the quadratic equations derived by Keel and Tevelev [17] 

for the moduli space 0,nM . 

 The toric variety XT is known to evolutionary biologists as the Jukes-Cantor model. For 

some applications, it is more natural to study the general Markov model. This is a non-toric 

projective variety in tensor product space which generalizes secant varieties of Segre varieties 

[18]. The state of the art on the algebraic geometry of these models appears in the work of 

Elizabeth Allman and John Rhodes [1]. For our last theorem, we leave the field of 

phylogenetics and turn to mathematical developments inspired by other problems in 

biological sequence analysis. These problems include gene prediction, which seeks to identify 

genes inside genomes, and alignment, which aims to find the biological relationships between 

two genomes. See [22, §4] for an introduction aimed at mathematicians. Current algorithms 

for ab initio gene prediction and alignment are based on methods from statistical learning 

theory, and they involve hidden Markov models and more general graphical models. From the 

perspective of algebraic statistics [21], a graphical model is a highly structured polynomial 

map from a low-dimensional space of parameters to a tensor product space, like the P2n-1−1 we 

encountered in Theorem 3. It is from this algebraic representation of graphical models that the 

following theorem was derived 

 
Theorem 4. (Elizalde-Woods’ Few Inference Functions) [11, 12])  
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 Consider a graphical model G with d parameters, where d is fixed, and let E be the number 

of edges of G. Then the number of inference functions of the model is at most O(Ed(d-1)). 

We need to explain what an inference function is and what this theorem means. A graphical 

model is given by a polynomial map : d Np   where d is fixed and each coordinate pi is a 

polynomial of degree O(E) in d unknown parameters. 

 The polynomial pi represents the probability of making the i-th observation #i, out of a 

total of N possible observations. The number N is allowed to grow, and in biological 

applications it can be very large, for instance N =41,000,000, the number of DNA sequences 

with one million base pairs. The monomials in pi correspond to the possible explanations of 

this observation, where the monomial of largest numerical value will be the most likely 

explanation. Let Exp be the set of all possible explanations for all the N observations. For a  

fixed generic choice of parameters d  , we obtain a well-defined function 

:{1,2,.... }N Exp  which assigns to each observation its most likely explanation. Any such 

function,   ranges over (a suitable open subset of) d  is called an inference function for the 

model f. The number |Exp|N of all conceivable functions is astronomical. The result by Elizalde 

andWoods says that only a tiny, tiny fraction of all these functions are actual inference 

functions. The polynomial growth rate in Theorem 4 makes it feasible, at least in principle, to 

pre-compute all such inference functions ahead of time, once per graphical model. This is 

important for parametric inference. Two recent examples of concrete bio-medical applications 

of parametric inference can be found in [3] and [7]. One way you can tell a biology paper from 

mathematics paper is that the order of the authors’ names has a meaning and is thus rarely 

alphabetic. 

 
Conclusion 

 This concludes my discussion of four recent theorems that were inspired by biology.     All 

four stem from my own limited field of expertise, and hence the selection has been very 

biased. A feature that Theorems 1, 2, 3 and 4 have in common is that they are meaningful as 

statements of pure mathematics. I must sincerely apologize to my colleagues in mathematical 

biology for having failed to give proper credit to their many many important research 

contributions. My only excuse is the hope that they will agree with my view that the answer to 

the question in the title is affirmative. 
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Abstract 

 The purpose of the paper is to investigate the global existence of solutions to initial value problems for nonlinear 
fractional differential equations on the semi-axis. More precisely, it deals with the initial value problem. This problem is 
solved here by constructing a special locally convex space which is metrizable and complete. Then Schauder‟s fixed point 
theorem enables to provide sufficient conditions on f, ensuring that the initial value problem possesses at least one 
solution.  

Keywords:  locally convex space, Schauder‟s fixed point theorem.  
 

Introduction 

 The motivation behind this extension to the differential operator is that the semi group of 

powers
D will form a continuous semi group with parameter inside which the original 

discrete semi group of Dn for integer n can be recovered as a subgroup. Continuous semi 

groups are prevalent in mathematics, and have an interesting theory. Notice here that fraction 

is then a misnomer for the exponent ‘ ’. Since it need not be rational, that use of the term 

fractional calculus is merely conventional.An important point is that the fractional derivative 

at a point x is a local property only when ‘ ’ is an integer, in non – integer cases we cannot 

say that the fractional derivative at x of a function f depends only on values of f very near x, in 

the way that integer power derivatives certainly do.  Therefore it is expected that the theory 

involves some sort of boundary conditions, involving information on the function further out.  

Initial and boundary value problems for nonlinear fractional differential equations arise 

from the study of models of vis-coelasticity, electrochemistry, control, porous media, 

electromagnetic, etc. In [21,22], the authors considered the existence of solutions of the 

following initial value problems: 

D  X(t) – f(t, D X(t), ,01  t   )1.1(   

,

)( )0( k

kx      1,...,1,0  mk   )2.1(  

where ),1,,(1,1 nmNnmnnmm    D are the  -th Caputo 

fractional derivatives and ).]1,0([ RCf   
 In the obtained results in [21], for the existence, the nonlinear term f needs to satisfy the 

following three conditions: 

 RR  [0,1] :  )(H1 f is a continuously differentiable function;  

0)0,0()( 2 fH  and 0)0,( tf  on a compact interval of (0,1]; 

 (H3) there exists function p, )),0[],1,0([ Cr with 
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)),(11( Nmnmmnn      )4.1(  

such that for each ,Ru  

),()(),( trutputf  ,01  t  

 And for the uniqueness, the nonlinear term f needs to satisfy (H1), (H2) and the following 

condition: 

 (H4) there exists a function )),0[],1,0([ Cp  with (1.3) or (1.4) such that for any 

,, Rvu   

,),(),( vuvtfutf        .01  t  

 In the obtained existence and unique results in [22], the nonlinear term f needs to satisfy 

(H1), (H2) and the following conditions (H5). 

 (H5) there exists a function )),0[],1,0[ Cp  with (1.3) or (1.4) such that for any 

Ryx ,  with Ryx , where       

))(1()0,()(sup
)(

1

0

1

]1,0[

NnnndssfstR
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,)(),(),( yxtpytfxtf       .01  t  

For the similar discussion, see [23, 24]. 

 The conditions: (1.3) and (1.4) are so strong that by using these results, we cannot discuss 

the existence and uniqueness of solutions of the following simple problems. 

 
Example 1.1. 

      Consider the problem 

),(10010)( 4
1

4
3

txDttxD    ,01  t                    )5.1(  

.
4

1
)0( x

                                    )6.1(   
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Theorem 1.1. 

 Let ).(1 Nnnn   Assume that (H1), (H2) and the following condition 

(H6) hold. 

 (H6) there exist 0, ba  such that for any )).,0([ Cx  

 
btxatxtf  )())(,(   for    1 ≥ 𝑡 ≥ 0   

Then (1.1) – (1.2) has at least one Solution. 

Theorem 1.2. 

 Let ).,(11 Nmnmmnn     Assume that (H1), (H2) and (H6) are 

satisfied. Then (1.1) – (1.2) has at least one Solution. 

Theorem 1.3. 

 Let ).(1 Nnnn     Assume that (H1), (H2) and the following condition (H7) 

hold. 

 (H7) there exist 𝐿 > 0 such that for any )),,0([, Cyx  

)()())(,())(,( tytxLtytftxtf     for  .01  t  

Then (1.1) – (1.2) has a unique solution. 

Theorem 1.4. 

 Let ).,(11 Nmnmmnn    Assume that (H1), (H2) and (H7) are 

satisfied. Then (1.1) – (1.2) has a unique Solution. 

Remark 1.1. 

 In the conditions of Theorems 1.1 - 1.4.  the conditions (1.3) and (1.4) are not contained. It 

is obvious that if Theorems 1.3 and 1.4 hold, then the problems (1.5)– (1.6) and (1.7) – (1.8) 

have a unique solution, respectively. Our work is motivated by the work of [21, 22]. 

 
Basic Definitions 

Definition 2.1. 

 Let N be a real (or complex) linear space and let  be a function from N into R such that 

for all Nyx , and all R , we have  

i) 0x  

ii) 
 

0x
  

0 x  

iii) yxyx   

iv)  x x  

    Then the function 
 
is called a norm on N and the pair (N,

 
) is called a real normed 

linear space. 
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Definition 2.5. 

 Let L be a linear space real or complex. A non-empty subset S of L is said to be convex if 

,)1(, SyxSyx   where α is a real number such that .10   
Definition 2.10.(Arzela-Ascoli Theorem) 

 If  F is a bounded equicontinuous subset of the metric space C[a,b] then  F is totally 

bounded. 

 
Preliminaries 

Definition 3.1 ([2,21]).  

 The Fractional integral of order  for a function ),0[),0[ 1  locLCx  is defined as 
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where mm  1  and .Nm  
Definition 3.2 ([12]).  

 The  - th Caputo derivative of x  is defined as 
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 ]1,0[mCu  is called a solution of (1.1) – (1.2) if it satisfies (1.1) and (1.2). 

Lemma 3.1 ([21]).  

 Let nnNn  1,  and assume that (H1) and (H2) hold. Then, ]1,0[nCu  is 
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Lemma 3.3 (The Schauder fixed Point Theorem).  

 Let X be a normed linear space, XX 0 be a convex closed set and 00: XXT   be a 

completely continuous mapping. Then the mapping T has a fixed point in X0. 

 
The Existence of Continuously Differentiable Solutions 

Proof of Theorem 1.1.  

 Let X be the Banach space consisting of all functions ]1,0[Cx with 

the norm 
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 Define a bounded, convex and closed subset B of X and the operator T as follows: 
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Now we divide the proof into three steps. 
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 From (H1), it is easy to see that for any 0 , there exists 0  such that 

,)1())(,())(,(sup 





tytftxtf
yx

 Byxt  ,],1,0[  



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 244     K.S.R. College of Arts and Science for Women 

Which yields that for any Byx , with  yx
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i.e., the mapping T is continuous. 
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Which yields the equicontinuity for the case 21 tt  . 

Similarly, We may prove the equicontinuity for the case 21 tt  . 

 As a consequence of steps 1-3, together with the Arzela – Ascoli Theorem, we can conclude 

that BBT : is completely continuous. Hence from lemmas 3.1 and 3.3, it is easy to see 

that in B, T has at least one fixed point. The proof is completed. 

 
Proof of Theorem 1.2 
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Now we divide the proof into three steps. 
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From (4.5) – (4.7) and similar to (4.4), we have that for each ,Bx  
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Which yields the equicontinuity for the case 21 tt  . 
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Similarly we may prove the equicontinuity for the case 21 tt   

 As a consequence of Steps 1- 3, together with the Arzela-Ascoli theorem, we can conclude 

that .: BBT  is completely continuous. Hence from lemmas 3.2 and 3.3, it is easy to see that 

in B, T has at least one fixed point. The proof is completed. 

 
The Uniqueness 

Proof of theorem 1.3(see [22-25]).  
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and from (H7), it is easy to see that (H6) holds. So from Theorem 1.1, it is easy to see that (1.1) 

– (1.2) has at least one solution.  

Assume that (1.1) – (1.2) has two solutions: x and y and 
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 Which, together with 5.4, yields that the proof is completed. Similar to theorem 1.3, we can 

prove that Theorem 1.4 holds. 
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Abstract  

 In this paper we study some generalized properties of Intuitionistic L-fuzzy subrings. The concept of image and inverse 
image of an Intuitionistic L-fuzzy set under ring homomorphism are discussed.  Further the concept of Intuitionistic L-fuzzy 
of t-Q-intuitionistic L-fuzzy sub rings (normal sub rings and ideals) are defined and the homomorphic behavior of  
t - Q – intuitionistic L-fuzzy sub rings (normal sub rings and ideals) and inverse images has been obtained.  

Keywords:  t-Q-intuitionistic L-fuzzy subset, t-Q-intuitionistic L-fuzzy sub rings. 
 

Introduction  

 The theory of Intuitionistic fuzzy sets plays an important role in modern mathematics. The 

idea of Intuitionistic L-fuzzy set (ILFS) was introduced by Atanassov (1986) as a 

generalisation of Zadeh’s (1965) fuzzy sets. Along with some basic results, we introduce and 

study Intuitionistic fuzzy quotient subrings and Intuitionistic fuzzy ideal of an Intuitionistic 

fuzzy subring of a ring. Further we define homomorphism and isomorphism of Intuitionistic 

fuzzy subrings of any two rings. Using this we establish the fundamental theorem of ring 

homomorphism. In this paper, we introduce the notion of t-Q-intuitionistic L-fuzzy subset and 

then define t-Q-intuitionistic L-fuzzy subrings (normal sub rings and ideals) of a ring R and 

establish some new results. 

 
Preliminary 

 In this section we list some basic concepts and well known results of Homomorphism in 

Intuitionistic L-fuzzy sets , Intuitionistic L-fuzzy subrings and Intuitionistic L-fuzzy ideals. 

Definition 2.1. 

 Let X be a non-empty set. A L-fuzzy set µ of X is a function µ : X → L . 

Definition 2.2. 

 Let X be a non empty set, and L = (L, ≤) be a lattice with least element 0, and greatest 

element 1 and Q be a non empty set. A Q-L-fuzzy subset µ of X is a function µ : X × Q →  

Definition 2.3.  

 Let L = (L, ≤) be a complete lattice with an evaluative order reversing operation N : L → L 

and Q be a non empty set. A Q intuitionistic L-fuzzy subset (QILFS) µ in X is defined as an 

object of the form 

 µ = {< (x, q), λµ(x, q), δµ(x, q) >; x ∈ X and q ∈ Q}  where  λµ: X × Q → L and δµ: X × Q → L 

define the degree of member ship, and the degree of non member ship of the element x ∈ X, 

respectively, and for every x ∈ X and q ∈ Q satisfying λµ(x, q) ≤ N (δµ(x, q)). 
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Definition 2.4. 

 Let R be a ring. AQ-intuitionistic L-fuzzy subset µ of R is said to be a Q-intuitionistic L-fuzzy 

sub ring (QILFSR) of R if it satisfies the following axioms:  

1. λµ(x − y, q)  ≥  min{λµ(x, q), λµ(y, q)}; 

2. λµ(xy, q)  ≥  min{λµ(x, q), λµ(y, q)}; 

3. δµ(x − y, q)  ≤  max{δµ(x, q), δµ(y, q)}; 

4. δµ(xy, q)  ≤  max{δµ(x, q), δµ(y, q)}. 

Definition 2.5. 

 Let R be a ring. AQ-intuitionistic L-fuzzy sub ring µ of R is said to be a Q-intuitionistic  

L-fuzzy normal sub ring (QILFNSR) of R if it satisfies: 

 1. λµ(xy, q) = λµ(yx, q); 

 2. δµ(xy, q) = δµ(yx, q); 

 For all x, y ∈ R and q ∈ Q. 

Theorem 2.6. 

  If µ is QILFNSR of a ring R ,  then µ is also  tQILFNSR of a ring R. 

Proof. 

  Let x, y ∈ R be any elements, then 

 λµt (xy, q) = min{λµ(xy, q), t} = min{λµ(yx, q), t} = λµt (yx, q). 

 Similarly 

 δµt (xy, q) = max{δµ(xy, q), 1 − t} = max{δµ(yx, q), 1 − t} = δµt (yx, q). 

 Therefore µ is also tQILFNSR of R. 

Correspondence Theorem for Intuitionistic L-Fuzzy Ideals 

 Here we define the image and inverse image of ILFS under ring homomorphism and study 

their elementary properties. Using this, Correspondence Theorem for ILFI is established. This 

section also provides a definition for an Intuitionistic L-fuzzy quotient subring of an ILFSR 

relative to an ordinary ideal of a ring. 

Definition 2.7. 

 Let f : R → S be a ring homomorphism. 

 Let A = {<x, µA(x), νA(x)>/x ∈ R} and B = {<x, µB(x), νB(x)>/x ∈ S } be ILFS. 

 Then C = {<y, f (µA)(y), f (νA)(y)>/y ∈ S } is called Intuitionistic Image of A , where f (µA)(y) 

=  ∨{µA(x)/x ∈ R, f (x) = y} if f−1(y)   ∅ 

0 otherwise   

f (νA)(y) =   {νA(x)/x ∈ R, f (x) = y} if f−1(y)   ∅ 

0 otherwise  
 for all y ∈ S ; 

 and  D = {<x, f−1(µB)(x), f−1(νB)(x)>/x ∈ R} is called Intuitionistic Inverse 

 Image of B ,  where  

 f−1(µB)(x) = µB(f (x)) 

 f−1(νB)(x) = νB(f (x)) 

 for all x ∈ R.  



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 250     K.S.R. College of Arts and Science for Women 

Theorem 2.7. 

 Let f : R → S be a ring homomorphism.  

 Let A = {<x, µA(x), νA(x)>/x ∈ R} and B = {<x, µB(x), νB(x)>/x ∈ S }  be ILFI of R and S . Then 

1. D = {<x, f−1(µB)(x), f−1(νB)(x)>/x ∈ R} is an ILFI of R which is a constant on Ker f ; 

2. f−1(νB) = (f−1(νB)); 

3. If f is onto then (f ◦ f−1)(νB) = νB; 

4. If νAis constant on Ker f , then (f−1◦ f )(νA) = νA. 

Proof. 

(i) Let x, y ∈ R. Then f−1(νB)(x − y) = νB(f (x − y)) 

 = νB(f (x) − f (y)) 

 ≤ νB(f (x)) ∨ νB(f (y)) 

 = f−1(νB)(x) ∨ f−1(νB)(y) 

   and f−1(νB)(xy) = νB(f (xy)) 

 = νB(f (x)f (y)) 

 ≤ νB(f (x)) ∧ νB(f (y)) 

 = f−1(νB)(x) ∧ f−1(νB)(y). 

 Hence D is an ILFI of R. 

 Let x ∈ Ker f . Then 

 f−1(νB)(x) = νB(f (x)) 

 = νB(f (0)) 

 = νB(0’). 

 Hence f−1(νB) is constant on Ker f . 

 (ii) Let x ∈ R. Then 

 x ∈ f−1(νB) ⇔ νB(f (x)) > νB(0’) = νBf (0)) 

 ⇔ f−1(νB)(x) > f−1(νB)(0) 

 ⇔ x ∈ (f−1(νB)). 

 Hence    f−1(νB)= (f−1(νB)). 

 (iii) Let y ∈ S . Then y = f (x) for some x ∈ R, so that 

      (f ◦ f−1)(νB)(y) = f (f−1(νB))(y) 

 = f (f−1(νB))(f (x)) 

 = f−1(νB)(x) 

 = νB(f (x)) 

 = νB(y). 

 (iv) Let x ∈ R. Then 

 (f−1◦ f )(νA)(x) = f−1(f (νA))(x) 

 = f (νA)(f (x)) 

 = νA(x). 

 Hence (f−1◦ f )(νA) = νA. 
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Theorem 2.8. (Correspondence Theorem for ILFI)  

 Let f : R → S be a ring epimorphism. Then there is a one-to-one order preserving 

correspondence between ILFI of S and the ILFI of R, which are constant on Ker f . 

Proof.  

 Let F (R) denote the set of ILFI of R which are constant on Ker f and F (S ) denote the set of 

ILFI of S . Define Φ : F (R) → F (S ) by Φ(A) = f (A), for all A ∈ F (R) and Ψ : F (S ) → F (R) by 

Ψ(B) = f−1(B) for all B ∈ F (S ).  

 Then Φ and Ψ are well-defined and are inverses of each other, thus giving  the one to one 

correspondence. It can easily be verified that this correspondence preserves the order too. 
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Abstract 

Total Quality Management (TQM) is an approach that seeks to improve quality and performance which will meet or 
exceed customer expectations. TQM looks at the overall quality measures used by a company including managing quality 
design and development, quality control and maintenance, quality improvement, and quality assurance. Statistical 
thinking and their potential for impact on inherent changes are still not well understood. As a result, statistical thinking is 
not effectively utilized. In this paper, we explore TQM and statistical application focus on achieving inherent changes in the 
ways we approach product, process. 
 

Introduction  
 TQM focuses on customer-driven quality standards, managerial leadership, continuous 

improvement, quality built into product and process design, quality-identified problems at the 

Source, and quality made everyone’s responsibility. However, talking about solving quality 

problems is not enough. We need specific tools that can help us make the right quality 

decisions. These tools come from the area of statistics and are used to help identify quality 

problems in the production process as well as in the product itself 

 
TQM 

 Total - made up of the whole 

 Quality - degree of excellence a product or service provides 

 Management - act, art or manner of planning, controlling, directing, 

 
Quality 

 The quality depends on the role of the people defining it. Most consumers have a difficult 

time defining quality, but they know it when they see it. For example, although you probably 

have an opinion as to which manufacturer of athletic shoes provides the highest quality; it 

would probably be difficult for you to define your quality standard in precise terms. Also, your 

friends may have different Opinions regarding which athletic shoes are of highest quality. The 

difficulty in defining quality exists regardless of product, and this is true for both 

manufacturing and service organizations. Further complicating the issue is that the meaning of 

quality has changed over time. Today, there is no single universal definition of quality. Some 

people view quality as” performance to standards.” Others view it as “meeting the customer’s 

needs” or “satisfying the customer.”  

 
The Evaluation of Total Quality Management (TQM) 

 The concept of quality has existed for many years, though it’s meaning has changed and 

evolved over time. In the early twentieth century, quality management meant inspecting 
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products to ensure that they met specifications. In the 1940s, during World War II, quality 

became more statistical in nature. Statistical sampling techniques were used to evaluate 

quality, and quality control charts were used to monitor the production process. In the 1960s, 

with the help of so-called “quality gurus,” the concept took on a broader meaning. Quality 

began to be viewed as something that encompassed the entire organization, not only the 

production process. Since all functions were Responsible for product quality and all shared the 

costs of poor quality, quality was seen as a concept that affected the entire organization. The 

meaning of quality for businesses changed dramatically in the late 1970s. Before then quality 

was still viewed as something that needed to be inspected and corrected. However, in the 

1970s and 1980s many U.S. industries lost market share to foreign competition. In the auto 

industry, manufacturers such as Toyota and Honda became major players. In the consumer 

goods market, companies such as Toshiba and Sony led the way. These foreign competitors 

were producing lower-priced products with considerably higher quality 

 
Statistical Tool Applying and Control the Variability of the Product 

 Statistica1 quality control (SQC) is the term used to describe the set of statistical tools used 

by quality professionals. Statistical quality control can be divided into three broad categories: 

1.  Descriptive statistics  

is used to describe quality characteristics and relationships. Included are statistics such as 

the mean, standard deviation, the range, and a measure of the distribution of data. 

2. Statistical process control (SPC) 

 involves inspecting a random sample of the output from a process and deciding whether 

the process is producing products with characteristics that fall within a predetermined 

range. SPC answers the question of whether the process is functioning properly or not. 

3. Acceptance sampling 

 is the process of randomly inspecting a sample of goods and deciding whether to accept 

the entire lot based on the results. Acceptance sampling determines whether a batch of 

goods should be accepted or rejected 

 All three of these statistical quality control categories are helpful in measuring and 

evaluating the quality of products or services. However, statistical process control (SPC) tools 

are used most frequently because they identify quality problems during the production 

process. For this reason, we will devote most of the chapter to this category of tools. The 

quality control tools we will be learning about do not only measure the value of a quality 

characteristic. They also help us identify a change orVariation in some quality characteristic of 

the product or process. We will first see what types of variation we can observe when 

measuring quality. Then we will be able to identify specific tools used for measuring this 

variation 

Chance causes and assignable causes  

 Identify a change or Variation in some quality characteristic of the product or process. We 

will first see what types of variation we can observe when measuring quality. Then we will be 
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able to identify specific tools used for measuring this variation. The two types of variation 

chance causes and assignable cause’s .No two products are exactly alike because of slight 

differences in materials, workers, machines, tools, and other factors. These are called chance 

cause, or random, causes of variation. Common causes of variation are based on random 

causes that we cannot identify. These types of variation are unavoidable and are due to slight 

differences in processing. 

 The second type of variation that can be observed involves variations where the causes 

can be precisely identified and eliminated. These are called assignable causes of variation. 

Examples of this type of variation are poor quality in raw materials, an employee who needs 

more training, or a machine in need of repair. This would be an assignable cause of variation.  

 
Control chart   

 Using control chart Find the variation of the product from the specification limit . We then 

produce line charts of the variability in those samples, and consider their closeness to target 

specifications. If a trend emerges in those lines, or if samples fall outside pre-specified limits, 

then we declare the process to be out of control and take action to find the cause of the 

problem. These types of charts are sometimes also referred to as Shewhart control charts  

 The control charts are often classified according to the type of quality characteristic that 

they are supposed to monitor: there are quality control charts for variables and control charts 

for attributes. Specifically, the following charts are commonly constructed for controlling 

variables: 

 
Interpreting the Chart 

 The most standard display actually contains two charts (and two histograms); one is called 

an X-bar chart, the other is called an R chart. 

 In both line charts, the horizontal axis 

represents the different samples; the vertical axis 

for the X-bar chart represents the means for the 

characteristic of interest; the vertical axis for the R 

chart represents the ranges. For example, suppose 

we wanted to control the diameter of piston rings 

that we are producing. The center line in the X-bar 

chart would represent the desired standard size 

(e.g., diameter in millimeters) of the rings, while 

the center line in the R chart would represent the 

acceptable (within-specification) range of the rings within samples; thus, this latter chart is a 

chart of the variability of the process (the larger the variability, the larger the range). In 

addition to the center line, a typical chart includes two additional horizontal lines to represent 

the upper and lower control limits (UCL, LCL, respectively); we will return to those lines 

shortly.  
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 X-bar chart. In this chart the sample means are plotted in order to control the mean value 

of a variable (e.g., size of piston rings, strength of materials, etc.).  

 R chart. In this chart, the sample ranges are plotted in order to control the variability of a 

variable.  

 S chart. In this chart, the sample standard deviations are plotted in order to control the 

variability of a variable.  

For controlling quality characteristics that represent attributes of the product, the    

following charts are commonly constructed: 

 C chart. In this chart (see example below), we plot the number of defectives (per batch, 

per day, per machine, per 100 feet of pipe, etc.). This chart assumes that defects of the 

quality attribute are rare, and the control limits in this chart are computed based on the 

Poisson distribution (distribution of rare events).  

U chart. In this chart we plot the rate of 

defectives, that is, the number of defectives 

divided by the number of units inspected 

(the n; e.g., feet of pipe, number of batches). 

Unlike the C chart, this chart does not require 

a constant number of units, and it can be 

used, for example, when the batches 

(samples) are of different sizes. 

 P chart. In this chart, we plot the percent of defectives (per batch, per day, per machine, 

etc.) as in the U chart. However, the control limits in this chart are not based on the 

distribution of rare events but rather on the binomial distribution (of proportions). 

Therefore, this chart is most applicable to situations where the occurrence of defectives is 

not rare (e.g., we expect the percent of defectives to be more than 5% of the total number 

of units produced 

 
Control Charts for Variables vs. Charts for Attributes 

 Sometimes, the quality control engineer has a choice between variable control charts and 

attributes control charts. 

 
Advantages of attribute control charts 

 Attribute control charts have the advantage of allowing for quick summaries of various 

aspects of the quality of a product, that is, the engineer may simply classify products as 

acceptable or unacceptable, based on various quality criteria. Thus, attribute charts sometimes 

bypass the need for expensive, precise devices and time-consuming measurement procedures. 

Also, this type of chart tends to be more easily understood by managers unfamiliar with 

quality control procedures; therefore, it may provide more persuasive (to management) 

evidence of quality problems. 
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Advantages of variable control charts 

 Variable control charts are more sensitive than attribute control charts . Therefore, 

variable control charts may alert us to quality problems before any actual "unacceptable" (as 

detected by the attribute chart) will occur. Montgomery (1985) calls the variable control 

charts leading indicators of trouble that will sound an alarm before the number of rejects 

(scrap) increases in the production process. 

 
Control Chart for Individual Observations 

 Variable control charts can by constructed for individual observations taken from the 

production line, rather than samples of observations. This is sometimes necessary when 

testing samples of multiple observations would be too expensive, inconvenient, or impossible. 

For example, the number of customer complaints or product returns may only be available on 

a monthly basis; yet, you want to chart those numbers to detect quality problems. Another 

common application of these charts occurs in cases when automated testing devices inspect 

every single unit that is produced. In that case, you are often primarily interested in detecting 

small shifts in the product quality (for example, gradual deterioration of quality due to 

machine wears). The CUSUM, MA, and EWMA charts of cumulative sums and weighted 

averages discussed below may be most applicable in those situations.  

 
Operating Characteristic (OC) Curves 

 A common supplementary plot to standard quality control charts is the so-called operating 

characteristic or OC curve (see example below). One question that comes to mind when using 

standard variable or attribute charts is how sensitive is the current quality control procedure? 

Put in more specific terms, how likely is it that you will not find a sample (e.g., mean in an X-

bar chart) outside the control limits (i.e., accept the production process as "in control"), when, 

in fact, it has shifted by a certain amount? This probability is usually referred to as the (beta) 

error probability, that is, the probability of erroneously accepting a process (mean, mean 

proportion, mean rate defectives, etc.) as being "in control." Note that operating characteristic 

curves pertain to the false-acceptance probability using the sample-outside-of- control-limits 

criterion only, and not the runs tests described earlier. 

 Operating characteristic curves are 

extremely useful for exploring the 

power of our quality control procedure. 

The actual decision concerning sample 

sizes should depend not only on the cost 

of implementing the plan (e.g., cost per 

item sampled), but also on the costs 

resulting from not detecting quality 

problems. The OC curve allows the 

engineer to estimate the probabilities of not detecting shifts of certain sizes in the production 
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quality. These are statistical tool applying and improve the quality level. After control quality 

level then only customer expectation of the product is TQM.  

 
Conclusion  

 Total quality management as a concept is powerful way to approach creation, 

improvements, and maintains of system achieve  desired levels of performance the statistical  

quality control in playing role in actualizing the power of TQM.  
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Abstract 

The role of mathematical methods and algorithms in bioinformatics has been growing tremendously. The complexities 
of biological structures, patterns, and processes can be described by mathematical analysis. Mathematics reveals the 
patterns, connections and relationships quantitatively that lead to significant discoveries in biological science. 
Computational geometry is the study of efficient algorithms to solve geometric problems and it serves as a tool for 
exploring the topology and architecture of macromolecules. Proteins are responsible for various physiological functions 
such as functioning as catalysts, transporting and storing other molecules. They provide mechanical support, generate 
movement and most importantly, they control growth and differentiation. Proteins are linear polymers and they are 
constructed using amino acids. In this article, the role of geometry and topology in analyzing the structures of proteins for 
obtaining three dimensional models of all proteins by an optimized combination of experimental structure solution and 
computer based structure prediction is investigated. 

 
Introduction  

Among the 26 billion base pairs representing the various genomes available in the server 

of National Center for Biotechnology Information(NCBI), the largest known gene has about 20 

million base pairs and the largest protein consists of about 34, 000 amino acids. But, the 

Protein Database (PDB) has a catalogue of only 45,000 proteins specified by their 3D structure 

[1]. Bioinformatics and computational biology are used to exploit the use of computation to 

comprehend biological phenomena and to acquire biological data [2]. Mathematical analysis of 

structures of molecular systems is important for bioinformatics and biomathematics. Cohen 

[3] insisted the use of methods from bioinformatics and computational biology to supplement 

traditional laboratory as well as observation based biology.  

The article aims at drawing a closer connection as well as better integration between 

mathematical methods and biological codes, sequences and structures. It also explores some of 

the development and opportunities at the interface between mathematics and bio informatics 

by stimulating the use of mathematical techniques to provide insights available for the rapidly 

evolving field, bioinformatics. It focuses on the resources and techniques available in 

computational geometry and topology for protein structure prediction in specific. 

 
Challenges and Opportunities 

The interface between mathematics and bioinformatics presents challenges and 

opportunities for both mathematicians and biologists. Huge opportunities have emerged for 

this inter disciplinary research within the last 10 to 20 years, because of the explosion of 

biological data with the advent of new technologies and availability of advanced and powerful 

computer systems that can organize the plethora of data [4]. The important objective of 

encouraging mathematicians and biologists to work together is to investigate fundamental 
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problems that cannot only be approached by mathematicians or by biologists. For 

mathematics, the potential is great in applied areas such as statistics, differential equations, 

geometry and topology. 

 
Computational Geometry 

Computational geometry emerged from the field of algorithms design and analysis which 

can be stated in terms of geometry. Recently, the connections and interactions between 

molecular modeling and computational geometry have been growing. Many problems in 

molecular modeling can be solved geometrically in terms of arrangements of spheres in three 

dimensions. Problems include computing properties of such arrangements, such as their 

volume and topology, testing intersections and collisions between molecules, finding offset 

surfaces, data structures for performing molecular dynamics simulations, and computer 

graphic algorithms for rendering molecular models accurately. Computational geometry can 

also be utilized as a tool for studying topology and architecture of macromolecules and 

macromolecular complexes [5]. Here, some of the common terms and algorithmic problems in 

computational geometry which are useful in analyzing protein structure are introduced. 

 
Polygon  

A polygon is a collection of line segments that form a cycle which do not cross each other. 

A polygon can be represented as a sequence of points, for example, the points  (0,0), (0,1), 

(1,1), (1,0) form a square. The line segments of the polygon connect adjacent points in the list, 

together with one additional segment connecting the first and last points. A polygen in which 

no two segments cross is called simple polygon. In a polygen, if any two points inside it can be 

connected by a line segment that does not cross the polygons, then it is called as convex 

polygon [6]. 

 
Convex Hull 

A convex hull is the smallest convex polygon containing a collection of points.  The convex 

hull of a set of points S in n dimensions is the intersection of all convex sets containing S. The 

most fundamental problem in computational geometry is finding the convex hull of a set of 

points. The hull easily captures a rough idea of the shape or extent of a data set. Convex hull 

also serves as a first preprocessing step to many geometric algorithms such as finding the 

diameter of a set of points, where the diameter will always be the distance between two points 

on the convex hull. The convex hull representation has recently been used for supervised 

classification of protein structures [7]. 

 
Triangulation  

Triangulation is the division of a surface or plane polygon into a set of triangles, with the 

restriction that each triangle side is shared entirely by two adjacent triangles. Triangulation is 

the first step in working with complicated geometric objects is to break them into simple 

geometric objects. The simplest geometric objects are triangles in two dimensions, and 
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tetrahedra in three dimensions. In a recent work [8], triangulation is applied to computation of 

a molecular surface which is useful for the computation of area and volume of a protein. 

 
Voronoi Diagram  

Voronoi diagrams represent the region of influence around each of a given set of sites. 

Given a set S of points  𝑝1,………., 𝑝𝑛  , Voronoi diagrams decompose the space into regions around 

each point, such that all the points in the region around 𝑝𝑖  are closer to 𝑝𝑖  than to any other 

point in S. In [9],Voronoi diagrams is used to compute molecular surfaces on proteins. 

 
Nearest - Neighbor Search  

Nearest - neighbor search or similarity search is a search which quickly finds the nearest 

neighbor of a query point; that is, given a set S of n points in d dimensions and a query point q, 

which point in S is closest to q?  The nearest - neighbor search has been used to approximate 

the protein structure [10]. 

 
Shape Similarity  

Shape similarity is a problem, for example, given two polygonal shapes, 𝑃1 and 𝑃2 , how 

similar are 𝑃1 and 𝑃2?  For example, in optical character recognition system, there is a known 

library of shape models representing letters and the unknown shapes.  The unknown shape is 

identified by matching it to the most similar shape model. The shape similarity measures are 

used in protein structure comparison and prediction [11]. 

 
Topology 

Topology is a branch of mathematics. It is defined as the study of qualitative properties of 

certain objects (topological spaces) that are invariant under certain types of transformations 

(continuous maps), especially those properties that are invariant under a certain type of 

equivalence (homeomorphism ).  

The mathematical definition of topology is described as [12]: 

Let X be any set and let T be a family of subsets of X. Then T is a topology on X if: 

• Both the empty set and X are elements of T. 

• Any union of arbitrarily many elements of T is an element of T. 

• Any intersection of finitely many elements of T is an element of T. 

If T is a topology on X, then X together with T is called a topological space. All sets in T are 

called open and not all subsets of X need be in T. A subset of X is said to be closed if its 

complement is in T (open). A subset of X may be open, closed, both, or neither. A function or 

map from one topological space to another is called continuous if the inverse image of any 

open set is open. If the function maps the real numbers to the real numbers, this definition of 

continuous is equivalent to the definition of continuous in calculus. If a continuous function is 

one-to-one and onto and if the inverse of the function is also continuous, the function is called 

a homeomorphism. If two spaces are homeomorphic, they have identical topological 
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properties and are considered to be topologically the same. Recently, DNA topology and 

protein topology are the emerging research areas where mathematical topology is useful. 

 
Mathematical Space  

A Mathematical space is an informal term for any of many different types of sets with 

added structure. Mathematical spaces often form a hierarchy where one space may inherit all 

the characteristics of a parent space. For example, all inner product spaces are also normed 

vector spaces, all normed vector spaces are also metric spaces, and all metric spaces are 

topological spaces, because the inner product induces a norm on the inner product space 

such that  𝑥 =  < 𝑥, 𝑥 >  and so on. 

 
Mathematical Optimization  

In mathematics programming, an optimization problem is a problem of finding the best 

solution from all feasible solutions. More formally, an optimization problem has the general 

form 

min𝑥∈𝑆 𝑓 𝑥   𝑜𝑟  max𝑥∈𝑆 𝑓(𝑥)               (1) 

Where, 𝑓 𝑥  is a real valued function defined on the space 𝑅𝑛 , called an objective 

function,  S is a subset of the space 𝑅𝑛  , called a feasible set and the points 𝑥∗ in S are called 

feasible. 

A point 𝑥∗ in S is said to be a local minimum of the 𝑓 𝑥  if : 

𝑓 𝑥∗ ≤ 𝑓 𝑥 , ∀𝑥 ∈ 𝑆 ∩  𝑥,  𝑥 − 𝑥∗ < 𝛿, 𝛿 > 0      (2) 

A point 𝑥∗in S is a global minimum of the function 𝑓 𝑥 if 

𝑓 𝑥∗ ≤ 𝑓 𝑥     ∀𝑥 ∈ 𝑆        (3) 

Similarly, Local and global maximum points can be defined.  The maximization and 

minimization are related by the relation 

max  {𝑓 𝑥 , ∀𝑥 ∈ 𝑆} = −min  {−𝑓 𝑥 , ∀𝑥 ∈ 𝑆}              (4) 

Therefore, any maximization problem can be converted into an equivalent minimization 

problem, and vice versa. 

 
Conclusion 

The computational geometry and topology plays a significant role in the bioinformatics 

research towards obtaining three dimensional models of all proteins discovered so far. 

Through optimized combination of experimental structure determination of optimally 

selected proteins and computerized structure Prediction using efficient computer modeling 

algorithms, the accurate predictions of protein structures are possible.  Automated computer 

based modeling algorithms which exploit the capabilities of computational geometry and 

topology will significantly broaden the scope of modelable proteins in structure genomics. 
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Abstract  

The basic concepts of fluid mechanics and heat transfer, Finite Volume Method, governing equations with boundary 
conditions, relevant physical parameters are discussed. The basics of the finite volume methodology is outlined. We quickly 

review the method starting with diffusion and convection of a general quantity   , such as the thermal energy, then the 

specificities of solving the momentum equation and of coupling pressure and velocity fields are dealt with the context of 
staggered meshes. The problems encountered in the discretization of the convective terms are also discussed and the 
specific issues related to the calculation of variable viscosity, and especially of yield stress, typical of some non-Newtonian 
fluids, are also addressed. To address the problem of the unbounded viscosity in yield stress fluids, modifications of the 
yield stress law by the bi-viscosity, modified bi-viscosity and Papanastasiou models are suggested and discussed. 

Keywords: Finite Volume Method, Generalized Newtonian Fluids, yield stress, viscosity.  

 
Introduction 

Fluid mechanics has been important to virtually all societies because people need water to 

drink, irrigation for agriculture and the economic advantages of waterborne transportation. It 

is concerned with understanding, predicting and controlling the behavior of the fluid. Since we 

live in the dense gas atmosphere on a planet mostly covered by liquid, a rudimentary grasp of 

fluid mechanics is a part of everyday life. For an engineer, fluid mechanics is an important field 

of applied sciences with many practical and existing applications. Our physical intuitions 

enable us to interpret thermal phenomena, and our reactions to hot and cold objects or 

environments rapidly become voluntary. Energy crosses the boundary in the form of either 

work or heat. Hence, heat is defined as the energy in transit. It cannot be measured or 

observed directly but its effects are measurable and observable. Whenever a temperature 

difference exists within a system or between the systems, energy is transferred as heat.  

 
Finite Volume Method 

Finite volume method for the solution of the partial differential equations has gained wide-

spread acceptance in recent years for their robustness, their intuitive formulation and their 

computational advantages. The finite volume discretizes the integral form of the conservation 

equations directly in the physical space. It was initially introduced by researchers such as 

McDonald (1971) and MacCormack and Paullay (1972) for the solution of two-dimensional 

time-dependent Euler equations, and was later extended to three-dimensional flows by Rizzi 

and Inouye (1973). The computational domain is subdivided into a finite number of 

contiguous control volumes, where the resulting statements express the exact conservation of 

relevant properties for each of the control volumes. At the centroid of the each control 

volumes, the variable values are calculated. Interpolation is used to express the variable values 
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at the control volume surface in terms of the center values and suitable quadrature formulae 

are applied to approximate the surface and volume integrals. An algebraic equation for each of 

the control volume can be obtained, in which a number of the neighboring nodal values 

appear. 

As the finite volume method works with control volumes and not the grid intersection 

points, it has the capacity to accommodate any type of grid. Here, instead of structured grids, 

unstructured grids can be employed that allow large number of option for the definition of 

shape and location of the control volumes. Since the grid defines only the control volume 

boundaries, the method is conservative so long as the surface integrals that are applied at 

these boundaries are the same as the control volumes sharing the boundary. One disadvantage 

of this method compared to the finite difference schemes is that higher order differencing 

approximations greater than the second order are more difficult to develop in three 

dimensions. For illustration purposes of the finite-volume method, we consider a typical 

representation of structured (quadrilateral) and unstructured (triangle) finite volume element 

in two-dimensional for the discretization of the partial differential equations. The cornerstone 

of the finite-volume method is control volume integration.  

 
Newtonian Fluids 

Fluid that obeys the Newton’s law of viscosity is known as Newtonian fluid. Most common 

fluid such as water, air and gasoline are Newtonian under normal conditions.   is the 

absolute viscosity. If the fluid is Newtonian, then

      

 

yx
    

dy

du


       (1) 
Non-Newtonian Fluids 

Fluids in which shear stress is not directly proportional to deformation rate are non-

Newtonian. Many common fluids exhibit non-Newtonian behavior. Two familiar examples are 

toothpaste and Lucite paint.  

yx
   

dy

du

dy

du
k

n 1

  
dy

du


                           (2) 

where, 

1



n

dy

du
k   is the apparent viscosity. 

Basic Equations 

Equation of Continuity 

The partial differential equation expressing the conservation of mass is called continuity 

equation. The equation of continuity is 

0)( 



q

t



                 (3) 

where, q  is the velocity vector,   is the density, t   is the time. 
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Equation of Momentum 

The partial differential equation expressing the conservation of momentum is called the 

Navier-Stokes equations of motion. The momentum equation is 

qFpqq
t

q 2   




















             (4)

 

Where, F  is the body force, p  is the pressure,   is the dynamic viscosity. 

 
Equation of Energy  

The partial differential equation expressing the conservation of energy is referred as 

energy equation. The equation of energy is 

  T
Dt

DT
Cp

2 
        (5) 

Where, pC  is the specific heat capacity,   is the thermal conductivity, T  is the 

temperature 

222222

2 











































































































x

w

z

u

z

v

y

w

y

u

x

v

z

w

y

v

x

u

 is the dissipation function. 

 
Boundary Conditions 

When a fluid is in contact with a rigid solid surface (or with another unmixed fluid), the 

following boundary conditions must be satisfied in order to maintain contact, the fluid and the 

surface width which contact is preserved must have the same velocity normal to the surface. 

Let n̂  denote a normal unit vector drawn at the point P of the surface of contact and let q  

denote the fluid velocity at P . When the rigid surface contact is at rest, we must have 0ˆ  nq  

at each point of the surface. This expresses the condition that the normal velocities are both 

zero and hence the fluid velocity is tangential to the surface at its each point. Let the rigid 

surface be in motion and let u  be its velocity at P . Then we must have 

nunq ˆ    ˆ   (or) ( uq  ) 0n̂              (6) 

which expresses the fact that there must be  no normal  velocity at P  between boundary 

and fluid that is, the velocity of the fluid relation to the boundary at its tangential to the 

boundary at its each point. 

 
Physical Parameters 

Reynolds Number 

The Reynolds number Re  is defined as the ratio between the inertia force and viscous 

force.  
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 VLVL
Re

               (7)

 

where V  is the characteristic velocity, L  is the characteristic length, 



    is the kinematic 

viscosity. 

Prandtl Number 

The Prandtl number Pr  is defined by  




p

C
Pr

     (8)
 

Peclet Number 

The Peclet number Pe  is defined by  



 pCVL
Pe     

                   (9)
 

 
Mathematical Formulation of the Problem 

Consider the viscous incompressible laminar flow of stress-explicit Generalised Newtonian 

Fluid (GNF) with temperature-dependent viscosity. The coordinate system is the Cartesian 

system 
ix . Based on these assumptions, the governing equations of such flow are continuity 

equation and momentum equation, which are written as  

0    




i

i

x

u

                         (10)

 

where 
iu  is the velocity field,   is the fluid density, t  is the time, p  is the pressure field 

and 
ig  is the acceleration of gravity. 

The rheological constitutive model for an Oldroyd-B fluid which is written as follows 

    ij

k
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2
                  (12) 

where ij  is an explicit expression for the ij  component of the stress tensor,     is the 

viscosity function and ij  is the mean annular gap width. 
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The second term on the right-hand-side vanishes according to continuity. However, 

especially when dealing with viscoelastic fluids, there are numerical advantages in keeping 

this term. In this present paper, and henceforth, it will be dropped. 
When trying to solve Eqn. (10) and (11) for GNF fluids, in the context of a finite volume 

method, there are two possibilities: 
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1) The explicit constitutive equation is substituted into the momentum Eqn. (11), thus 

eliminating variable ij .  This results in an equation which is similar to that for Newtonian 

fluids with variable viscosity, as appears in turbulent Newtonian flows or in laminar 

Newtonian flows with temperature-dependent viscosity. Eqn. (11) becomes                                                                           

                                                                  (13) 

                                                                             

 

 

 

and, as with Newtonian fluids, rearrange the viscous                                                                                                                    

terms as, so that we have finally 

,                                                                                (14) 
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                                         (15)

 

The momentum Eqn. (15) is written here in the so-called strong formulation which is 

advantageous to finite volumes because it automatically ensures global momentum 

conservation in the calculation methods and also with all the normal diffusion terms 

appearing on the left-hand-side and the cross diffusion terms on the right-hand-side.  

Alternatively, the constitutive Eqn. (12) is kept separately, i.e., there will be an equation on 

the stress ij  to be solved in each case. In this case, and for reasons of stability that on stress-

implicit fluids viscoelastic fluids of the differential type, it is advantageous to add and subtract 

a diffusion term and to rewrite the momentum Eqn. (11) as 
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                                       (16)     

 

The advantage of using Eqn. (16) is its generality, i.e., the momentum equation is now 

independent of the constitutive model adopted. However, there are added diffusion terms in 

the momentum equation for the sake of convergence stability and these needs to be 

adequately handled, especially when doing transient calculations, to avoid spurious effects. 

On the other hand, if our aim is to solve purely viscous fluids it is worth to stay with the 

first strategy which leads to the same code used for solving turbulent Newtonian flows or non-

isothermal laminar flows with temperature-dependent properties, where the turbulent and 

laminar viscosities vary throughout the calculation domain.  Often, we also need to solve the 

internal energy equation (  would be the temperature) or an equation of conservation for a 

chemical species (less frequent in non-Newtonian calculations) formulation, as (Pinho and 

Oliveria [1])  
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Henceforth, we will be dealing with the steady flows so we drop the first term on the left-

hand-side.  
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Eqn. (17) is very general and is not exclusively for scalar quantities.  Eqns. (15) and (16) 

have the same form provided ju
 
and S  accounts for everything standing on the right-

hand-side.  

 
The Finite Volume Methodology 

Conservation of mass, momentum, energy and also the constitutive equation for 

viscoelastic fluids can all be written in the form of Eqn. (17) and it is with this equation that we 

describe the finite-volume method. The first step is the integration of a generic transport 

equation for quantity   over a three-dimensional control volume V  and there is here no 

approximation whatsoever 
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                                     (18)  

Apply Gauss divergence theorem to the left-hand-side of Eqn. (18)  
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                     (19)   

where 
in  is the unit vector normal to the surface element .dA Gauss theorem leads to the 

following integrated conservation equation 
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       (20)     

 
Steady-State Diffusion 

We start the discretization of Eqn. (2.14) by looking at one-dimensional diffusion along       

x  - direction for which the equation to be solved simplifies to 
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with the above two approximations, the left and right-hand-side terms become 

 weA

x
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d
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d
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(22)  
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                                     (23)                         

with the over bar denoting here the average value over the control volume P . 
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Eqn. (22) indicates that the gradients of   are to be evaluated at the center of faces e  and w , 

this requires further assumptions, this time for the variation of fluid and flow properties 

between nodal points. For a uniform grid the central difference approximation leads to 
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e x
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                                  (24)   

and similarly for diffusion fluxes along the other directions. In Eqn. (24)  
EPx  represents the 

distance between nodes E  and P  along x . The source term S  may be a function of   and in 

this case it should be linearised as (Patankar [2]) 

PPu
SSVS                       (25)               

Grouping all terms, we arrive at the following discretised equation for one-dimensional 

steady-state diffusion 

PPu

PW

WP

ww

EP

PE

ee
SS

x
A

x
A 

























 








 
     (26)     

which can be rearranged into  
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Eqn. (27) is often written in the canonical form 

uEEWWPP
Saaa                                           (28)                       

with coefficients 
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Steady-State Convection and Diffusion 

The one-dimensional conservation equation for   becomes 

                                     
                                    (29) 
                  

The unknown is still  , and the flow field u  satisfies the continuity and momentum 

equations. The finite-volume method is applied in Eqn. (28), the equation is volume-

integrated, Gauss theorem is applied and a discretization is performed leading to 

                                                                              

          (30)

  

Introduce the concept of diffusion conductance xD   . Regarding the convective 

terms, the convective flux is defined as uF   and now we rewrite Eqn. (2.34) as 
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     PPuWPwwPEeewwweee SSADADAFAF                                                         (31)
 

As we can see, whereas diffusion directly gave rise to values of   at the nodes 
P

  and 
F

 , 

convection gave values of   at faces f . These are unknowns that need to be determined as a 

function of nodal values via interpolation of the neighbor nodal values, already used for 

diffusion, which is called the central differencing scheme (CDS). It is a second order scheme 

and is able to provide accurate solutions, but has the disadvantage of being unstable when 

convective fluxes are supercritical, i.e., when 2  
ff

DF . It brings us to the issues of 

stability, accuracy and other properties of discretization schemes.  

 
Generalized Newtonian Fluids with No Yield Stress 

The calculation of laminar flows with GNF fluids has similarities to calculations of 

turbulent Newtonian flows using turbulence models based on the concept of an eddy viscosity 

or to laminar Newtonian flows with temperature-dependent viscosity. In these three cases, the 

viscosity varies in the computational field and the similarity facilities the adaptation of a 

turbulent Newtonian code for calculations of non-Newtonian laminar flows, as it suffices to 

eliminate the eddy viscosity and to include the appropriate expression for the molecular 

viscosity. Since the viscosity depends of a shear rate 

ijij DD2           and    
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1
            (32) 

the code must include the calculation of    to be carried out on the original grid. 

On the turbulent Newtonian flow code this is usually not necessary as the calculation of    

is already included as part of turbulence models. 

When the viscosity constitutive equation is a Power-Law 

2

1

2 )(    )(





n

K                                        (33) 

there is a potential for trouble in flows where    is very close to zero or it attains a value of 

zero, as in planes of symmetry or in regions of stagnated flow, because the viscosity becomes 

unbounded and the code may diverge or converge with difficulty. There are three possible 

remedies to this problem. 

a. To set the viscosity to a constant large value whenever the shear rate   is below a 

predefined small value. If the high viscosity is too large and is set up over a large flow 

region, the matrices become very stiff and it can take a while for the code to converge to 

the desired level. Convergence with the Power-Law fluids has usually no problems 

although it can take a bit longer than for the similar Newtonian problem. When the degree 

of shear-thinning is intense, say for 2.0    n , the required number of iterations can be  

two or three times those for the equivalent Newtonian flow simulation. 
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b. If it is known in advance that there are no stagnated flow regions, or that such regions are 

much localized, the calculation can be initialized, and some iterations performed, with a 

constant viscosity, after which the calculation proceeds with the true variation of viscosity. 

c. To substitute the Power-Law by a viscosity model which possesses a first Newtonian 

plateau at lower shear rates, followed by a Power-Law region. One such case is a simplified 

Carreau-Yasuda model given by 

    a

n
a

c 1

0 )(1     


                       (34)                                 

The user must be careful to set well the various model parameters. Naturally, nn
c

    
and 

1

0     


 cn
K 

 
but the selection of  

0


  
and     requires an idea of the range of flow rates (or 

time scales) prevailing in the flow. Eqns. (33) and (34) are shown in the Figure 2.1.   
represents the reciprocal of the shear rate separating the constant and Power-Law viscosity 

regions. 

 The numerical results are displayed with the help of graphical illustrations by fixing 

several values for consistency index K , reciprocal of the shear rate  , zero shear rate 

viscosity 
0  and fixed value for Power-Law index n . For different values of K  on the Power-

Law when 6.0n  is shown in the Figure 2.2. It is noted that for several values of consistency 

index K  the viscosity function )(  decreases when the shear rate   increases.  

 The different values of   for the simplified Carreau-Yasuda model with the higher value 

of a  is displayed in the Figure 2.3. The different values of 
0  for the simplified Carreau-

Yasuda model with the higher value of a  is represented in the Figure 2.4. It is noted that for 

several values of   the zero shear rate viscosity 
0 is constant to some extent and then it 

decreases abruptly when shear rate   increases. 

 Thus, the value of    must be well above the estimated reciprocal of the minimum shear 

rate in the flow. A good rule of thumb is 
min100      . It is noted that, if 0    min 

 
as in a given 

plane of symmetry,   should not be calculated at the plane of symmetry, but at the nearest cell 

center. Parameter a  of the Carreau model determines the rate at which the viscosity Carreau-

Yasuda model changes from the Power-Law behavior to the constant viscosity behavior in the 

vicinity of  1     . The most common value of a  used for fitting true viscosity data is 2    a , 

for which simplified Carreau model is recovered, but a higher value can be used. The higher 

the value of a  the more sudden transition between these two regions will be.  

 
GNF with Yield Stress Fluids 

In contrast to non-yield stress fluids, calculations with yield stress fluids pose severe 

problems of convergence and of accuracy. In regions of unyielded fluid the shear rates are zero 

and the viscosities become unbounded as given by the Herschel-Bulkley viscosity model. 
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 YnK  1 

 

  for  
Y    

0   for  
Y                                             (35) 

Even when using an adequate modification of the yield stress viscosity model, to be 

presented in this section, the viscosities in the unyielded regions are very high and 

convergence becomes extremely slow. 

The number of iterations required for convergence of a specific flow problem can be 10  to 

100  times larger than for the equivalent non-yield stress fluid problem. Two reasons 

contribute to this discrepancy 

i) The high viscosities in the unyielded flow regions increase the stiffness of the matrices 

and this slows down convergence considerably. 

ii) The required convergence criteria (normalized resudials), for a given level of accuracy, 

must be 100   to 1000  times smaller than for the equivalent non-yield stress flow problem. 

The different values of shear rate   for yield stress fluids for the effects of viscosity 

function     with fixed values for yield stress 
Y , consistency index K  and Power-Law 

index n  is represented in the Figure 2.5. It is noted that the viscosity function     decreases 

when the shear rate   increases. 

To avoid unbounded viscosities the original viscoplastic model must be modified by the 

stratigies explained. They are the bi-viscosity model of Beverly and Tanner [3] and a modified 

bi-viscosity model. 

 
The Bi-Viscosity Model 

The bi-viscosity model was originally introduced by Beverly and Tanner [3] for Bingham 

plastics but is easily extended to other fluids, as Soares et al [4] did for the Herschel-Bulkley 

fluid. The bi-viscosity modification of the Herschel-Bulkley fluid is 

r    for   c    

 






 YnK  1    

   

for    c                                                                                  (36)                                                                

where the critical shear rate 
c  results from the intersection of the two expressions and is 

given by the non-linear implicit equation 

Y

n

ccr K              (37) 

This equation becomes explicit for the case of Bingham plastic, where   is the plastic 

viscosity ( K  if  1n  in Eqn. (33)) 









r

Y
c
                  (38)  
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The value of 
r  must be high to better represent the original mode but, if it is too high, 

matrices become too stiff and a converged  solution will be difficult to obtain. A good 

compromise for Bingham plastics is 1000300  r
 and this is recommended by Beverly 

and Tanner [3], Soares et al [4] and Vardis and Otugen [5]. Another criterion, recommended by 

Vardis and Otugen [5], is URYr  1000   which in some cases gives higher values of 
r  

than the previous criterion. The bi-viscosity model, or any of the other remedies to be 

presented, is a cure to the unbounded viscosity issue but convergence is very slow because of 

the high viscosities and the strict convergence criteria required for accurate solutions. 

 
The Modified Bi-Viscoscity Model 

The problem with the bi-viscosity model is that it is less straightforward in two aspects. 

1. For an Herschel-Bulkley fluid the value of 
c  must be obtained by solving the non-linear 

Eqn. (37) and the result is not known a priori, i.e., there is no general expression for 
c . 

2. For the rheogram of a Bingham plastic, Figure 2.9 shows that the yield stress value 
Y  

occurs for a shear rate corresponding to the high viscosity region, that is the value of the 

shear stress that marks the separation between yielded and unyielded flow regions 

pertains to the high viscosity range of shear rates which should correspond only to an 

unyielded region. This inconsistency can be resolved by using the modified bi-viscosity 

model which is given by 

r    for   c    

 










n

cYn K
K


 1

    for   c                         (39) 

with 
c  now given by 

r

Y
c




  . As regards the value of 

r , the recommendation is exactly 

the same as for original bi-viscosity model of the previous section. 

In the bi-viscosity model, represented schematically in the Figure 2.6, there is an 

intersection of the high viscosity region with an equation which represents a slight 

modification of the Herschel-Bulkley equation. The difference between the bi-viscosity and 

modified bi-viscosity models is small given the range of parameter 
r , but the use of modified 

equation is to be preferred by those who wish to have no ambiguity concerning the values of 

c  and the corresponding value of the shear stress. 

 
The Papanastasiou Model 

The Papanastasiou model can also be adapted to any yield stress viscosity model and it is 

presented in Eqn. (40) as a substitute of the Herschel-Bulkley equation 
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 mYn eK   1     1                     (40) 

The numerical results are displayed with the help of graphical illustrations by fixing 

several values for shear rate  , consistency index K  and fixed values for regulation parameter

m , flow index behavior n  and yield stress tensor 
Y . For different values of K  the viscosity 

function     increases abruptly and then decreases when shear rate   increases which is 

depicted in the Figure 2.7. 

The advantage of this model is that it is written as a single equation but its disadvantage is 

the capacity to distinguish between yielded and unyielded regions. In a calculation the values 

of shear rate will never be zero, so the user must define a criterion below which the shear rate 

will be considered as pertaining to an unyielded region. The recommended values for the 

regulation parameter m  are 100m , as given by Papanastasiou [6]. 

 

 
Fig.2.1 Effects of   on the comparison between a simplified  

Carreau  model (a= 2) and Power-Law 

 

Fig.2.5 Effects of  K  on the Power-Law when 6.0n  
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Fig.2.2 Effects of   on simplified Carreau model (a= 2) 

 

Fig.2.3 Effects of   on simplified Carreau model (a= 2) and 
0

  

 

Fig.2.4 Effects of viscosity function     with shear rate   for yield stress fluids 
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Fig.2.5 Effects of bi-viscosity and modified bi-
viscosity applied to a Bingham plastic with 

change in stress tensor   
 

 

Fig.2.6 Effects of bi-viscosity applied to a 
Bingham plastic with change in yield stress 

tensor 

 
Fig.2.7 Effects of viscosity function       and shear rate   in Papanastasiou  model 
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Conclusion 

It is clear that from these comparisons 

that the major factor affecting the quality 

of the predictions is the convergence 

criteria. The normalized residual must be 

set to a much lower value than is usual for 

Newtonian and non-yield stress 

Generalized Newtonian calculations. It is 

also clear from these comparisons that the 

quality of the predictions for yield stress 

fluids is not as good as those obtained for 

non-yield stress fluids because the viscosity model must be modified. Once their parameters 

have been well selected, the two bi-viscosity models presented for substituting the original 

Herschel-Bulkley equation provides similar results and accuracy. The Papanastasiou model 

tends to be marginally more accurate but its convergence is slower. Further, the following 

conclusions are made: 

 It is noted that for several values of consistency index K  the viscosity function )(  

decreases when the shear rate   increases. 

 It is noted that for several values of   the zero shear rate viscosity 
0  

is constant to 

some extent and then it decreases abruptly when shear rate   increases. 

 For different values of shear rate    the viscosity function     decreases when the shear 

rate   increases. 

0 1 2 3 4 5 6 7 8 9 10 11
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 c= 
 Y

 r 

- 


r Yr - )

r = 12

 = 0.2

0 1 2 3 4 5 6 7 8 9 10
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 c
=
 Y



r 
- 



Y

r = 12

 = 0.2

e-2.000000 e-1.000000 e0.000000

e-2.000000

e-1.000000

e0.000000

e1.000000

e2.000000

e3.000000

m = 100

n = 0.6

Y = 10 Pa

()



K = 0.2 , 1



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 277 

 For different values of K  the viscosity function     increases abruptly and then 

decreases when shear rate   increases. 
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Abstract 

The main aim of this paper is to find the smallest set of genes that can ensure highly accurate classification of cancer 
from micro array data by using supervised machine learning algorithms. The significance of finding the minimum gene 
subset is three fold: 1) It greatly reduces the computational burden and noise arising from irrelevant genes .2) It simplifies 
gene expression tests to include only a very small number of genes rather than thousands of genes, which can bring down 
the cost for cancer testing significantly.3) It calls for further investigation into the possible biological relationship between 
these small numbers of genes and cancer development and treatment. Our simple yet very effective method involves two 
steps. In the first step, we choose some important genes using a 2 way Analysis of Variance (ANOVA) ranking scheme. In the 
second step, we test the classification capability of all simple combinations of those important genes using a good classifier 
such as Support Vector Machines. Our approach obtained very high accuracy with only two genes. 

Keywords: Gene expressions, Cancer classification, Neural networks, Support vector machines. 

 
Introduction 

Compared with traditional tumor diagnostic methods based mainly on the morphological 

appearance of the tumor, the method using gene expression profiles is more objective, 

accurate, and reliable [2]. With the help of gene expression obtained from micro array 

technology, heterogeneous cancers can be classified into appropriate subtypes. Recently, 

different kinds of machine learning and statistical methods, such as artificial neural network 

[3], evolutionary algorithm [4], and nearest shrunken centroids [5], have been used to analyze 

gene expression data. Supervised machine learning can be used for cancer prediction as 

follows: First, a classifier is trained with a part of the samples in the cancer data set. Second, 

one uses the trained classifier to predict the samples in the rest of the data set to evaluate the 

effectiveness of the classifier. The challenge of this problem lies in the following two points:. 

1. In a typical gene expression data set, there are only very few (usually from several to 

several tens) samples of each type of cancers. That is, the training data are scarce. . 

2. A typical gene expression data set usually contains expression data of a large number of 

genes, say, several thousand. In other words, the data are high dimensional. 

In 2003, Tibshirani et al. successfully classified the lymphoma data set [6] with only 48 

genes by using a statistical method called nearest shrunken centroids with an accuracy of 100 

percent [7]. For the method of nearest shrunken centroids, it categorizes each sample to the 

class whose centriod is nearest to the sample. The difference between standard nearest 

centroids and nearest shrunken centroids is that the latter uses only some important genes 

rather than all the genes to calculate the centroids. In the same year, Lee and Lee also obtained 

100 percent accuracy in this data set with an SVM classifier and the separability-based gene 

importance ranking [8], [9]. They used at least 20 genes to obtain this result. At the same time, 
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they generated three principal components (PCs) from the 20 top genes. Their SVM also 

obtained 100 percent accuracy in the space defined by these three principal components. In 

fact, taking advantage of testing samples in any step of the classifier-building process, 

In this paper, we propose a simple yet very effective method that leads to cancer 

classification using expressions of only a very few genes. Furthermore, we evaluated our 

methods in an honest way, which excluded the influence of the bias [11]. This paper is 

organized as follows: We first introduce our procedure to find the minimum gene 

combinations. Then, the numerical results of Lymphoma data sets demonstrate the 

effectiveness of our approach. 

 
Method 

Our proposed method is comprised of 2 steps. In step 1, we rank all genes in the training 

data set using a scoring scheme. Then we retain the genes with high scores. In step 2, we test 

the classification capability of all simple two gene combinations among the genes selected in 

step 2using a good classifier such as support vector machines. 

 
Step 1: Gene Importance Ranking 

 In step 1, we compute the importance ranking of each gene using an Analysis of Variance 

(ANOVA) method. Analysis of variance (ANOVA) is a technique for analyzing experimental 

data in which one or more response variables are measured under various conditions 

identified by one or more classification variables. The combinations of levels for the 

classification variables form the cells of the experimental design for the data. In an analysis of 

variance, the variation in the response is separated into variation attributable to differences 

between the classification variables and variation attributable to random error. An analysis of 

variance constructs tests to determine the significance of the classification effects. A typical 

goal in an analysis of variance is to compare means of the response 

variable for various combinations of the classification variables. An analysis of variance 

may be written as a linear model. The two-way analysis of variance is an extension to the one-

way analysis of variance. There are two independent variables. Two-way ANOVA determines 

how a response is affected by two factors. The two independent variables in a two-way ANOVA 

are called factors. The idea is that there are two variables, factors, which affect the dependent 

variable. Each factor will have two or more levels within it, and the degrees of freedom for 

each factor is one less than the number of levels. In the 2 way ANOVA interactions between 

row and column. These are differences between rows that are not the same at each column, 

equivalent to variation between columns that is not the same at each row. For each component 

in the 2 way ANOVA table consists of sum-of-squares, degrees of freedom, mean square, and 

the F ratio. Each F ratio is the ratio of the mean-square value for that source of variation to the 

residual mean square (with repeated-measures ANOVA, the denominator of one F ratio is the 

mean square for matching rather than residual mean square). [26] 
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Step 2: Finding the minimum gene subset 

After selecting some top genes in the important ranking list, we attempt to classify the data 

set with one gene. We input each selected gene into our classifiers. If no good accuracy is 

obtained we go on classifying the data set with all possible 2 gene combinations within the 

selected genes. If still no good accuracy is obtained, we repeat this procedure with all of the 3-

gene combinations and so on until we obtain a good accuracy. In this paper, we used the 

following classifier to test 2-gene combinations. 

 
Support Vector Machines (SVMs) 

Support Vector Machines (SVMs) [21] were originally designed for binary classification. 

Recently, SVM [22] have become a popular tool for learning methods since they translate the 

input data into a larger feature space where the instances are linear separable, thus increasing 

efficiency. In the SVM methods a kernel which can be considered a similarity measure is used 

to recode the input data. The kernel is used accompanied by a map function .Even if the 

mathematics behind the SVM is straight forward, finding the best choices for the kernel 

function and parameters can be challenging, when applied to real data sets. We will use the 

Libsvm developed by Chang [23]. Usually, the recommended kernel function [24] for nonlinear 

problems is the Gaussian radial basis function, because it resembles the sigmoid kernel for 

certain parameters and it requires less parameters than a polynomial kernel. The kernel 

function parameter γ and the parameter C, which controls the complexity of the decision 

function versus the training error minimization, can be determined by running a 2 

dimensional grid search, which means that the values for pairs of parameters (C, γ) are 

generated in a predefined interval with a fixed step. The performance of each combination is 

computed and used to determine the best pair of parameters. 

The non-sparse property of the solution leads to a really slow evaluation process. Thus, for 

the microarray datasets a data reduction [25] can be done in terms of genes or features of the 

dataset considered. Redundant or highly correlated features can be replaced with a smaller 

uncorrelated number of features capturing the entire information. This is done by applying a 

method called Principal Component Analysis (PCA) before using the SVM algorithm. The 

method is performed by solving an eigenvector problem or by using iterative algorithms and 

the result is a set of orthogonal vectors called principal components. The mapping of the larger 

set into the new smaller set is done by projecting the initial instances on the principal 

components. The first principal component is defined as the direction given by a linear 

regression fit through the input data. This direction will hold the maximum variance in the 

input data. The second component is orthogonal on the first vector, uncorrelated and it is 

defined to maximize the remaining variance. This procedure is repeated until the last vector is 

obtained. 
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The envisioned research will follow the main steps of knowledge discovery processes:- 

Gene selection - the irrelevant attributes (genes) are removed and the selected data is 

represented as a two-dimensional table. 

Preprocessing - if the selected table 

contains missing values or empty cell 

entries, the table must be preprocessed in 

order to remove some of the 

incompleteness. Statistics should be run to 

obtain more information about the data. 

Training and validation sample - the 

initial table is divided into at least two 

tables by using a cross validation 

procedure. One will be used in the training 

step, the other in the validation or testing 

step. 

Interpretation and evaluation - the 

validation or test data set is then used to 

test the classificatory performance of the methods in terms of efficiency and accuracy. 

Algorithm Description 

We used five fold cross validation in the experiments because formal training and test 

datasets are not available for this data set. More specifically, we randomly divide data in each 

class into five groups. In each fold, data points in four groups are used as a training set, the 

data points in the remaining group is used as a test set. Hence, we have five folds of the data. 

The training and test sets in each fold are independent. Moreover, the experiment using data 

in each fold is done independently. Hence, cross validation is used here for separating the data 

set into several groups of training and testing sets, not for avoiding over fitting [1]. Fig.1 shows 

the procedure for cross validation. 

 
Results 

In the lymphoma data set [13] there are 42 samples derived from Diffuse Large B-cell 

Lymphoma (DLBCL), nine samples from Follicular Lymphoma (FL), and 11 samples from 

Chronic Lymphocytic Leukemia (CLL). The entire data set includes the expression data of 4026 

genes. In this data set, a small part of the data is missing. A k-nearest neighbor algorithm was 

applied to fill those missing values In the first step, we randomly divided the 62 samples into  

2 parts: 31 samples for testing, 31 samples for training. We ranked the entire set of 4,026 

genes according to their ANOVA in the training set. Then we picked out the 20 genes with 2 

gene combinations with 190 iterations (see table 1) and picked the highest ANOVA. (See the 

table 2). 

ANOVA in the training set. Then we picked out the 20 genes with 2 gene combinations with 

190 iterations (see table 1) and picked the highest ANOVA. (See the table 2). 

Gene 
Correct 

rate 
Error 
rate 

Gene 
Correct 

rate 
Error 
rate 

1,4 1 0 4,7 1 0 
1,8 1 0 7,8 1 0 
1,9 1 0 7,9 1 0 

1,14 1 0 7,18 1 0 
1,15 1 0 8,17 1 0 
1,16 1 0 9,12 1 0 
1,18 1 0 9,17 1 0 
2,4 1 0 11,17 1 0 
2,8 1 0 12,14 1 0 
2,9 1 0 12,18 1 0 

2,11 1 0 14,17 1 0 
2,14 1 0 17,18 1 0 
2,15 1 0 18,20 1 0 
2,16 1 0 4,12 1 0 
2,18 1 0 4,17 1 0 
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Table 1 

 In the complete combinations of the 190 

iterations the average error rate is 7.35 percent 

 
 

Table. 2 Maximum Accuracy Achieved By the Following Combinations 

We applied our SVM to classify the lymphoma micro array data set. At first, we added the 

selected 20 genes one by one to the network according to their ANOVA ranks. That is, we first 

used only a two gene that is ranked 1 as the input to the network. We trained the network with 

the training data set and subsequently, tested the network with the test data set. 

The excellent performance of our SVM motivated us to search for the smallest gene subsets 

that can ensure highly accurate classification for the entire data set. We first attempted to 

classify the data set using two gene tested for all possible combinations within the 20 genes. 

Fig.1 shows the CV procedure used here. 2007, Lipo et al successfully classified the lymphoma 

data set [1] using T-Test method; the average accuracy was 93.85 percent. To our pleasant 

surprise, among all possible two gene combinations the best fivefold CV accuracy for the 

training data reached 97.15 percent for the SVM. The corresponding testing accuracies varied 

from 96.77 to 100 percent. We are comparing all possible combination of tests shown in 

Table2. 

With the application of linear SVM raking, we have the overall mean misclassification error 

to be equal to 18.5%. However, the most important conclusion is drawn from the so-called 

confusion matrix. A confusion matrix contains information about the actual and predicted 

classifications done by a classification system. 

   Table 2 

 Comparing existing method, our 

approach obtained very good 

accuracy. 

Performance of such systems is 

commonly evaluated using the data in 

the matrix. Table 3 presents such 

matrix corresponding to the best gene 

combination among 20 genes. 

Table 3 (9, 12) 

42 0 0 

0 8 1 

0 0 11 

       

From the table 3. The accuracy rate is (42+8+11)61/62 = 0.9838 and the error rate is 

8/62=0.129 

 

1 ,4 1,8 1, 9 1,14 1,15 1,16 1,18 2,4 
2,8 2, 9 2,11 2,14 2,15 2, 16 2,18 4 ,7 

4,12 4,17 7, 8 7, 9 7,14 7,18 8,17 9,12 
9,17 11,17 12,14 12,18 14,17 17,18 18,20 I.  

Knnimpute 
No. 
fold 

No.of 
Genes 

No.of 
Comb. 

CV Acc Acc 

(Data,3) 5 20 2 91.7 96.77 
(Data,3) 5 20 3 93.97 97.6 
(Data,3) 5 10 2 92.11 96.77 
(Data,3) 5 10 3 93.31 100 
(Data,3) 10 20 3 93.42 97.3 
(Data,3) 10 20 2 91.26 96.77 
(Data,3) 10 10 2 91.25 96.77 
(Data,3) 10 10 3 92.47 100 
(Data,5) 5 20 2 93.11 98.39 
(Data,5) 5 20 3 96.4 98.4 
(Data,5) 5 10 2 94.62 98.38 
(Data,5) 5 10 3 97.15 100 
(Data,5) 10 20 2 93.41 98.38 
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     Table 4 Back Propagation Networks 

 

 

Using Back Propagation 

Networks, we obtain the 

accuracies are shown in table4.        

 
 

 

 

 

       Table5 

Comparing all the three classifiers, our SVMs classifier 

obtained very good accuracy. 

Using T-test, we obtain the 93.85 percent accuracy 

Comparing all the three classifiers shown in table 5. 

Conclusion 

For our purpose of finding the smallest gene subsets for accurate cancer classification, 

both ANOVA and CV are highly effective ranking schemes, whereas SVM is sufficiently good 

classifiers. As we have known from the results in the lymphoma dataset, the gene combination 

that gives good separation may not be unique. In the lymphoma data set, we clustered the 20 

selected genes using K-means method. Mat lab 7.0 is used to implement this procedure. Finally 

we obtained very good accuracy compared to T-Test method. 

 
References 

1. Lipo Wang, Feng Chu, and Wei Xie, Accurate Cancer Classification using expressions of 

very few genes, IEEE/ ACM transactions on computational Biology and Bioinformatics, 4, 

40-52,2007 

2. Gloub et al., Molecular Classification of cancer: class discovery and class prediction by gene 

expression monitoring, Science, 286,531-537 

3. Perou et al., Molecular portraits of human breast tumors. Nature, 406,747-752 

4. Cho J. H, Lee J.H, and Lee I.B, New gene selection method for classification of cancer 

subtypes considering within –class variation. FEBS Letters, 551, 3-7 

5. Kim H, and Park H, Multi class gene selection for classification of cancer subtypes based on 

generalized LDA 

6. Shipp M. A et al,.Diffuse large B-cell lymphoma outcome prediction by gene expression 

profiling and supervised machine learning, Nat. Med., 8,68-74. 

7. Van’t Veer L.J et al., Gene expression profiling predicts clinical outcome of breast cancer, 

Nature, 415, 530-536. 

8. Vapnik V.,The nature of Statistical Learning theory, Springer-Verlag, New York. 

Knnimpute No.fold 
No.of 
Genes 

No.of 
Comb. 

CV 
Accuracy 

Accuracy 

(Data,3) 5 20 2 89.85 96.77 
(Data,3) 5 10 3 90.29 97.77 
(Data,3) 5 10 2 89.16 96.77 
(Data,5) 5 10 2 89.66 98.39 
(Data,5) 5 10 3 90.08 96.77 
(Data,5) 5 20 2 88.75 98.36 
(Data,5) 5 20 3 90.05 96.87 
(Data,3) 10 20 2 88.66 96.77 

Classifiers Accuracy 
T-test 93.85 
SVM 97.91 
BPN 97.43 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 284     K.S.R. College of Arts and Science for Women 

9.  Alter O., Brown P.O. , and Botstein D., Singular value decomposition for genome-wide 

expression data processing and modeling, Proceedings of Natural academic Science, USA, 

97(18), 10101-10106. 

10. Alter O., Brown P.O. , and Botstein D., Generalized Singular value decomposition for 

comparative analysis of genome-scale expression datasets of two different organisms, 

Proceedings of Natural academy of Science, USA, 100(6), 3351-3356. 

11. Troyanskanya I. et al., Missing value estimation methods of DNA micro array, 

Bioinformatics, 17(6), 520-525. 

12. Oba S. et al., A Bayesian missing value estimation method for geneexoresion profile data, 

Bioinformatics, 19(16), 2088-2096. 

13. Fried land S., Niknejad A., and Chihara L.,A Simultaneous reconstruction of missing data in 

DNA microarrays, Institute of Mathematics and its Applications preprint series, No.1948. 

14. A. A. Alizadeh et al., Distinct types of diffuse Large b-cell lymphoma identified by gene 

expression profiling, Nature, 403,503-511. 

15. Y. Lee and C. K. Lee, Classification of multiple cancer types by Multicategory Support 

Vector Machines using gene expression data, Bioinformatics, 19, 1132-1139. 

16. M. P. Brown et al., Knowledge- based analysis of micro array gene expression data by using 

support vector machines, Proceedings of Natural academy of Science, USA, 97, 262-267. 

17. Roseberg S. A., Classification of lymphoid neoplasm’s, Blood 84, 1359-1360. 

18. Schena M. Shalon D, Davis R. W, and Brown P.O., Quantitative monitoring of gene 

expression pattern with a complementary DNA micro array, Science 270, 467-470. 

  



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 285 

A COMPREHENSIVE ANALYSIS ON SOFT GROUPS AND FUZZY SOFT 

GROUPS WITH ITS APPLICATIONS 
 

Mrs.S.Vijayalakshmi 

Assistant Professor, Department of Mathematics 

K.S.R College of Arts and Science for Women, Tiruchengode, Namakkal, Tamilnadu 
 

Abstract 

In this paper, we introduce the soft set and soft group and it‟s order, power of the soft sets and soft groups, and cyclic 
soft group on a group. Also, the concepts of soft subgroups and normal soft subgroups of a group and it‟s some algebraic 
properties are investigated. We also investigate the relationship between cyclic soft groups and classical groups. Then, we 
discuss and study the properties and structural characteristics of fuzzy soft groups and normal fuzzy soft groups.  In our 
daily life we often face some problems in which the right decision making is highly essential .To obtain the best feasible 
solution of these problems we have to consider various parameters relating to the solution .For this we can use the best 
mathematical tool called fuzzy soft set theory which is successfully applied  in decision making. 

Keywords: soft set, soft group, cyclic soft groups, fuzzy soft groups and normal fuzzy soft groups. 

 

Introduction 

The theory of soft sets, proposed by Moldtsov [4], is an extension of set theory for the 

study of intelligent systems characterized by insufficient and incomplete information.His 

pioneer paper has undergone tremendous growth and applications in the last few years. Maji 

et al. [5] give an application of soft set theory in a decisionmaking problem.  Then P.K. Maji 

initiated the concept of fuzzy soft theory[6]. Rossenfeld proposed the concept of fuzzy 

groups[7] in order to establish the algebraic structures of fuzzy sets. 

 
Preliminaries 

 Throughout this work, 𝑈 is an initial universe set, 𝐸 is a set of parameters, (𝑈) is the power 

set of 𝑈, 𝐴 ⊂ 𝐸, and 𝐺 denotes a group with identity 𝑒. 

Definition 2.1 

A pair (𝐹,) is called a soft set over 𝑈, where 𝐹 is a mapping given by 𝐹 : 𝐴→𝑃(𝑈) ......... (1) 

In other words, a soft set over 𝑈 is a parameterized family of subsets of the universe 𝑈. 

Definition 2.2  

For two soft sets (𝐹,) and (𝐺, 𝐵) over 𝑈, (𝐹,) is called a soft subset of (𝐺, 𝐵), if 

(1) 𝐴 ⊂ 𝐵 and 

(2) ∀휀 ∈ 𝐴; (휀) and (휀) are identical approximations. 

It is denoted by (𝐹,)⊂(𝐺, 𝐵).(𝐹,𝐴) is called a soft superset of (𝐺, 𝐵) if   (𝐺, 𝐵) is a soft subset 

of (𝐹,𝐴). It is denoted by (𝐹,)⊃(𝐺, 𝐵). 

Definition 2.3  

If (𝐹,) and (𝐺, 𝐵) are two soft sets,then (𝐹,𝐴) AND (𝐺, 𝐵) is denoted (𝐹,𝐴) ∧ (𝐺, 𝐵). (𝐹,𝐴) 

∧(𝐺, 𝐵) is defined as (𝐻,𝐴× 𝐵), where (𝛼, 𝛽) = (𝛼) ∩ (𝛽),for all (𝛼, 𝛽) ∈ 𝐴 × 𝐵. 
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Definition 2.4 

If (𝐹,) and (𝐺, 𝐵) are two soft sets,then (𝐹,𝐴) OR (𝐺, 𝐵), denoted by (𝐹,𝐴) ∨ (𝐺, 𝐵), is 

defined by (𝐹,𝐴)∨(𝐺, 𝐵) = (𝐻,𝐴×𝐵), where   

𝐻(𝛼, 𝛽) = 𝐹(𝛼)∪𝐺(𝛽),∀(𝛼, 𝛽) ∈ 𝐴 × 𝐵. 

Definition 2.5 

Let (𝐹,) be a soft set over 𝐺. Then (𝐹,) is said to be a soft group over 𝐺 if and only if (𝑥) is 

subgroup of 𝐺 for all 𝑥 ∈ 𝐴. 

Definition 2.6 

Let (𝐹,) and (𝐻, 𝐾) be two soft groups over 𝐺. Then (𝐻, 𝐾) is a soft subgroup of (𝐹,),written 

as (𝐻, 𝐾)<(𝐹, 𝐴), if 

(1) 𝐾 ⊂ 𝐴, 

(2) (𝑥) is a subgroup of (𝑥) for all 𝑥 ∈ 𝐾. 

 
The Order of Soft Groups 

Definition 3.1 

Let (𝐹,) be a soft set over 𝐺 and (𝑥) ∈ (𝐹, 𝐴) for 𝑥 ∈ 𝐴. Then (𝑥) = { : 𝑎 ∈ 𝐹(𝑥), 𝑛 ∈ 𝑍} is 

called 𝑛-power of 𝐹(𝑥). 

Definition 3.2 

Let (𝐹,) be a soft set over𝐺and (𝑥) ∈ (𝐹, 𝐴).If there is a positive integer 𝑛 such that (𝑥) = 

{𝑒}, then the least such positive integer 𝑛 is called the order of (𝑥). If no such 𝑛 exists, then (𝑥) 

has infinite order.The order of (𝑥) is denoted by |(𝑥)|. 

Theorem 3.3 

Let (𝐹,) be a soft set over finite group 𝐺 and (𝑥) ∈ (𝐹, 𝐴) for 𝑥 ∈ 𝐴. Then, the order of (𝑥) is 

the least common multiple (LCM) of order of elements of (𝑥). 

Proof. 

Let 𝑛 be the order of (𝑥). Then (𝑥) = {𝑒}. This means that 𝑎𝑛 = 𝑒 for all 𝑎 ∈ (𝑥). We know 

from classical group theory that |𝑎| | 𝑛, namely, 𝑎, divides 𝑛 for all 𝑎 ∈(𝑥). Thus, 𝑛 is common 

multiple of elements of (𝑥). Let 𝑚be another commonmultiple of elements of (𝑥).Then, by 

reason of 𝑎𝑚 = 𝑒 for all𝑎 ∈ (𝑥), (𝑥) = {𝑒}.  

However, since 𝑛 is the least number that satisfies the condition (𝑥) = {𝑒}, hence 𝑛 | 𝑚.  

Definition 3.4 

Let 𝐺 be group and (𝐹,) soft set over 𝐺. The set  

(𝐹, 𝐴)𝑛 = {(𝑥) : 𝑥 ∈ 𝐴,𝑛 ∈ 𝑍}   ...............(4) is called 𝑛th power of soft set (𝐹,𝐴). 

Definition 3.5 

Let (𝐹,) be soft group over 𝐺. If 𝐺 is a finite group, then the least common multiple of orders 

of elements of (𝐹,) is called order of (𝐹,). If 𝐺 is an infinite group, then the order of (𝐹,) is 

defined to be the number of elements of (𝐹,𝐴) and the order of soft group (𝐹,𝐴) is denoted by 

|(𝐹, 𝐴)|. 
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Theorem 3.6  

Let 𝐺 be a finite group and let (𝐹,) and (𝐸, 𝐵) be two soft groups over 𝐺.Then |(𝐹, 𝐴) ∧ (𝐸, 

𝐵)| ≤ |(𝐹, 𝐴)| and |(𝐹, 𝐴) ∧ (𝐸, 𝐵)| ≤ |(𝐸, 𝐵)|. 
Proof 

Suppose that (𝐹,)∧(𝐸, 𝐵) = (𝐻,𝐶), where 𝐶 = 𝐴×𝐵. 

Using fundamental theorems and definitions in group theory we have 

|(𝐹, 𝐴) ∧ (𝐸, 𝐵)| = LCM(𝐻 (𝑎𝑖, 𝑏𝑖)) , for (𝑎𝑖, 𝑏𝑖) ∈ 𝐴 × 𝐵 

                                         = LCM(𝐹 (𝑎𝑖) ∩ 𝐸(𝑏𝑖)) 

                                         ≤ LCM(𝐹 (𝑎𝑖)) = |(𝐹, 𝐴)| .............(7) 
Cyclic Soft Groups 

Definition 4.1 

Let (𝐹,) be a soft group over 𝐺 and 𝑋 an element of (𝐺). The set  

{(𝑎, ⟨𝑥⟩) : 𝐹(𝑎) = ⟨𝑥⟩, 𝑥 ∈ 𝑋}is called a soft subset of (𝐹,𝐴) generated by the set 𝑋 and denoted 

by ⟨𝑋⟩.  

If (𝐹,) = ⟨𝑋⟩, then the soft group (𝐹,)is called the cyclic soft group Generated by 𝑋. 

Theorem 4.2  

Let (𝑓, 𝑔) be a soft homomorphism of the soft group (𝐹,) over 𝐺 into the soft group (𝐻, 𝐵) 

over 𝐾. If (𝐹,)is a cyclic soft group over 𝐺, then (𝑓(𝐹), 𝑔(𝐴)) is a cyclic soft group over 𝐾. 

Proof 

Now, we claim that ((𝐹), (𝐴)) is a soft group over 𝐾.Since 𝑓 is a homomorphismfrom 𝐺 to𝐾, 

((𝑥)) = ((𝑥))is a subgroup of 𝐾 for all 𝑔(𝑥) ∈ 𝑔(𝐴). Thus ((𝐹), (𝐴)) is a soft group over 𝐾. Since 

(𝑥) is cyclic subgroup for all 𝑥 in 𝐴,image of 𝐹(𝑥) under 𝑓 is cyclic; that is, 𝑓(𝐹(𝑥)) = 𝐻(𝑔(𝑥)) is 

cyclic subgroup of 𝐾 for all 𝑔(𝑥) ∈ 𝑔(𝐴). Consequently,(𝑓(𝐹), 𝑔(𝐴)) is a cyclic soft group over 

𝐾. 

Theorem 4.3  

If (𝐹,) and (𝐻, 𝐵) are two cyclic soft groups over 𝐺, then (𝐹,) ∧ (𝐻, 𝐵) is a cyclic soft group 

over 𝐺. 

Proof 

Let (𝐹,) ∧ (𝐻, 𝐵) = (𝐸, × 𝐵), where (𝛼, 𝛽) =(𝛼) ∩𝐻(𝛽), ∀(𝛼, 𝛽) ∈ 𝐴 × 𝐵. Since (𝛼) and (𝛽) 

are cyclic subgroups of 𝐺 for all 𝛼 ∈ 𝐴 and 𝛽 ∈ 𝐵 and  

(𝛼) ∩ (𝛽)is a subgroup of both 𝐹(𝛼) and 𝐻(𝛽), 𝐹(𝛼) ∩ 𝐻(𝛽) is cyclic subgroup of 𝐺 for all 

(𝛼, 𝛽) ∈ 𝐴 × 𝐵. Hence, (𝐻, × 𝐵) is cyclic soft group over 𝐺. 

Definition 4.4 

Let 𝐹 be a soft subgroup of G. Then 𝐹 is called a normal soft subgroup of G, denoted by  

𝐹 ⊲ 𝐺 , if 𝐹 𝑥−1𝑦𝑥 ⊇ 𝐹 𝑦        ∀𝑥, 𝑦 ∈ 𝐺. 

Theorem 4.5  

Let f be a homomorphism from G1 onto G2 . Then 

(1) If 𝐹 is a normal soft subgroup of G1 ，then f (𝐹 ) is a normal soft subgroup of G2  

(2) If 𝐺 is a normal soft subgroup of G2 ，then f −1(𝐺 ) is a normal soft subgroup of  G1 . 
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Proof (1)  

By known result  f (𝐹 ) is a softsubgroup of G2 .  

For ∀y∈G2 ,∀g ∈G2 ，since f is a homomorphism from G1 onto G2 , there exists h0 ∈G1 such 

that  f (0 ) = g .The 

𝑧 ∈ 𝑓 𝐹 𝑦 =∪𝑓 𝑥 =𝑦 𝐹 𝑥  

⇒ ∃𝑥0 ∈ 𝐺1 such that𝑓 𝑥0 = 𝑦 𝑎𝑛𝑑 𝑧 ∈ 𝐹(𝑥0) 

⇒  𝑧 ∈ 𝐹(𝑥0) ⊆ 𝐹 0
−1𝑥00 = 𝑓 0

−1 𝑓 𝑥0 𝑓(0) 

⇒ 𝑔−1𝑦𝑔 

⇒ 𝑧 ∈∪𝑓 −1𝑥 =𝑔−1𝑦𝑔 𝐹 −1𝑥 = 𝑓 𝐹 (𝑔−1𝑦𝑔) 

⇒ 𝑓 𝐹 (𝑔−1𝑦𝑔) ⊇ 𝑓 𝐹 𝑦. 

Hence 𝑓 𝐹  is  normal soft subgroup of  G2. 

Similarly we can prove the (2) . 

Theorem 4.6 

Let μbe a soft subgroup of G. Then μ is a normal soft subgroup of  G if and only if  

𝐹 [𝑥, 𝑦] ⊇ 𝐹 𝑥   ∀x, y ∈ 𝐺 𝑤𝑒𝑟𝑒 [𝑥, 𝑦] is a commutator of G.  

Proof 

Suppose 𝐹 is a normal soft subgroup of G. Then for ∀ x y ∈ G, 𝐹  𝑥, 𝑦  =𝐹(𝑥−1𝑦−1𝑥𝑦) 

=𝐹 𝑥−1(𝑦−1𝑥𝑦)  

⊇ 𝐹(𝑥−1) ∩ 𝐹(𝑦−1𝑥𝑦)  

=𝐹 𝑥 ∩ 𝐹 𝑦 = 𝐹 𝑥 . 

Conversely, suppose 𝐹 [𝑥, 𝑦] ⊇ 𝐹 𝑥  ∀x, y ∈ 𝐺. 

Then  𝐹 𝑥−1𝑦𝑥 = 𝐹(𝑦𝑦−1𝑥−1𝑦𝑥) 

=𝐹(𝑦 𝑦−1𝑥−1𝑦𝑥 ) 

⊇ 𝐹(𝑦) ∩ 𝐹 [𝑥, 𝑦]  

⊇ 𝐹 𝑦 ∩ 𝐹 𝑦 = 𝐹 𝑦     ∀x, y ∈ 𝐺    

Therefore 𝐹 is a normal soft subgroup of G. 

Fuzzy Soft Group 

Definition 5.1 

Let 𝐼𝑋  denote set of all fuzzy sets in X. A pair (𝐹, 𝐴)  is called the fuzzy soft set if 𝐹 is a 

mapping from A to the set of all fuzzy sets in X. i.e. 𝐹: 𝐴 → 𝐼𝑋 . 

Definition 5.2 

Let T be an idempotent t-norm, X be a group and (𝐹, 𝐴) be a fuzzy soft set over X. Then 

(𝐹, 𝐴)is said to be a fuzzy soft group over X iff for each 𝑎 ∈ 𝐴 & ∀x, y ∈ 𝑋, 

𝐹𝑎 𝑥𝑦 ≥ 𝑇 𝐹𝑎 𝑥 , 𝐹𝑎 𝑦  . 

Definition 5.3 

The fuzzy soft group (𝐹, 𝐴)over X is called a normal fuzzy soft group if for each 
𝑎 ∈ 𝐴, 𝐹𝑎 𝑦𝑥𝑦−1 = 𝐹𝑎 𝑥 , ∀x, y ∈ 𝑋. 
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Theorem 5.4 

If (𝐹, 𝐴) be the normal fuzzy soft group over X, then for each  𝑎 ∈ 𝐴, { ∈ 𝑋: 𝑓𝑎  = 𝑓𝑎 𝑒 } 
is a normal subgroup of X. 
Proof 

Let 𝑥 ∈ 𝑋   &  ∈ 𝐻𝑎 . 
Since (f,A) is a normal fuzzy soft group over X  we have 𝑓𝑎 𝑥𝑥−1 = 𝑓𝑎   ∀x, h ∈ 𝑋, 𝑓𝑎 𝑒 . 

Therefore 𝑥𝑥−1 ∈ 𝐻𝑎 . 

Hence, 𝐻𝑎  is a normal subgroup of X. 

Application of Soft Set Theory 

Molodtsov presented  some  applications  of  the  soft  set theory  in  several  directions  viz.  

study  of  smoothness  of functions  ,  game  theory,  operations  research,  Riemannintegration,  

Perron  integration,  probability,  theory  of measurement, etc. In this section, we present an 

application of soft set theory in a decision making problem with the help of rough  approach  

[3]  .Let  us  now  formulate  our  problem  as follows: 

Problem 

Let 𝑈 = {𝑐1 , 𝑐2 , 𝑐3 , 𝑐4 , 𝑐5} be the set of five cars and  

E= {expensive, fuel efficiency, spacious , maintenance free , ecofriendly , high security measure} 

are set of parameters .Let (𝐹, 𝐴)be a soft set representing the “suitable cars” given by  

(𝐹, 𝐴)= {expensive cars= {𝑐2 , 𝑐3 , 𝑐5}, fuel efficiency= {𝑐1 , 𝑐2 , 𝑐3 , 𝑐4} 

Spacious= {𝑐4 , 𝑐5}, maintenance free= {𝑐2 , 𝑐4 , }  

Ecofriendly = {𝑐1 , 𝑐2 , 𝑐3 , 𝑐4 , 𝑐5}, high security measure = { 𝑐3 , 𝑐4}} 

Suppose  that  Mr  X  wants  to  buy  a  car  consisting  the parameter  fuel  efficiency, 

spacious,   ecofriendly, high security measure which forms the subset A={  fuel  efficiency,  

spacious  ,   ecofriendly  ,high  security measure }of the set E. The problem is to select the car 

which is suitable with the choice parameters set by Mr X. 

Solution 

Let us first make a tabular representation of the problem: 

Consider the soft set (𝐹, 𝐴) where A is the choice parameter of Mr X. 

Suppose 𝑖𝑗 =  1  𝑖𝑓 𝑖 ∈ 𝐹(𝐶) 

                      0  𝑖𝑓 𝑖 ∉ 𝐹(𝐶) 

Where 𝑒𝑖 ∈ 𝐴 

Reduct –Table of A Soft Set: 

Here A is subset of E so, (𝐹, 𝐴)is a soft 
subset of (F, E).Let Q be a reduct of P. Then 
soft set (F, Q) is called reduct softest of the 
softest (𝐹, 𝐴) 

Choice value of an object Ci  
The choice value of an object Ci U is pi where 
𝐴𝑖 =  𝑐𝑖𝑗    Where 𝑐𝑖𝑗 is the entries in the table of reduct-softset. 

Where Ci , in the entries in the table of reduct softest.( [13],) 

Algorithm for Selection of Car 

To select the car for Mr. X, the following algorithm may be followed- 

 𝑒1 𝑒2 𝑒3 𝑒4 
𝑐1  1 0 1 0 
𝑐2  1 0 1 0 
𝑐3  1 0 1 1 
𝑐4  1 1 1 1 
𝑐5  0 1 1 0 
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1. Input the softest (F, E). 

2. Input the set A of the choice parameter for Mr. X, 

3. Find all reduced soft sets of (𝐹, 𝐴) 
4. Choose one reduced-softset say (F, Q) of (𝐹, 𝐴) 

5. Find  k  for which 𝑃𝑘= max𝑝𝑖 .Then 𝐶𝑘  in the optional choice object of K has more than one 
value, than any one of them could be chosen by Mr. X. Using the above algorithm we try to 
solve the above problem. 
Here 𝐴 = {𝑒1, 𝑒2 , 𝑒3 , 𝑒4}.. From table we see that { 𝑒1 , 𝑒2 , 𝑒4} is  

the reduct of A .Using choice value the reduct-soft-set can be tabulated as Here max 𝑝𝑖 = 𝑝4 . 

Decision 

Mr X can buy the car 𝑐4 . 

Conclusion  

Thus we see that Fuzzy soft set theory is 

very much interesting and useful for solving 

the day to day problems. It helps to take 

decision making in a critical situation. 
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𝑐2 1 0 0 𝑝2 = 1 
𝑐3 1 0 1 𝑝3 = 2 
𝑐4 1 1 1 𝑝4 = 3 
𝑐5 0 1 0 𝑝5 = 1 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 291 

DATA MINING TECHNIQUES FOR GENE EXPRESSION ANALYSIS – A STUDY 

 
M.Thilakavathi, M.Sc. M.Phil., 

Assistant Professor, Department of Computer Applications  
K.S.R College of Arts and Science for Women, Tiruchengode, Namakkal, Tamilnadu  

 
Abstract 

Classification of gene expression data has been exploded in the recent years. This can aid in the development of 
efficient methodology in the field of bio-informatics to be used for tumours diagnosis and behavior. Data mining is an 
effective technique being used in this field. One of the most difficulties facing this technology is the in appropriate 
classification methods that examine composite structure of gene expression data. In this paper, we give a brief 
introduction of gene expression data with experiment and we have made a critical review of major techniques being useful 
in the field of gene expression data with help of data mining. It can be seen that researchers have residential various 
techniques for gene data classification. In addition, they may differ from one to another where as results are still viewing 
the need for enhancement in this field. Some of these techniques are addressed in this paper in term of advantages and 
disadvantages. Accordingly, the deoxyribonucleic acid (DNA) is consider as the maestro of the tumour-derived factors. 
Analyzing changes on the gene expression may give rise for diagnosis development of affected tissues in their early stages. 

For that reason, an ongoing research is addressing the problem of subspace clustering methodologies suitable for high 
dimensional datasets and verify of the new methodologies using apposite datasets, particularly apposite for the analysis of 
gene expression data. In this context, researchers have identified various limitations of these methods particularly in the 
areas of information integration systems, text-mining and bio-informatics. This paper aims too at providing an overview 
of the published literature with a exacting focus on the current status of subspaces clustering for knowledge discovery 
toward tumour diagnosis. This is considered to be an necessary step in attempt to overcome the limitations and provide 
effective statistical model in sense of genetic knowledge discovery. 

 
Introduction 

Data mining study is one of the major tools that can assist in many disciplines. From the last, 

classification of gene expression data has emerged as an active area of research recently.  

Consequently, various techniques are proposed by researchers to improve the conclusion of 

their genetic data analysis.  In [2002], Bellaachia, A. et al. developed a clustering algorithm for 

the analysis of gene expression data. In this sample, the results have exposed a better 

performance than hierarchical algorithm. Following in [2005], Jiang, D. et al. has proposed 

another method based on indexing patterns to make possible clustering methods to look at 

logical patterns in gene expression data. The results have indicated a good agreement with 

other studies.    

However, in both studies additional work is still essential in order to obtain an effective 

technique for mining gene expression with correct classification. This type of method is highly 

optional in the field of bio-informatics to help in diagnosis and treatment of tumours. From the 

above samples, it is observed that classification of gene expression data requires added 

enhancement due to its complexity in term of molecular data structure. 

 

Gene Expression Data: Background 

In order to compare messenger RNA (mRNA) abundance, a typical experiment is being 

practical in two different samples (e.g., treatment versus control), known by microarray 

experiment. The extraction of RNA from the treatment and control cells make use of two 

different fluorescent approaches red dye for the RNA from the treatment population and a green 
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dye for that from the control people. Both extracts are washed over the microarray. Following, 

the array is excited by a laser. If the RNA from the treatment populace is in abundance, the spot 

will be red, if the RNA from the control population is in abundance, it will be green.  If both 

populations are equal then, the spot will be yellow. Thus, the relative expression levels of the genes in 

the populations can be estimated. 

In microarray, the gene expression data set can be noted by the following matrix  M   {  wij  

|1  ≤ i  ≤ n,1  ≤ j ≤ m}, where the rows (G  { g1 ,…,gn } ) from the expression patterns of 

genes, the columns ( S     { s1 ,…,sm } ) from the expression profiles of samples, and wij is the 

measured expression level of gene i in sample j . Thus, M is defined as: 

 
Data Mining Techniques: Background 

Subspace Clustering Technique 

 Due to the high dimensionality of genetic data set, subspace clustering has been introduced 

where it seeks to find clusters in different subspaces within a dataset. Traditional clustering is 

performed by feature selection and removing irrelevant and redundant dimensions by 

analyzing the entire dataset. However, the application of this method is unfortunate and thus 

will hide existing clusters particularly when data is noisy. As given in Parsons and Liu, subspace 

clustering algorithms localize the search for relevant dimensions allowing them to find cluster 

that exist in multiple, possibly overlapping subspaces. From their research, two major branches 

of subspace clustering based are examined. Top-down algorithms where full set of magnitude 

are used to find the initial cluster and evaluate the subspaces of each cluster, iteratively 

improving the results.  Bottom-up approaches where dense regions in low dimensional spaces 

are selected primarily and combine them to form clusters. The following section addresses 

other subspace methods that are currently in use. 

 
Decision Tree Technique 

A decision tree is a predictive model that, as its name implies, can be viewed as a tree. 

Specifically each branch of the tree is a classification question and the leaves of the tree are 

partitions of the dataset with their classification. 

Often times this technique was originally developed for statisticians to mechanize the process 

of determining which fields in the database were actually useful or correlated with the 

particular problem that it was trying to understand.  
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Partially since of this history, decision tree algorithms tend to automate the entire process of 

hypothesis generation and then validation much more completely and in a much more 

integrated way than any other data mining techniques. 

Because decision trees were originally developed to understand simple predictive model, so 

they can’t be used in a wide selection of gene expression data for prediction. Concerning this 

problem, other methods will take place to analyze critical features with data mining. 

Neural Networks Technique 

 Neural networks are very powerful predictive modeling techniques but some of the power 

come at the expense of ease of use and ease of deployment. As we will see in this section, neural 

networks, create very complex model that are almost always impossible to fully understand 

even by experts.  

 
Critical Review 

 Generally classification technique aims to discover and describe classed, categories, or 

groups of objects contained with in data. Some of the classical techniques, such as the k- means 

algorithm and Kohonen nets, assign one class to each object. However this can be a 

simplification, because in some case, objects can be partially assigned to two or more classes. 

Therefore, this problem is address by fuzzy clustering algorithms by allow objects to be gradual 

members of two or more groups or classes. In the following subsections we briefly describe a 

classical clustering method (k-means), two neural methods (Kohonen and growing cell 

structure networks), and a fuzzy-neural hybrid method (fuzzy Kohonen network). In parallel, 

we throw the light on the weakness of these methods. 

K-means Clustering 

 K-means is one of the common studied clustering methods. Following is a sample given by 

Anderberg. He initiates a simple algorithm with certain number of clusters (the parameter k). 

Then, they execute the following: (1) the cluster centroids (k points) are chosen randomly; (2) 

the case are assigned to the clusters depending on there distance to the centoids; (3) next new 

centroids of the clusters are calculated by averaging the positions of each point in the cluster 

along each dimension moving the position of each centroid. This development aims to stop 

changing in boundaries of clusters. Therefore it is repeated from step (2). The performance of 

k- means clustering is highly dependent on the initial seed centroids. Therefore the result of 

this method is often suboptimal. 

Kohenen Networks 

1. This method is also knows as self-organizing feature maps. It consists of input and output 

layer networks that comprised of sensory receptors and of processing units respectively. 

From the Manuals of the data Engine, it is given that “Each processing unit is connected 

with a set of sensory receptors. Accordingly, the lateral interaction between the processing 

units follows a centre-excitatory and surrounding- inhibitory scheme. The latter represents 

a useful tool to implement the local cooperation and global competition between meting out 

units. To optimize the potential complexity of this computation strategy, a logic defined as 
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"winner takes all" is usually applied. Based on this, the winner for a particular input pattern 

is the unit with highest activation. Synaptic weights of the winning unit and those within a 

defined neighborhood are then updated. Arising from this, there is an issue with Kohonen 

networks is that the number of classes that a network can determine is straight related to 

the number of neurons or units in the network. Consequently, the formation of new classes 

is impossible as the integer of the classes is pre- defined and fixed. This issue is addressed 

by the so-called growing cell structures neural networks.  

Growing Cell Structures Network 

 Growing cell structures (GOS) neural networks are a variation of the Kohonen networks. 

Fitzke did in his study Growing Cell Structures: A Self-Organizing Network for Unsupervised 

and Supervised learning.  

Major recompense of the GCS method over Kohonen nest can be presented as followed : 

1. No-predefinition necessary as it is self- adaptive topology which is highly independent of 

the user. 

2. In contrast to Kohonen nets, a GCS net requires only a small number of constant 

parameters and there is no need to define time-dependent or decay schedule parameters. 

3. Construct an incremental and dynamic learning system which is derived from its ability to 

interrupt a learn process or to continue a previously interrupted. 

 
Fuzzy Kohenen Neural Networks 

 As given by Kohonen in his study of Self-organized Formation of Topologically Correct 

Feature Maps.  A Fuzzy Kohonen network is a model that combines the fuzzy sets and Kohonen 

networks. It consists of two parts: Kohonen network and a fuzzy c-means algorithm.  

The use of both techniques aims to overcome some of the shortcomings of each individual 

technique such as the Kohonen learning parameters discussed before. 

Methods’ Limitation 

 The major limitation or problem with methods A, B, C, and D, is the irrelevance of forming 

new classes describing a diverse set data.  

 In connection to gene expression data clustering, SOM method has been recently used in 

some studies.  

 However, it is not effective in term of covering most of genes within a data set. 

 Therefore, it is used by Naoki,Y. et al  in conjunction with K-means clustering in order to get 

obvious clustering boundaries for gene expression data.  

 Accordingly, the results have shown the option to determine the functions of unknown 
genes.  

 Consequently this research will make use of the current clustering techniques, including 

above, and extend them for more advanced method. 

 It also aims to examine a subspace clustering method to examine huge amount of data 

depicted in gene expression of affected bio-tissue. 

 This question paper will provide a useful benchmark to produce a more effective algorithm. 
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Subspace Clustering Methods 

 Recently, subspace clustering methods have been a reach area of investigation for genetic 

data classification. Therefore, an outline of advanced methods of subspace clustering is given in 

this section. In addition, a critical review has taken a place to present weakness of these 

methods. In there survey, Parsons, L., et al have identified two difficulties that challenge 

clustering methods. In high dimensional data, many of the dimensions are often irrelevant. 

These irrelevant dimensions can confound clustering algorithms by hiding clusters in noisy 

data. Second reason that many clustering algorithms struggle with high dimensional facts is the 

curse of dimensionality. As the number of dimensions in a dataset increases, distance measures 

become increasingly meaningless. Additional dimensions spread out the points until, in very 

high dimensions. As resultant they are almost equidistant from each other. In Figure 1, 2, and 3, 

Parsons observed a progressive decrease of the portion of the points when extent are 

increased. It can be seen the distribution of 20 points between 0 and 2 dimensions. 

Fig.1 Eleven objects in one unit bin (by Parsons, L. [4]) 

 
Fig.2 Six objects in one unit bin 

(by Parsons, L. [4]) 

 

Fig.3 Four objects in one unit bin 

(by Parsons, L. [4]) 

 
This thought has been although proved by Jiang, D. et al, in their review, studies show that in 

high dimensional data set, distance among features becomes meaningless. One of the commonly 

used method to measure the distance between two data objects is the Euclidian distance. This is 

defined as: 

Euclidian(Oi , Oj )  =       (1) (by Jiang, D. et al) 

 

where 
oid is  the  value  of the  dth  feature  of  the  ith data object and p is the n.umber  of the 

features. Object is defined as a numerical vector Oi = {oij|1    p} 

However, in data gene expression, the individual magnitudes of each feature are not 

meaningful. Therefore, the overall shapes of the gene expression patterns are of greater 

(o  o 

p 

id jd )2 

d 1 
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interest. To measure the connection the shapes of two expressions patterns, Pearson’s 

correlation coefficient is used. This is defined as follows: 

 
 (2) 

 

(by Jiang, D. et al) 

Where   
oi and   

oj   are   the   means   of 
Oi   and 

Oj , respectively. With Pearson’s 

correlation coefficient, each object is viewed as a random variable with observations and the 

similarity between two objects is measured by calculating the linear relationship among the 

distributions of the two corresponding random variables. This coefficient have proven effective 

as a similarity measure for gene expression data . However, empirical study has shown that it is 

not robust with respect to outliers , thus potentially yielding false positives which assign a high 

similarity score to a pair of dissimilar patterns. If two patterns have a common peak or valley at 

a single feature, the correlation will be dominated by this feature, although the patterns at the 

remaining features may be completely dissimilar. Toward addressing these challenges, method 

called geometric hashing for comparison of 3d geometric structures was proposed by Tan and 

Tung, in which he argues that finding clusters of molecules satisfying a required property is 

more important than finding precise structural difference between pair of molecules. 

In 2005, a new framework have  been proposed by Kriegel, H. P. et al, which is base on an 

efficient filter refinement architecture that scales at most quadratic with respect to the data 

dimensionality and the dimensionality of the subspace clusters. Major advantage of this 

framework is that it can be applied to any clustering notions including notions that are based 

on a local density threshold. A broad experimental evaluation on synthetic and real-world data 

empirically shows that this method achieves a major gain of runtime and quality in comparison 

to state-of-the-art subspace clustering algorithms.  This framework also shows  that  the  gene 

shows  that  the  gene expression datasets is not highly addressed. From here is the obvious 

need for meaningful biological subspace clusters. Gan, G. & Wu, J. has also designed an iterative 

algorithm called SUBCAD for clustering high dimensional categorical data sets, based on the 

minimization of an objective function for clustering. They deduced some cluster memberships 

changing rules using the objective function. The subspace associated with each cluster is also 

achieved making use an Objective function. They proved various properties of this  objective 

function that are essential for us to design a fast algorithm to find the subspace associated with 

each cluster. Finally, they carried out some experiments to show the effectiveness of their 

proposed method and the algorithm [20]. A major problem that is challenging this method is 

that it required the number of clusters as input. Finally, subspace clustering is still an open area 

for more contribution from researchers. We will be exploring all the listed clustering methods 

to select the most fitting method and refine the existing methodologies to look up prediction 

and detection of affected tissues. 
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Ongoing Research 

As explained in the previous sections, traditional clustering methods take all the 

dimensions of an input dataset. As noted, high dimensional data generally includes irrelevant 

dimensions which can mask existing clusters particularly in noisy data. This is particularly the 

case in applications such as occurring in gene expression data. There have been a number of 

approaches, to address the problems arising from this high dimensionality, such as subspace 

clustering and self organizing maps. Primarily, we conduct a survey on methods on 

dimensionality reduction in general and then study how this applies to gene expression sub 

domain. However researchers have identified various limitations of these methods particularly 

in the areas of information integration systems, text-mining and bio-informatics. In the bio-

informatics domain, existing methodologies for gene expression analysis are an ongoing topic 

focusing on disease diagnosis. Addressing this intrinsic problem, various approaches have been 

developed. This study will contribute to this body of knowledge in developing new data mining 

methodologies for this domain. 

As an ongoing research we investigate the problem of subspace clustering methodologies 

suitable for high dimensional datasets, particularly suitable for the analysis of gene expression 

data. This includes identifying and developing appropriate techniques and fine tuning of the 

methodologies for this domain. It is also anticipated that this research will include potential 

applications in clustering methodologies applicable to other high dimensional areas. By 

addressing the research problem, the following set of methodology will be developed: 

 Identify apposite clustering technique in a domain specific context, such as DNA dataset 

analysis 

 Analyze and select appropriate techniques and fine tuning to suit gene expression data 

 budding improved methodologies, techniques and tunings extended to general 

applications 

 Verifications of the new methodologies using appropriate datasets.  

 
Conclusion 

Following our critical review, we observed among numerous studies that various data 

mining techniques are presently in use in order to develop an proper methodology for effective 

gene expression data classification. However, the last may requires further investigation in 

term of gene data optimization and removal of all redundant data. From this, an ongoing 

research is taken place to get better subspace clustering technique for gene expression data 

classification. 
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Abstract 

 Healthcare data is quite rich and often contains human survival connected information. Analyzing healthcare 
data is of prime importance mostly considering the immense potential of saving human life and improving quality of 
life. Furthermore, IoT revolution has redefined modern health care systems and management. IoT offers its greatest 
promise to deliver brilliant progress in healthcare domain. In this talk, proactive healthcare analytics purposely for 
cardiac disease prevention will be discussed. Anomaly detection plays a high-flying role in healthcare analytics. In 
fact, the anomalous procedures are to be accurately detected with low false negative alarms often under high noise 
(low SNR) condition. An exemplary case of Smartphone based cardiac anomaly detection will be presented which 
depicts the potential benefit of the ubiquity of Smartphone in realizing affordable and pervasive m- health. 

Keywords: Anomaly detection; m-health; IoT; heart monitoring; analytics. 

 

Introduction 

 Data analysis plays an important role for successful realization of IoT systems and 

services. IoT delivers different services ranging from transportation to banking; healthcare 

to smart energy production through large number of heterogeneous sensors integrated by 

a complex architecture. In order to uncover the complex patterns and insights, complex 

data mining and analysis are to be perform. A simple solution for real-time sensor analysis 

using event dispensation and clustering is presented. However, IoT systems and services 

agnostic to basic applications and sensors are still at infancy. In generalized view IoT 

analytics architecture, we notice that multiple sensors are connected with edge gateway 

(typically smartphone, energy gateway or home gateway) which normally connects IoT 

platform through Internet. While edge gateway provides local analytics and initial data 

mining operations like data cleaning/ preprocessing, main data mining operation is 

performed at IoT platform, which is usually a cloud based system. However, for smaller or 

specific IoT operations all kinds of analysis are done in edge gateway only eradicate the 

costly IoT platform. Another conspicuous factor is the heterogeneity of the sensor devices 

in terms of sensing parameter, semantics as well as syntax; even we can find contextual 

variability of sensor information explanation. Hence, edge gateway can be multiple in 

number to cater the heterogeneity of underlying sensor world for delivering specific 

services. 

 One of the important domains of IoT applications is healthcare. The ubiquity of 

smartphones, cheaper storage, highly powerful edge-processors enable in-house, remote 

as well as preventive healthcare a near-future reality. We envisage that IoT has the potential 

to revolutionize the healthcare system and provide giant healthcare profit to the human 

world which can range from drug discovery, predictive analysis of disease, outbreak early 

warning, preventive healthcare and monitoring and lots more. Our main spotlight is to 
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discuss the role of anomaly detection in healthcare systems and to find out the applications 

and role of anomaly detection to ensure robust healthcare ecosystem, better prognosis and 

survivability which is affordable and has greater impact. 

 Affordable and ubiquitous health analytics can be conveniently developed and 

deployed in conventional smartphones as depicted in figure 1. There are number of 

sensors like GPS, PPG (through camera), magnetometer, accelerometer available in 

smartphone and robust healthcare analytics can be implemented integrating these 

heterogeneous sensors mainly for in-house, remote or on-the-go health provision 

monitoring, exercising planning and other useful health-related activities. 

Fig.1 Healthcare analytics architecture showing heterogeneity of sensor devices, 

different deployment and functional layers, deployed in a typical smartphone 

 

Anomaly Detection in Iot Systems 

 Anomaly is that portion of data that do not 

conform to the rest of the data or does not follow 

the expected trend or characteristics. In fact, 

anomaly detection is of utmost importance 

because of the significant in order and interests 

are embedded in anomalous events. For example, 

when some individual’s smart meter data 

suddenly shows of considerable energy consumption at mid-night, a case of privacy alert is 

generated and that individual’s energy consumption data has to be appropriately 

obfuscated. In another use case (medical domain), presence of malignant tumor can be 

inferred from anomalous MRI image or cardiac problem can be detected from anomalous 

ECG trace. 

 In an IoT systems sensor reads the states of physical world and when such information 

is normal data mining or knowledge discovery does not yield interesting results or 

patterns because of the absence of additional information. However, anomalous sensor 

data contains richer information and capturing irregular events would be related to some 

significant events like credit card fraud detection, deteriorating health condition, 

mechanism fault detection, theft detection, and many others. Anomaly detection also plays 

significant role while providing different IoT services like data privacy, sensor data 

compression. 

 Another factor is data (biomedical image or signal) quality is a critical factor for real-

time remote health monitoring, which requires strict Quality of Service (QoS) 

maintenance throughout the connection. 

Anomaly Detection in Healthcare Analytics 

 It is presumed that IoT tsunami would revolutionize the healthcare systems. From 

remote health monitoring, affordable healthcare, to deterrent management of diseases, 

wellness management, tele-rehabilitation, IoT would repair the healthcare systems 
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worldwide. Healthcare analytics would not only bring out insight of disease and drug 

discovery, it has the potential to add new dimension. Most of its impact would be on: 

 Electronic Health Records (EHR) maintenance and retreival 

 Robust privacy preservation 

 Medical image analysis 

 Image processing and analysis 

 Biomedical signal analysis 

 Signal processing 

 Affordable and remote healthcare system building with constraint 

infrastructure 

 IoT infrastructure 

 
Electronic Health Records (HER) Maintenance and Retreival 

 Patients’ digitized health records, clinical findings, doctor’s prescription are stored as 

EHR. It is related to real-time retrieval, availability and safe storage of health records in 

privacy preserved form, where different privacy- preserving techniques like attribute-

based encryption, anonymization are urban and implemented. 

 
Medical Image Analysis 

 In order to understand the internal anatomy, organs, different biomedical imaging 

techniques are used. Computed Tomography (CT), Magnetic Resonance Imaging (MRI), 

Ultrasound Imaging (USG) are most popular imaging procedures. In order to infer or start 

diagnostic actions, medical practitioners look for anomalous organ pattern, mass or other 

irregularity. One of the prime challenges is to remove noise and clutter from the extract 

image. Till date, doctors manually view the image and understand the condition. The 

ongoing research motion is to augment the view of the doctor as well as to enrich the 

overall interpretation process. Object detection and noise removal, image segmentation, 

feature extraction and classification, 3D image processing, followed by robust anomaly 

detection method would result in intelligent and smart biomedical image analysis. For 

example anomalous brain region may correspond to Alzheimer disease. 

 
Biomedical Signal Analysis 

 Different signal sources of human body like heart, brain, gastrointestinal systems emit 

audio, electrical and other sensory signals, e.g. Electrocardiogram (ECG), 

Photoplethysmogram (PPG), Electroencephalogram (EEG), Electrogastrogram (EGG). 

These signals contain vital in order regarding human body, particularly about the health of 

concerned body parts and organs. 

 These signals require various preprocessing specifically for noise removal, filtering for 

compact frequency domain analysis, feature extraction and temporal/ frequency domain 

analysis and anomaly detection as shown in figure 2. Although preprocessing and feature 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 302     K.S.R. College of Arts and Science for Women 

extraction play vital role, the decision process is completely dependent on the kindness of 

anomaly detection method. 

Fig.2 Biomedical signal analysis 

  

Different anomaly detection methods are available in the 

literature. In fact, anomaly detection is a rich field. There are 

extreme value analysis, proximity-based model, and 

probabilistic analysis. Most of the biomedical signals are 

dominant in sequential domain. So, temporal anomaly 

detection techniques require the attention. Broadly there 

are two types of temporal anomalies: Point anomalies and 

Sequential anomalies. Sequential anomalies are 

predominant in bio medical signals. For example, Atrial 

Premature Contraction occurs for few milliseconds and can 

be found as an anomalous region in ECG trace. Authors in 

described cardiac anomaly detection use ECG trace, where 

Undecimated Wavelet Transform (UWT) techniques along with Bayesian Network 

Classifier model is proposed to detect Premature 

 Atrial Contraction (PAC), Premature Ventricular Contraction (PVC) and Myocardial 

Infarction (MI). Anomaly detection in brain activity is another necessary research area. 

Power spectra analysis of EEG signals to determine anomalous motion of neurons have 

been discussed in. Extreme value analysis for early detection of cardiac abnormality is 

reported. 

 In case of healthcare or particularly medical applications, broadly two types of anomaly 

detection methods are used: Unsupervised learning and supervised learning. In the 

absence of training datasets, unsupervised learning method is used. It is of specific 

importance in unknown disease detection, newer drug discovery, fault diagnosis 

recognition. Supervised learning based anomaly detection techniques are of practical 

importance owing to the presence of annotated datasets  and expert knowledge. 

 One of the readily available health conditions (cardiac- related) is PPG signal that is 

extracted from the video of fingertip. PPG contains vital signature of cardiac health. 

Anomaly detection using supervised learning like k-nn (k- nearest neighbor) way to derive 

arrhythmia order from PPG signal is presented. 

 
Affordable and Remote Healthcare 

 Revolution of IoT-healthcare is its ubiquitous access and affordability. Smartphone is 

the foremost choice as the edge platform. The inbuilt sensors like camera, accelerometer, 

magnetometer, and microphone are sufficient enough to capture basic cardiac-signals like 

PPG, heart sound. Robust local analytics would provide good first level health condition 

detection. Robust anomaly detection engine as part of healthcare analytics app would 
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enable early and timely detection of few critical diseases as it is depicted in that using only 

Smartphone, fatal cardiac condition like arrhythmia can be intelligibly detected. 

 
Big Data Mining in IoT Healthcare 

 Vast amount of biomedical literature, journals, clinical notes are available in 

unstructured form. Massive mining such data with multi-dimensional anomaly detection 

has the ability of unearthing huge information. This would augment the medical 

practitioner’s knowledge and more knowledgeable and expert-like decision could be taken 

smooth by semi-trained individual particularly in response to medical emergency. 

 
Predictive Analytics in Healthcare 

 Predictive modeling to provide impetus to diagnosis and prescription of medicines is a 

critical requirement of near- future healthcare analytics. It is also required for preventive 

healthcare and early on diagnosis of diseases with fewer amounts of available symptoms. 

Sophisticated machine learning techniques, powerful supervised learning like Bayesian 

Belief Networks, deep learning are few of the techniques to be investigated. It is found that 

multiclass logistic regression, cost-sensitive learning, strengthening learning with 

appropriate survival model would help in improving the accuracy and precision of clinical 

predictions. 

 

Discussion and Conclusion 

Healthcare analytics is a challenging task. However, the advent of IoT ushers a new 

dimension to the development of practical, affordable and easy-to-use healthcare 

solutions. Anomaly detection is an important component of healthcare analytics. In fact, 

anomalous regions are the portions in biomedical signal, image or sample health 

restriction data that are of practical interest to the medical professionals. This area of 

research has drawn considerable attention and has much to offer to human fraternity. One 

of the prime goals would be to minimize the error in diagnosis, maximize the early 

detection of diseases, better prognosis, and make healthcare affordable, easy-to-use. 
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Abstract 

Processing of cross sectional view of a wood that predicts the age and its weather impact by using convolution 
theorem and SVM classifier. The cross sectional view of a wood (X-Ray image) is extracted from the tree and it is given as 
an input. Image is processed and converted into gray scale image in order to remove the noise which present in the cross 
sectional view of an image. The extracted image is converted into vector. Vector contains many tree ring structure, distance 
between two tree ring structures is predicted using distance calculation. Input image is matched with the trained image. 
Image stored in the database is classified using SVM classifier based on the distance between two tree ring structure. If the 
input image matches with trained image, it will retrieve age, weather impact and outer layer thickness of the wood The 
distance between two tree ring structure is used to classify and analyze age, weather impact and outer layer thickness of 
the wood by using SVM classifier. In the existing system two layered laminated wood is taken and processed. The 
laminated wood is pre-processed and it leads to wastage so the quality of wood cannot be predicted accurately. Two 
layered laminated wood contains more processing which is time consuming. 

Key words: X-ray images, Support Vector Machine classifier, Convolution theorem, Vector, Euclidian distance, Tree ring 

structure. 

 
Introduction 

The grain of the two laminates is parallel. Such a product has high surface hardness due to 

the use of densified wood and can be fabricated at a lower cost than a symmetric, three-layer 

laminated wood product (i.e., D–V–D). One of the application two-layer laminated wood 

product is flooring. However, warp of such an asymmetric laminated wood product (e.g., cup, 

crook, and bow) would appear due to its asymmetric structure in both material properties and 

geometric profile, causing a critical issue that significantly degrades the appearance quality of 

its end-products. Considering the laminated wood product, cupping in the cross-section of the 

layered system is the most probable type of warp because of larger swelling/shrinkage 

coefficient differential between two wood layers in the transverse direction than the 

longitudinal (L) direction. The degree of cupping varies with the fluctuations of the 

surrounding temperature and moisture, which is defined as the distance from one top point to 

the line linked by two end points of a convex curve. Cupping in strip hardwood floor board 

shall not exceed 1.58 mm (1/1600) in height in a 76.20 mm (300) maximum span measured 

perpendicular to the long axis of the board. The Measures of the cupping values of three types 

of three-layer cross-laminated and two types of two-layer cross-laminated wood flooring 

using a dial gauge. The cupping of two-layer cross laminated wood flooring was larger than 

that of three layer wood flooring. 

In the existing system CT scanner images are used. Binary map is used for computation 

which increases the complexity. It fails to predict the life span and weather impact on wood. 

The quality-related wood properties that should be monitored, density and moisture content 

are two of the most important because they affect the efficiency of manufacturing processes. 
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For example, moisture content should be known to optimize the drying process or log 

inventory management. Density is related to stiffness and can be used to maximize fiber 

quality when bucking. Also, knowledge of the position and size of internal log defects, such as 

knots and decay, is required for optimizing log sawing that brings lumber value improvement, 

ranging from 3% to 28% depending on the species. To accurately control product quality 

before or during processing, there is the need of nondestructive real-time scanning of both the 

macroscopic and microscopic structure of wood properties. Currently, there are several 

nondestructive technologies that use X-ray, gamma-ray, neutron, optical (visible and near- or 

shortwave infrared), thermal infra-red, microwave, ultrasound, radiofrequency, and magnetic 

resonance radiations. To reach deep wood layers, the radiation should have either a 

wavelength that is long enough or an energy that is high enough to penetrate the material. 

Microwave, ultrasound, and magnetic resonance radiations have wavelengths that are long 

enough (on the order of 10–2 m) to penetrate the wood material, but at the same time, they 

are not able to detect microscopic wood structures. 

In the proposed system cross sectional view of the wood is taken and analyzed. The aim of 

the study is to find out age, weather impact and outer layer thickness. This approach can be 

implemented by using SVM (Support Vector Machine) classifier model. Initially, set of related 

images are trained into the database. This model is used to analyze and classify the pattern 

from the image. This extracted pattern will be matched with the trained images in database. 

Finally, similar images are retrieved and displayed as output. In addition, it determines the life 

span of the wood, weather impact on the wood, thickness of outer layer of the wood, and 

finding out whether the wood is useful or not, if there is any crack in the wood. This weather 

prediction works based on distance calculation. Our system use Euclidian distance calculation. 

Hence, our proposed work overcomes the drawback of existing system and results in high 

efficiency and performance in low cost. 

 
Literature Review 

A Study of Image Processing in Analysing Tree Ring Structure P.Meenakshi Sundari and 

S.Brittoramesh kumar (2014) have described the design and implementation of an interactive 

image analysis system for dendrochronology, tree ring structure. Image processing has 

various application fields such application is tree ring analysis. It determines the living period 

of trees and all the factors affecting the tree. Image analyses transform the tree ring into digital 

data using processing software. This process includes resizing, density slicing, measuring 

(distances and angles), scaling, and stacking. Software are available for analyzing the factors of 

various trees ring patterns. 

Radio carbon dating is used to find the age of the tree. 

Three major steps for tree ring analysis include: 

 Pre-processing- It involves removing noise, Skeletonize, Cleaning 

 Finding the Center 

 Generating Profile – Using the above 
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Skeleton structure, the profile of tree ring is generated. In that profile, we can get the following 

details. Using the above skeleton structure, the profile of tree ring is generated. In that profile, 

we can get the following details,  

1. Number of rings 

2. Path per image 

3. Ring features 

4. Density analysis 

5. Light reflection etc. 

The measurement of tree rings would allow us to understand the past climate and help us 

to predict drought and flood over a period of years, which would provide economic 

advantages for the agriculture. 

 
Numerical prediction of engineered wood flooring Deformation 

Pierre Blanchet et al. (2005) stated that the dimensional stability is primary importance in 

the use of layered wood composite such as engineered wood flooring. It is largely due to the 

physical and mechanical propagating and moisture content change of each layer. The objective 

of this study was to develop a finite element model of the hydro mechanical cupping in layered 

wood composite floor. This model is based on two set of equation, 

1. 3-Dimensional equations of unsteady state moisture diffusion. 

2. The 3-Dimensional equations of elasticity including the orthotropic hook’s law, which 

takes into account the shrinkage and swelling of each layer. 

The objective of this paper is to present an application of the finite element method used 

to simulate the behavior of engineered wood flooring and to demonstrate its potential in 

design. This model was solved by finite element method and the calculated cupping was 

validated against experimental data. 

It was predicted and measured deformation roughly 80% of the applying deformation 

appears after 3 days of conditioning. 

Here using the three dimensional equation of equilibrium given, 

Experimental results demonstrate that the finite element modeling approach can be used 

to predict the deformation of engineered wood flooring strips subjected to non-homogeneous 

moisture transfer. 

The model presented in this study appears to be a useful tool for design purposes. 

Different materials and geometries can be assessed to investigate different strip constructions. 

Future work will include the modeling of the impact of a varnish layer applied to the top 

surface on the strip behavior. Also, it may be of interest to investigate UF resin properties in 

more details in the future given its importance in the behavior of the composite. 
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Identification of Log Characteristics in Computed Tomography Images Using Back-

Propagation Neural Networks with the Resilient Back-Propagation training Algorithm 

and textural Analysis 

Qiang wei et al. (2008) addressed the feasibility of identifying internal log characteristics 

in computed tomography (CT) images of sugar maple and black spruce logs by means of back-

propagation (BP) neural networks with a resilient BP training algorithm. Five CT images were 

randomly sampled from each log. Three of the images were used to develop the corresponding 

classifier, and the remaining two images were used for validation. The image features that 

were used in the classifier were gray level values, textual, and distance features. The important 

part of the classifier topology, ie the hidden node number, was determined based on the 

performance indicators: overall accuracy, mean square error, training iteration number, and 

training time. For the training images, the classifiers produced class accuracies for heartwood, 

sapwood, bark, and knots of 99.3, 100, 96.7, and 97.9%, respectively, for the sugar maple log; 

and 99.7, 95.3, 98.4, and 93.2%, respectively, for the black spruce log. Overall accuracies were 

98.5% for sugar maple and 96.6% for black spruce, respectively. High overall accuracies were 

also achieved with the validation images of both species. The results also suggest that using 

textural information as the inputs can improve the classification accuracy. Moreover, the 

resilient BP training algorithm made BP artificial neural networks converge faster compared 

with the steepest gradient descent with momentum algorithm. This study indicates that the 

developed BP neural networks may be applicable to identify the internal log characteristics in 

the CT images of sugar maple and black spruce logs. 

 
Bridging tree rings and forest inventories: How climate effects on spruce and beech 

growth aggregate over time Brigitte Rohner, Pascale Weber et al., (2016) stated that tree 

growth is strongly influenced, among other factors, by climate. Much knowledge regarding 

climate–growth relationships has been gained by studying tree rings. However, sufficient tree-

ring data is rarely available if climate effects are required to be representative for large spatial 

scales, for example, in order to be used in scenario models to estimate forest development 

under climate change. Alternative data sources include large-scale forest inventories, although 

these usually provide lower temporal resolutions than tree rings. How climate growth 

relationships aggregate over time becomes relevant. Picea abies et al. Fagus sylvatica, 

evaluated which part of the year (spring, summer, vegetation period, whole year) and whether 

mean or extreme climatic conditions within inventory intervals should be taken into 

consideration. A three step approach was used: 

1. We used response functions to quantify the effect of monthly precipitation and 

temperature on annual basal area increments. 

2. We temporally aggregated the annual basal area increments to hypothetical intervals of 

five and ten years, and correlated them with climate means and extremes – from different 

parts of the year – within the aggregated intervals. 
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3. We fitted linear mixed-effects models to simultaneously quantify the effects of the climate 

variables, site characteristics and the years of the hypothetical inventories. The results did 

not generally differ between both species. 

 
Methods 

1. Study sites 

2. Data collection and processing 

 Tree-ring data 

 Climate data 

 Temporal aggregation 

3. Statistical analyses 

 Responseofannual growth to monthly climate 

 Climate–growth correlations at lower temporal resolutions 

 Linearmixed-effects models 

In light of the present study, the following recommendations regarding the choice of climate 

variables for inventory-based growth studies can be made: 

 Taking into account climate information over the whole physiological year appears to be 

preferable to focusing on parts of the year only, in particular the vegetation period. For 

precipitation, conditions in spring were found to be the best alternative. 

 Whether climate means or extremes are considered appears to be less important than the 

decision regarding the part of the year to be considered, in particular for temperature. 

Focusing on means appears to be a meaningful choice. 

 The identified climate–growth relationships are not likely to generally depend on the years 

in which the inventories take place. 

 The above insights do not generally differ between interval lengths of five and ten years. – 

The above insights do not generally differ between P. abies and F. sylvatica under the 

investigated growth conditions. 

 
Tree Preservation Order and Its Role in Enhancing the Quality of Life 

Ramly Hasan, Noriah Othman et al. Raziah Ahmad (2016) proposed that trees are an 

important part of human community especially in the urban area. They can help to define the 

character of an area and create a sense of place. The deep enthusiasm for trees as an integral 

part of an urban environment is evident, thus protecting trees with aesthetic and a high 

amenity value is part of a good sustainable practice. This study is to analyze the 

implementation TPO in tree management practice through interview and survey. 

Consequently, the results show that 80% of the respondents considered TPO were not fully 

utilized during proposed landscape design. 

Trees contribute to preserving and purifying the environment (Farahwaheeda et al., 2009) 

and their leaf shapes, colorful flowers, fruits and attractive forms in creating a beauty 

landscape. As living thing, the characteristics of the trees are changes with the periods from 
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year to year. Mostly, trees give a lot of the positive impact on human life. In addition, they give 

beneficial to the community in creating a sense of well-being and reducing stress. The role of 

trees that will enhance the quality of human life can be classified as follow: 

 
Social 

Humans were planted trees to provide shade and create beauty scenery. They feel 

peaceful, serene and tranquil in a grove of trees. The effect of urban greening will reduce the 

stress levels in the workplace, workers are more productive and reduce absenteeism problems 

(Mohd Akmal and Noriah, 2011), calm traffic and reduce crime in town areas. Urban trees 

make walking spaces safer as they protect the pedestrians from traffic. It also can be buffer 

sound and reduce noise pollution. 

 
Environmental 

Trees improve the lifestyle by moderating local climate, reducing storm water runoff, 

improving air quality, protecting wildlife and attractive to birds (Suria et al., 2013). Planted 

trees in urban areas give the good effect on local climate such as moderated from rainfall, wind 

and sun direction. Planted trees in development area can moderate the heat-island effect that 

caused by the material of pavement (Jennifer et al., 2014) and glass buildings. Air quality will 

improve through leaves filter the air human breathe by removing dust and other particulars. It 

also absorbs the air pollutants such as carbon monoxide, ozone and release the oxygen. 

Furthermore, leaves can absorb the carbon dioxide during the process of photosynthesis and 

store the carbon as human growth. 

 
Aesthetic and health 

Human depend directly or indirectly on trees. Besides beauty and gives fragrant to 

surroundings, trees have a lot of aesthetic and health values. When planting trees will create a 

sense of tranquility and community feel calm in a town. Subconscious or conscious, trees have 

a great effect on a community. The functions of trees planted as healing purposes. In Focus on 

Malay world, plants for medicinal are highly stated and as a healthy source in life (Normiadilah 

and Noriah, 2010). It can be proof when patients in a hospital are rapidly recovered when 

their room offered a view of trees. Otherwise, trees can help create a recreational space that 

can enjoyed by walkers, runners and cyclist. Plant trees in park areas can reduce blood 

pressure and control the emotional and psychological of human’s health. 

 
Economic 

Trees increase in value as they grow. The economic value of individual trees can be 

determined from the age, size, species, condition and function of the trees. In Malaysia, have a 

lot of trees collection which has a high value and need to preserve. Planted mature and fruit 

trees in development such as in commercial and housing area will increase the property 

values. Planted a tree in urban areas are a good investment because they return more benefits 
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than the plants value. In urban developments, preserving trees will increase the project 

attractiveness and give the functional and aesthetic value. When preserve the trees in 

development areas, the value of the land or buildings can be sold with quickly and higher 

prices. It can be proof that research has shown that mature trees increase the worth of a 

property up to 12 percent (William and Henry, 2005). 

From the research above can be deduced that the knowledge of TPO in Malaysia at the 

intermediate level. It clearly can be seen from the results of conducted by researchers. To 

solve the problems, related parties should have greater awareness of the implementation of 

TPO. Local planning authority needs to do the discussion and develop a standard guideline 

that can be used for all local authority. For long term implications, develop a standard 

guideline will facilitate the process of trees preservation and to prevent the confusion between 

local authority and other parties such as contractor, developer and consultant. 

 
Experimental Research 

In this, cross sectional view of the wood and its ring structure is taken and analyzed.  

This approach can be implemented by using SVM (Support Vector Machine) classifier model. 

Initially, set of related images are trained into the database. This model is used to analyze and 

classify the pattern from the image. This extracted pattern will be matched with the trained 

images in database. Finally, similar images are retrieved and displayed as output. In addition, 

it determines the life span of the wood, weather impact on the wood, thickness of outer layer 

of the wood, and finding out whether the wood is useful or not, if there is any crack in the 

wood. 

 
Image Pre-processing 

Generally, the captured x-ray image is given as an input. It has various type of noises. 

Those noises affects the edge detection accuracy in the wood image. The color image consists 

of three combination Red, Green, Blue. In Matlab, if any image is given as an input, it is stored 

as a matrix format and matrix consists of number of rows and number of columns. Processing 

of color image is difficult so we are converting the age into an grayscale image in order to 

reduce the noise. There are many inbuilt filters in MATLAB like median filter, standard 

deviation filter, averaging filter etc. In this work, we are using median filter to remove the 

noise. The median filter is a nonlinear digital filtering technique, used to remove noise. Such 

noise reduction is a typical preprocessing step to improve the result of later processing(for 

example, edge detection on an image).It preserves edges while removing noise. 

The aim of pre-processing is an improvement of the image data that suppresses unwanted 

distortions or enhances some image features important for further processing. In pre-

processing, the two data formats (*.avi and *.jpg) are most convenient for data processing. 

Loading and showing a sequence of cross sectional view of wood images previously saved 

in the folder in *.jpg format to Matlab can be done using the following code: 

The matlab command for reading an image is, 
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>> imread(‘filename’); 

Note that we suppress the output with a semicolon, otherwise we will get in the output all 

the numbers that make the image. ‘filename’ is the name of a file in the current directory or the 

name of a file including the full path. 

>> f = imread (‘*.jpg’); 

We now have an array f where the image is stored. 

To display the image we use imshow >> imshow(f); 

 
 Immediately loading the image into Matlab, the image is converted 

into grayscale image, because the image noise may be termed as random 

variation of brightness or color information. 

The Matlab command for converting a color image into grayscale 

image is, 

>>img = rgb2gray(f); 

 

Grey scale transformations can be performed using look up tables. 

This transformations are mostly used if the result is viewed by a human. 

 
Typical grey level transform…histogram equalization is usually found automatically 

  
 

An example small image (left), Kernel (right) 

Canny edge detection require some 

method of filter out any noise and still 

preserve the useful image. Convolution is a 

simple mathematic method to many 

common image-processing operators. 
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 Convolution operation is performed by sliding the kernel or mask over a grey-level image. 

It is useful for bluring, sharpening, edge detection and more. The kernel starts from the top left 

corner and moves through entire image within image boundaries. Each kernel position 

corresponds to a single output pixel. Each pixel is multiplied with the kernel cell value and 

added together. 

1 Example for pixel value at position 57 below: 
O57 = I57K+I58K12+I59K13+I67K21+I68K22+I69K28 

Mathematically we can write: 

m n 

O (i, j) = ∑ ∑ I (i+k-1, j+l-1) K (k, l) 

k=1 l=1 

The output image will have M-m+1 rows and N-n+1 columns, M image rows and N image 

columns, m kernel rows and n kernel columns. The output image will be smaller when 

compared to the original image. This is due to the bottom and right edge pixels, which can’t be 

completely mapped by the kernel therefore m –1 right hand pixels and n-1 bottom pixels can’t 

be used. 

 
Edge Detection 

In this module, detecting all edges of wood image using a canny edge detec1tion that 

produces a binary edge map. Then, extracting all edges from the edge detected image using a 

curvature scale space method. Next, calculating the curvature at a fixed low scale for each edge 

to retain the true end points, and regarding the local maxima of absolute curvature as end 

point candidates. Finally, determining a threshold adaptively according to the mean curvature 

within a region of support, and removing bad end points by comparing the curvature of end 

point candidates with the adaptive threshold. 

MATLAB provides a general edge detection command that is sensitive to horizontal or 

vertical edges or both. The general syntax for this function is 

g = edge (f, ‘method’, parameters) 

where f is the input image, method gives to the edge detection algorithm used, and 

parameters gives the parameters that accompany the algorithm. g is binary image where edges 

have a value of 1. 

The most powerful edge detector is the Canny edge detector provided by the function 

edge. The Canny edge detector incorporates information about the direction of the image 

gradient in determining whether a givel pixel is an edge pixel. It also has two thresholds, a 

weak threshold T1 and a strong threshold T2>T1. The Canny edge detector gives good edge 

detection for biological images, which are typically noisy and have less well-defined edges. 

BW = edge (I, ‘canny’, THRESH, SIGMA) Where THRESH is a two element vector in which the 

first element is the low threshold, and the second element is the high threshold. SIGMA is the 

standard deviation of a Gaussian filter that is applied to the image prior to edge detection. 
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The fundamentals of the algorithm for locating the edges are briefly described as follows: 

1. Apply the Canny edge detector to the grey level image and obtain a binary edge map. 

2. The canny edge detector first smoothers the image to eliminate noise. 

Image Segmentation using the canny method 

 

3. In this case, the median filter is the best option 

due to its characteristics, mainly the ability to remove 

noise. Median filter, which has its own implementation 

in Matlab. Matlab also has a function to generate noise 

in an image. We will see how to corrupt an image (with 

imnoise) and how to try to restore it with a median filter. 

g = medfilt2 (f, [m,n] ) 

where f is the input image, m&n are the parameters. 

4. The extracted grey scale image is converted into vector. For gray-scale images this is a 2D-

matrix, for RGB-JPEGs this is a [Width x Height x 3] array. 

The Matlab command for converting an image into a vector by, Imgvector = Img (:); 

%convert array 

‘Img’ to vector ‘Imgvector’. 

5. Vector contains many circles, distance between two circles is predicted using Euclidian 

distance calculation. 

6. Distance is used to classify and analyze age, weather impact and outer layer thickness of 

the wood by SVM classifier. 

 
Wood Dataset storage 

This module explains the process of capturing x- ray wood images with various positions. 

Initially, there are two types of wood is considered such wet and dry tree. The laser x-ray 

device is used to capture the images as circle form. The each wood image is have a various 

levels of grains. 

 
Age and Weather analysis 

In this module, the extracted curve lines are used to measure the weather level and age of 

the wood. The curve includes more nearest then the tree considered as the hotspot wood 

otherwise the tree consider as rainforest tree. Also, the tree age is measured by using counted 

curves. The each curve represents the year of tree. 

 
Finding thickness and quality of wood  

 In this module, the extracted curve lines are used to measure the outer layer thickness of 

wood. In extracted image, if the depth of the crack is high, then the wood quality is considered 

as low. Otherwise, if the depth of the crack is low, then the wood quality is considered as high. 
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Conclusion 

The purpose of the project is to find out the quality of the wood and also to avoid timber 

theft. Because the value of timber depends on the species, the quality, the length, and the 

diameter of the log. This approach can be implemented by using SVM (Support Vector 

Machine) classifier model. The measurement of tree rings would allow us to understand the 

past climate and help us to predict drought and flood over a period of years, which would 

provide economic advantages for the agriculture. The science of tree ring dating known as 

dendrochronology, provides techniques for the precise dating of trees. In order to effectively 

use the information contained in the tree-rings, there is an impending need to establish a 

robust method to measure the tree rings. 
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Abstract 

 Graph Theory is a delightful playground for the exploration of proof techniques in discrete mathematics, 
combinatorial, algebraic and other mathematical structures. The concepts and development of results are fascinating. One 
such area is edge domination. This paper deals with the “Edge domination in Graphs”. Edge domination number and edge 

domatic number d′ are defined. This chapter also characterizes connected graphs for which γ′= p/2 and graphs for which   

γ′+ d′= q+1 and characterize trees and unicyclic graphs for which γ′=    𝑝/2  and   γ′=   q - ∆′.                

 
Introduction 

 Let G be a (p, q) – graph with edge domination number γ′ and edge domatic number d′, 

where p is the number of vertices and q is the number of edges. This chapter characterizes 

connected graphs for which γ′= p/2 and graphs for which   γ′+ d′= q+1.  

 This chapter also characterizes trees and unicyclic graphs for which γ′=    𝑝/2  and   γ′=   q 

- ∆′, where ∆′denotes the maximum degree of an edge in G. 

 A graph G = (V, E) means a finite undirected graph without loops or multiple edges.  

 
Dominating Set 

 A subset S of V is called a dominating set of G if every vertex not in S is adjacent to some 
vertex in S. 
Example:  
v1         v2 

      
Domination Number 

 The domination number γ (G) (or γ ) of a graph G is the minimum cardinality taken over all 
dominating sets of G. 
Example: 
v1                           v2 

       
  v4                 v3 
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 V= { v1, v2, v3, v4}             

 S = { v1, v3}. 

 γ (G)  = 2. 

Independent Dominating Set 

 A dominating set S of a graph G is called an independent dominating set if no two vertices 

of S are adjacent. 

v1                             v2    

 
v3                                   v4 

Example:                                                  

 V= {v1, v2, v3, v4}, S = {v1, v4}. 

Independent Domination Number 

 The independent domination number γi (G) (or γi) of a graph G is the minimum cardinality 

taken over all independent dominating sets of G. 

Example: 
v1                              v2    

 
v3                                     v4   

 V= {v1, v2, v3, v4}  

 S = {v1, v4} and γi (G) = 2. 

Edge Dominating Set 

 A subset X of E is called an edge dominating set of a graph G if every edge not in X is 

adjacent to some edge in X. 

Example:  

          e3      e8                        e2  e6      e9 

    
 e5         e4    e1  e7   

 E= {e1, e2, e3, e4,e5, e6, e7, e8, e9} 

 X = { e2, e5 }  
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Edge Domination Number 

 The edge domination number γ′(G) (or γ′) of a graph G is the minimum cardinality taken 

over all edge domination sets of G.  

Example: 

         e3      e8                        e2  e5      e9 

    
 e4        e1    e7  e6  

 E= {e1, e2, e3, e4
, e5, e6, e7, e8,e9} 

 X = { e2, e5 }  

 γ′(G) = 2. 

Edge Domatic Number 

 The maximum order of a partition of E into edge dominating sets of a graph G is called the 

edge domatic number of G and is denoted by d′(G) ( or d′ ).  

Example: 

                    e1 

e2  e3  

 X1={e1} , X2 = {e2} , X3 = {e3} and therefore  d′(G) = 3. 

Independent Edge Dominating Set 

 An edge dominating set X is called an independent edge dominating set if no two edges in X 

are adjacent. 

Example 
                 e1 

              

 E = ( e1, e2, e3, e4, e5, e6} 

 X = {e1, e3}  

 

e6 

e5 

v3 e4 v4 

v1 

v5 

e2 

e3 
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Independent Edge Domination Number 

 The independent edge domination number γi′(G) ( or  γi′) of  G is the minimum cardinality 

taken over all independent edge dominating sets of G.  

Example: 

 
 X = { e1, e3} and  γi′(G) = 2. 
Edge Independent Number 

 The edge independent number β1 (G) (or β1) is defined to be the number of edges in a 

maximum independent set of  edges of G. 

Example: 

         e8  e9                                             e2          e5 

      
 e4        e1    e7  e6  
 E= {e1, e2, e3, e4, e5, e6, e7, e8, e9} 
 X1 = { e2, e5 } and X2 = {e3, e1, e9} 
 γ′(G) = 2. 
 β1 (G) = 3. 
Subdivision 

 The graph S (G) obtained from G by subdividing each edge of G exactly once is called the 

subdivision of G.                                                       

 The degree of an edge e = uv of G is defined by                                                                         

 deg e = deg u + deg v- 2. 

 For a real number x,  𝑥   denotes the greatest integer less than or equal to x and   𝑥  

denotes the smallest integer greater than or equal to x.  

The following theorems are used in the main result of this chapter. 

 Theorem 2.1.1. If G is K1,3-free, then γ = γi.                 

 Since L(G) is  K1,3-free, we have the following.  

 Corollary 2.1.2.  For any graph G, γ′= γi′. 

 Theorem 2.1.3.   γ′(Cp) =  𝑝/3   for p ≥3. 

e3 
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 Theorem   2.1.4.   For any (p, q)-graph G, γ′ ≤  𝑝/2 . 

 Theorem   2.1.5. For any (p, q)-graph G, γ′ ≤ q − ∆′where ∆′ denotes the maximum degree 
of an edge in G. 
 Theorem  2.1.6. For any (p, q)-graph G, γ′ ≤ q − β1+ q0 where q0 is the number of isolated 
edges in G. 
 Theorem  2.1.7. For any (p, q)-graph G, γ′+ d′ ≤ q + 1. 

 This chapter provides the problem of characterizing the class of graphs which attain the 
upper bounds given in Theorems 2.1.4, 2.1.5, 2.1.6, 2.1.7. 
Main Results 

Lemma 2.2.1.   A connected graph G is either a complete graph or a complete   bipartite graph 

if G has the following property: Whenever any two vertices are joined by a path of length 3, 

then they are adjacent 

Proof. 

 By the hypothesis, distance between any two vertices is at most 2.  Therefore diam(G) ≤ 2. 

If diam(G) = 1, then G is a complete graph. So assume that diam(G) = 2. 

 Let ‘a’ be any vertex with deg a <  p − 1 where p is the order of G. Let us show that G is 

complete bipartite with the bipartition{V1, V2} where V2= N (a). 

 If x, y are any two distinct vertices in V1\{a}, then x, y are non-adjacent for otherwise the 

non-adjacent vertices a and y would be joined by a path of length 3, contradicting the 

hypothesis. 

 Let b be any vertex in V1\{a}. Then there exists a vertex x in V2 such that x is adjacent to 

both a and b. If y is any other vertex in V2, then (bxay) is a path of length 3 and therefore by the 

hypothesis b and y are adjacent. Thus every vertex in V1 is adjacent to all the vertices in V2. 

 Next let us show that no two vertices in V2 are adjacent. Suppose x, y are two distinct 

vertices in V2. Let b be any vertex in V1\{a}. ( Note that V1\{a} is non-empty since deg a < p-1.) 

Then x, y are non-adjacent for otherwise the non-adjacent vertices a and b would be joined by 

a path of length 3. Thus it follows that G is a complete bipartite graph.  

Theorem  2.2.2. For any connected graph   G of even order p, γ′=p/2 if and only if G is 

isomorphic to Kp or Kp/2, p/2. 

Proof 

 Suppose γ ′(G) = p/2. Let us first show that the hypothesis of Lemma 2.2.1  holds. Suppose 

(abcd) is a path of length 3 in G.  Let S be an independent edge dominating set in G\{a, b, c, d}.  

Then S U {ab, cd} is an edge dominating set in G.  

Therefore  
 │S│ + 2  ≥ γ ′(G) = p/2.   

 Since S U {ab, cd } is an independent edge dominating set in G, it follows that│S│=  

(p− 4)/2. Therefore a and d are adjacent for otherwise S U { bc }would be an edge dominating 

set of cardinality γ′− 1. 

    Hence by Lemma 2.2.2 G is either complete or complete bipartite. Since for any complete 

bipartite graph Kr,s ,γ′(Kr,s) = min {r, s }. When the second possibility holds, G is isomorphic to 

Kp/2,p/2. 
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 Conversely, assume that for any connected graph G is isomorphic to  Kp or Kp/2, p/2. Since G 

is isomorphic to complete bipartite graph Kr, s, therefore  γ′(Kr,s) = min {r, s }. 

 Hence, γ′=p/2. 

Theorem  2.2.3.  

 For any tree T of order p ≠ 2, γ′≤ (p − 1)/2; equality holds if and only if T is isomorphic to 

the subdivision of a star. 

Proof 

 First of all, by Theorem 2.1.4 and Theorem 2.2.2, γ′ ≤ (p − 1)/2. It is clear that  

γ ′= (p − 1)/2 when T is the subdivision of a star. On the other hand, suppose T is a tree for 

which γ′= (p−1)/2. If p ≤ 5 the result is trivial.  Let p = 2n + 1, where n ≥3. Since γ′= n, there 

exists an independent edge dominating set S = {e1, e2, . . . , en} such that the unique vertex v 

which is not  covered by the edges in S is a non-pendant vertex of T ; otherwise if v is a 

pendant vertex adjacent to u, then we may replace the edge ei  incident to u with uv.  

 Let ei= viui and suppose v is adjacent to u1and u2. Since T is a tree, v is adjacent to at most 

one end of each ei. Now suppose there exists an edge, say e3, in S such that v is adjacent to 

neither u3 nor v3. Since T is connected, we may assume that u3 is adjacent to v1.                                

Now S \ {e1, e2, e3} U {v1u3, vu2} is an edge dominating set of cardinality γ′− 1, which is a 

contradiction.  

 Hence, v is adjacent to exactly one end vertex of each ei and so T is isomorphic to the 

subdivision of astar. 

 Define the graphs  C3,n the graph obtained from a C3 and n (≥0) copies of K2 by joining one 

end of each K2 with a fixed vertex of C3. 

 C4,n the graph obtained from C4 by joining a vertex of C4 with the centre of S(K1,n). 

Theorem 2.2.4. 

 Let G be a connected unicyclic graph. Then γ ′=  𝑝/2  if and only if G is isomorphic to either 

C4, C5, C7, C3,n or C4,n for some n ≥0.  

Proof 

 Let G be a connected unicyclic graph with γ ′= 𝑝/2 . If p is even the by Theorem 2.2.2, C4 is 

the only connected unicyclic graph with γ ′= p/2. Now let us assume that p is odd. Let C be the 

unique  cycle of G. If G = C, it follows from Theorem 2.1.3  that G is isomorphic to either 

C3,0(=C3), C5 or C7. Suppose G ≠ C. Let T1, T2…, Tr  (r ≥1 ) be the components of G \ V(C). Let p0, 

p1, p2, …pr denote the number of vertices in C, T1, T2, … Tr respectively.  

Then 

γ ′(G) ≤  𝑝0/2   +   𝑝𝑖/2 𝒓
𝒊=𝟏  ………………      (1) 

Consider the following cases.   

Case. I. Let  po is even. 

 If   γ ′(Ti) < (pi – 1)/ 2 for some i or if γ ′(Ti) = (pi -1)/2 for at least two components, then it 

follows from (1) γ ′(G) < (p – 1)/ 2, which is a contradiction. Therefore, each component of 

G\V(C) is isomorphic to either K2 or S(K1,n) for some n ≥0 and at most one component of  

G\V(C) is isomorphic to S(K1,n). Since p is odd, it follows that exactly one component, say T1, is 
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isomorphic to S(K1,n). Now if r ≥ 2 then we choose an edge dominating set containing an edge e 

of G such that e dominates the edge of T2 as well as two edges of C. Hence it follows from (1) 

that  

γ ′(G) ≤   
𝑝0−2

2
 + 

𝑝1−1

2
 +   𝑝𝑖/2 𝑟

𝑖=2   < 
𝑝−1

2
 

Which is a contradiction. Thus r = 1 and it follows from Theorem 2.1.3 that po = 4. Hence G is 

isomorphic to C4,n. 

Case. II. Let  po is odd. 

 In this case, we claim that each Ti is isomorphic to K2. Suppose not. Since p is odd, it follows 

that there exist at least two components, say T1, T2, each isomorphic to S(K1,n) for some n ≥0. If 

one more component, say T3, is isomorphic to S(K1,n)  then  

γ ′(G) ≤   
𝑝0+1

2
 + 

𝑝1+𝑝2+𝑝3−3

2
 +   𝑝𝑖/2 𝑟

𝑖=4   < 
𝑝−1

2
. 

 which is a contradiction. Hence there are only two components that are sub-divisions of 

stars. So, there exists a vertex of degree two in C or a component, say T3, isomorphic to K2. 

Then the term  𝑝𝑜/2  in the right side of (1) can be replaced by (po-1)/2 and hence  

γ ′(G) ≤  
𝑝0−1

2
 + 

𝑝1−1

2
 +

𝑝2−1

2
+   𝑝𝑖/2 𝑟

𝑖=3   < 
𝑝−1

2
. 

 which is again a contradiction. Hence it follows that each Ti is isomorphic to K2. Since γ′(G) 

= (p-1)/2, it follows that each component K2 of G\V(C) has one end adjacent to a fixed vertex of 

C and po = 3. Hence G is isomorphic to C3,n for some n ≥0.                                   

 Conversely, assume that G is isomorphic to either C4, C5, C7, C3,n or C4,n for some n ≥0. It is 

obvious that γ ′= 𝑝/2 .  Hence, proved. 

Theorem  2.2.5.   

 Let T be any tree and e = uv be an edge of maximum degree ∆′. Then γ′= q − ∆′if and only if 

diam(T ) ≤ 4 and  deg w ≤ 2 for every vertex w  ≠ u, v. 

Proof. 

 Let T be a tree with γ′= q −∆′. Let A denote the set of all pendant edges of T . Since E(T) − A 

is an edge dominating set of T it follows that |A| ≤ ∆′and hence deg w ≤ 2 for all vertices w≠ u, 

v. Also, if diam (T) ≥5, then there exists a non-pendant edge e of T such  

 That E(T)\(A U {e} ) is an edge dominating set.    

 Hence, γ ′≤ q − ∆′-1< q− ∆′, which is a contradiction. 

 Therefore, diam (T) ≤ 4.   

 Conversely, let T be a tree with diam (T) ≤ 4 and deg w ≤ 2 for all vertices w≠u, v, where e 

= uv is an edge of maximum degree in T . If diam (T) = 2 or 3, then  γ′= q − ∆′= 1.   If diam (T) = 

4, then each non-pendant edge of T is adjacent to a pendant edge of T and hence the set S of all 

non-pendant edges of T forms a minimum edge dominating set and 

γ′ = ￨S￨ = q − ∆′. 

Theorem  2.2.6. 

 For any connected unicyclic graph G = (V, E) with cycle C, γ′= q − ∆′if and only if one of the 

following holds. 

1. G = C3. 

2. C = C3 = (u1u2u3u1), deg u1 ≥ 3, deg u2 = deg u3 = 2, d(u1,w) ≤ 2 for all vertices w not on C 

and deg w ≥ 3 for at most one vertex w not on C. 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 323 

3. C = C3 = (u1u2u3u1), deg u1 ≥3, deg u2 ≥3, deg u3 = 2, all vertices not on C adjacent to u1 have 

degree at most 2 and all vertices whose distance from u1 is 2 are pendant vertices. 

4. C = C3, deg u1 = 3, deg u2 ≥ 3, deg u3 ≥ 3 and all vertices not on C are pendant vertices. 

5. G = C4. 

6. C = C4, either exactly one vertex of C or two adjacent vertices of C have degree at least 3 

and all vertices not on C are pendant vertices. 

Proof 

 Suppose γ′= q -∆′. Let S denote the set of all pendant edges of G and let ￨S￨ = k. Since E\(SU 

{ e1}) is an edge dominating set for any edge e1 of C, γ′ ≤ q - k - 1 so that k ≤ ∆′- 1. Let e = uv be 

an edge of maximum degree ∆′. If both u and v are not on C then k =∆′-1 and there exist edges 

e1 and e2 on C such that E\(SU { e1 , e2}) is an edge dominating set of cardinality q - ∆′- 1 which 

is a contradiction. Hence, u or v lies on C and k ≥ ∆′- 2. Consider the following cases. 

Case. I . Let k = ∆′- 2. 

 In this case, all the vertices other than u and v have degree either one or two. Hence C = C3 

or C4 and G is isomorphic to one of the graphs described in (i), (ii), (iii), (v) or (vi). 

Case. II . Let k = ∆′- 1. 

 In this case, there exists a unique edge e on C such that E\(SU { e }) is a minimum edge 

dominating set of G. It follows that C = C3 and G is isomorphic to the graph described in (iv).                                                                                                                                                                                           

The converse is obvious. 

 
Theorem 2.2.7.  For any connected graph G, γ′= q - β1 if and only if G is isomorphic to C4 or the 

subdivision graph of a star. 

Proof 

 Suppose γ′= q - β1. Since γ′ ≤ p/2 and β1 ≤ p/2    we have 

 γ′+ β1≤ p  and hence q ≤ p. If q = p, then p is even, γ′= β1 = p/2 and G is unicycle 

Hence it follows from Theorem 2.2.6 that G = C4. If q = p - 1, then p is odd, γ′ =  

β1= (p-1)/2   and G is a tree. Hence it follows from Theorem 2.2.3 that G is isomorphic to the 

subdivision of a star.  

        Conversely, assume that G is isomorphic to C4 or the subdivision graph of a star. 

  Since G is isomorphic to the subdivision of a star. 

 Therefore, γ′= β1 = (p-1)/2   where q = p-1 and p is odd. 

 γ′+ β1 = (p-1)/2    + (p-1)/2    

 γ′+ β1 = p-1 

 γ′+ β1 = q 

 γ′        = q- β1. 

 Since G is isomorphic to unicyclic C4. 

 γ′= β1 = p/2, where q = p and p is even. 

 γ′+ β1 = p/2 + p/2   

 γ′+ β1 = p 

 γ′+ β1 = q 

 γ′        =  q- β1. 

 Hence, proved. 
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Abstract 

Graph Theory is one of the most interesting area of research in mathematics due to its wide range of application in 
engineering, physical, social, computer science and in numerous other fields. Many results in graph theory are wide 
reading and have practical importance. In this paper we deal with dissertation is devoted to some basic definition and 
examples of graphs and deals with Types of product and generalized to the product of cycles and a note on Tensor product 
of graphs and product of cycles. Then the Tensor product of complete graphs was discussed. 

Keywords: Graph, Complete graph, Subgraph, K-regular graph, Euler tour, Tensor product. 

 
Introduction 

The problem of finding Hamilton cycle decompositions of product graphs is not new. 

Hamilton cycle decompositions of various product graphs have been studied by many people. 

One interesting problem is to investigate whether the product graph of two Hamilton cycle 

decomposable graphs is also hamilton cycle decomposable. Many results for various products 

have been obtained in the last few years. Like other products, the tensor product graph has 

some interesting properties. For example, the tensor product of two hamilton cycle 

decomposable graphs may not be connected. Consider the product of two even cycles. If both G 

and H are hamilton cycle decomposable and G⊗H is connected, then the tensor product graph 

is also hamilton cycle decomposable. It would be interesting to know what extra conditions 

should be added to G and H to ensure a hamilton cycle decomposition of G ⊗ H. The following 

result concerning the tensor product has been known for a long time. 

A simple graph G is called k-regularizable if multiple edges can be added to G, if necessary, 

so that the resulting multigraph G* is k-regular. G is k*-regularizable if the number of new 

parallel edges added between any pair of vertices of G to make it k-regular is at most one so 

that between any pair of vertices of G*, there are at most two edges. 

Let H be a 4*-regularizable connected spanning subgraph of a graph G. Then H*, a graph 

(not necessarily unique) obtained from H, by the above construction is eulerian. We call H an 

UOET -- subgraph of G if H* admits an uniformly odd euler tour (UOET), i.e., an euler tour in 

which no proper closed subtrail is of even length. 

 
Theorem: A 4-regular multigraph G has an UOET if and only if G admits an SIO. 

Proof 

Let T be an UOET in G with an origin, say, v0Orient the edges of G along T. Label the edges 

of T from 1 to Ɛ , the number of edges of G, along T. As G is 4-regular, each vertex of G will be 

visited exactly twice by T.  

Let T = v0e1v1……. emvi…. envi….. e∈v0. Label the vertex vi by the ordered pair (m, n), where 

m and n are the lengths of the v0-vi sections v0e1v1.....em vi  and v0e1v1…..emviem+1…..envi of T 
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corresponding to the first and second visits of T through vi  respectively. As viem+1…..envi is a 

proper closed subtrail of UOET T, it must be of odd length. Hence m and n shall be of opposite 

parity. As a consequence, m + 1 and n + 1 shall also be of opposite parity.  

Thus at each vertex of T, the two edges with the same label parity define a directed path of 

length 2. Thus, the set of odd labelled edges of G forms a directed 1-factor F1 i.e., dF1
+(v)= dF1

-

(v)= 1 for each v∈V(T) of G.  

Similarly, the even labelled edges form another directed 1-factor F2 of G. Clearly, the edges 

of T alternate between F1 and F2. Hence the orientation of T is an SIO of G. 

Conversely, assume that G has an SIO and let D be the digraph resulting from this SIO of G. 

Hence there exist two directed 1-factors F1 and F2 such that there is a directed euler tour T in 

D which alternates between F1 and F2. We exhibit an UOET in G by showing that no proper 

closed subtrail of T is of even length. 

Let T0 be a proper closed subtrial of T with origin, say, u. Without loss of generality, 

assume that the first edge of T0 is in F1. Then the terminal edge of T0 should also be in F1For if 

it is in F2, then at u both the edges of F2 will be inward arcs of u, contradicting the fact that F2 is 

a directed 1-factor of D.  

Hence T0 is an odd closed subtrail of T in D. The euler tour corresponding to T in D gives an 

euler tour, say, T' in G. Then T1 is an UOET of G. This completes the proof. 

 
Theorem: If G is a 4-Regular (loopless) graph, then L(S1(a)) is an UOET graph. 

Proof 

We now present a class Ω of 4-regular simple graphs which are UOET graphs. Hence for 

each graph of Ω, by Theorem 2.6, G ⊗K2 is an edge-disjoint union of Hamilton cycles. Take Ω = 

{L(S1G)): G is a 4-regular loopless graph}, where S1(G) is the subdivision of G obtained by 

subdividing each edge of G once, and L(H) is the line graph [4] of H.  

Then every member of Ω is a simple 4-regular graph. We show that each graph in Ω is an 

UOET graph. 

Let H=L(S1(G))∈ Ω and ε= |E(G)|. Let the edge sequence {e1,e2 .....eε}, define an euler tour T 

of G with origin, say, v0. Let v0∈V(G).  

By the definition of line graph, there exists in L(S1(G)), corresponding to each vertex v of 

degree 4 in S1(G) a clique Kv of order 4. If e=uv∈E(G),Kv and Ku are joined by an edge e' of 

L(S1(G)).Clearly, {e': e∈E(G)} is a 1-factor F of L(S1(G))=H. Corresponding to T of G there is an 

euler tour T' in S1(G). Label the vertices of H as follows: T' visits each vertex v of degree 4, 

exactly twice.  

During the first visit at v, T' uses two edges. Let av and bv be the vertices of H that 

correspond to these edges used by T to enter and to leave v, respectively. Let the other two 

vertices of Kv be cv and dv, where cv (resp. dv) corresponds to the edge of T' used to enter (resp. 

exit) v during its second visit. 

Corresponding to T' in S1(G) we shall construct an euler tour T0 in H, which visits each Kv 

twice as follows:  
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T0 uses the edge avbv and leaves for another Kv through the edge of F, the 1-factor of H 

(described above), during its first visit to Kv. It enters Kv again through an edge of F and uses 

the edges of Kv in the order cvavdvcvbvdv (see Fig). 

We now label the vertices of H by ordered 

pairs. The first and second labels of any vertex av, 

(or bv,cv,dv), of H denote, respectively, the lengths 

along T0 from aV0, the origin of the euler tour T0, to 

aV (or bV, cV,dV) during the first and second visits of 

T0 to Kv  , respectively. By this procedure, bv0gets the first lable 1, etc.  

Hence all vertices of H get an ordered pair of labels, and these are clearly of opposite parity 

(as av, cv and dv get the first labels even (except av0, the origin) while bv gets the first label odd).  

As a consequence, no closed proper subtrail of T0 can be of even length Hence T0 is an 

UOET.  

 
Conclusion 

A graph G consists of a set of vertices V(G) and a set of edges E(G). For every vertices 

a,b 𝜖 V(G), the edge connecting a and b is denoted by ab. The distance between two vertices in 

a connected graph G is the number of edges in a shortest path between them. For vertices a 

and be of G, their distance is shown by 𝑑𝐺(a,b). This concept has been known for a very long 

time and has received considerable attention as a subject of research in metric graph theory. 

Graph operations play an important role in the study of graph decompositions onto 

isomorphic sub graphs. In section of this paper, formula for the Wiener and hyper-Wiener 

indices o the tensor product of complete graph 𝐾𝑛  by a graph G are obtained. 
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Abstract 

The theory of fuzzy sets has developed in many directions and is finding application in a wide variety of fields. 
Rosenfeld (7) in 1971 used this concept to develop the theory of fuzzy groups, In this paper we have given independent 
proof of several theorems on M- fuzzy groups. we discuss about M- fuzzy groups and investigate some of their structures on 
the concept of M- fuzzy group family.  
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Introduction  

After the introduction of the concept of fuzzy sets by zadeh (10) several researches were 

conducted on the generalizations of the notion of fuzzy sets. The study of fuzzy group was 

started by Rosenfeld (7) and it was extended by Roventa (8) who have introduced the concept 

of fuzzy groups operating on fuzzy sets. Wu (9) studied the fuzzy normal subgroups. Gu (6) put 

forward the notion of fuzzy groups with operators. In this paper, we introduce the concept of 

M- fuzzy groups with operators and obtain some related results. For the sake of convenience, 

we set out the former concepts. 

 
Preliminaries 

Let X be a nonempty set. A fuzzy set A is a map A: X→ [0, 1], and F(x) will denote the fuzzy 

power set of X. we first recall some basic definitions and results that will be needed in the 

sequel. 

 
Definition  

Let G be a group and A ε F (G). If  

(i) A (xy) ≥ min {A(x), A(y)} 

(ii)  A (𝑥−1) = A(x), x ε G, 

Then A is called fuzzy group on G. If the supplementary condition A (e) = 1 called 

standardized fuzzy group. 

 
Definition  

A group with operators is an algebraic system consisting of a group G, a set M and a 

function defined in the product set MxG and having the values in G such that if mx denotes the 

element in G determined by the element x of G and the element m of M, and m ε M, then G is 

called M- group with operators. 

 
Definition 

A subgroup A of an M- group G is said to be the fuzzy subgroup if mx ε A for all m ε M and x ε A.  
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Definition  

Let A be a fuzzy set in U and •: GxG → G be a composition law, such that (G, •) forms  

M- group.If two conditions (FG1) A(m(xy)) ≥ min { A(mx) , A(my)}  

(FG2) A(m𝑥−1) = A(mx) for all x, y in A. 

If the supplementary conditions A(m𝑒𝐺) = 1 is also satisfied, then this M- fuzzy group is 

called a standardized M- fuzzy group, where 𝑒𝐺  is an identity of M- group (G, • ). 

 
Some properties of M- fuzzy groups  

Proposition 

Let A be M- fuzzy group and S be a fuzzy subset of A then S is a M-fuzzy subgroup of A iff 

𝐴𝑠(m (xy)) ≥ Min ({ 𝐴𝑠 (mx) , 𝐴𝑠 (my)} for all x,y in S. 

Proof: 

Case-1  

Let S be a M- fuzzy subgroup of A. S itself is a M- fuzzy group. Thus (FG1) and (FG2) are 

satisfied in S. Therefore we obtain 𝐴𝑠 (m (x𝑦−1)) ≥ min { 𝐴𝑠 (mx) , 𝐴𝑠 (m𝑦−1)} = min { 𝐴𝑠 (mx) 

, 𝐴𝑠 (my)}  

Case-2 

Let 𝐴𝑠 (m(x𝑦−1)) ≥ min { 𝐴𝑠 (mx) , 𝐴𝑠  (my)} for all x,y ε S----------- (1) 

If y = x in (1), we have 𝐴𝑠 (m (x𝑦−1)) = 𝐴𝑠 (me) ≥ min { 𝐴𝑠  (mx), 𝐴𝑠 (my)} = 𝐴𝑠  (mx). 

If x=e in (1), 𝐴𝑠 (m𝑦−1) = 𝐴𝑠 (m(e𝑦−1)) ≥ min { 𝐴𝑠 (me), 𝐴𝑠 (m𝑦−1)} = 𝐴𝑠 (my), for all x,y 

εS. 

Implies that 𝐴𝑠 (my) ≥ 𝐴𝑠 (m𝑦−1) for all x, y in S. 

(Since substituting y=𝑦−1 in the above equation)  

Therefore 𝐴𝑠 (my) = 𝐴𝑠 (m𝑦−1), FG2 is satisfied in S. Further 𝐴𝑠 (m(x(𝑦−1)) ≥ min (𝐴𝑠 

(mx), 𝐴𝑠 (m(𝑦−1)}= min { 𝐴𝑠 (mx) , 𝐴𝑠 (my)}, FG1 is satisfied in S. 

Proposition 

If A is a M- fuzzy group, then 𝐴𝑝= ((mx, (A (mx) p) / mx ε A} is M-fuzzy group. 

Proof: 

Let A is M- fuzzy group, where (A, •) is M- group.  

Thus (𝐴𝑝 , •) is M- fuzzy group for all the positive integer p. 

let x, y ε 𝐴𝑝  and p is any positive integer. 

(FG1) 𝐴𝑝  (m (xy)) = (A (m(𝑥𝑦)𝑝)) ≥ min {𝐴(𝑚𝑥), 𝐴(𝑚𝑦)}𝑝= min {𝐴(𝑚𝑥)𝑝  ,𝐴(𝑚𝑦)𝑝  } 

FG1is satisfied in 𝐴𝑝 .  

(FG2) 𝐴𝑝(mx) = (A(𝑚𝑥)𝑝  = (A(𝑚𝑥−1)𝑝= 𝐴𝑝  (m𝑥−1). 

( 𝐴𝑝 , • ) is M-fuzzy group by (2.4) 

𝐴𝑝  (me) = (A(𝑚𝑒)𝑝= (1)𝑝  therefore (𝐴𝑝  , •) is standardized M- fuzzy group. 

Proposition 

If 𝐴𝑖  and 𝐴𝑗  are M- fuzzy groups, then 𝐴𝑖  ∪ 𝐴𝑗  is also M- fuzzy group for all natural 

numbers i and j.  
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Proof: 

Suppose i < j 

(FG1) 𝐴𝑖  U𝐴𝑗  (m(xy)) = max { 𝐴𝑖  (m(xy)) , 𝐴𝑗  (m(xy)} 

  = max {(𝐴(𝑚(𝑥𝑦))𝑖  , (𝐴(𝑚(𝑥𝑦))𝑗  } 

  = (𝐴(𝑚(𝑥𝑦))𝑖  

𝐴𝑖  U𝐴𝑗  (m(xy)) = 𝐴𝑖  (m (xy)) 

𝐴𝑖  U𝐴𝑗  (m(xy)) ≥ min { 𝐴𝑖  (mx) , 𝐴𝑗  (my)} by (3.3)  

  = min{max {(𝐴(𝑚(𝑥𝑦))𝑖  , (𝐴(𝑚(𝑥𝑦))𝑗  }, max {( 𝐴𝑖  (my) , 𝐴𝑗  (my)}}. 

𝐴𝑖  U𝐴𝑗  (m(xy))≥ min { 𝐴𝑖  U𝐴𝑗  (mx) , 𝐴𝑖  U𝐴𝑗  (my)}.  

Therefore 𝐴𝑖  U𝐴𝑗  is M-fuzzy group. 

(FG2) 𝐴𝑖U𝐴𝑗  (mx) = max { 𝐴𝑖  (mx) , 𝐴𝑗  (mx} 

  = max {(𝐴(𝑚(𝑥𝑦))𝑖  , (𝐴(𝑚(𝑥𝑦))𝑗  

  = max { (A(𝑚𝑥−1)𝑖 ,A(𝑚𝑥−1)𝑗  }  

𝐴𝑖U𝐴𝑗  (mx) = 𝐴𝑖  U𝐴𝑗  (m𝑥−1). 

 
Proposition 

If 𝐴𝑖and 𝐴𝑗  are M- fuzzy groups, then 𝐴𝑖  ∩ 𝐴𝑗  is also M- fuzzy groups, where i and j are 

natural numbers.  

Proof:  

It is obvious. 

Definition 

Let f: G→ 𝐺1 be a homomorphism’s of M- groups. For any fuzzy set A ε𝐺1 we define a new 

fuzzy set 𝐴𝑓  ε G by 𝐴𝑓  (mx) =Af (mx) for all x ε G.  

Proposition  

Let G and𝐺1 be M – groups and ‘f ‘an M- homomorphism from G onto 𝐺1 , 

(i) if A is M – fuzzy group of 𝐺1 then𝐴𝑓  is M- fuzzy group of G. 

(ii)  if 𝐴𝑓  is M-fuzzy group of G then A is M- fuzzy group of𝐺1 . 

Proof 

(i) Let x,y ε G and m ε M, we have (FG1) 𝐴𝑓  (m(xy)) = A (f(mx) , f(my)} ≥ min { Af(mx), 

Af(my)} 

𝐴𝑓  (m (xy)) = min { 𝐴𝑓  (mx), 𝐴𝑓  (my)} 

(FG2) 𝐴𝑓  (mx) = A(f(mx)) 

= A(f(𝑚𝑥)−1)  

 𝐴𝑓  (mx) = 𝐴𝑓  (𝑚𝑥−1) . 

Therefore 𝐴𝑓 is M- fuzzy group of G. 

(ii)  for any x,y ε G and m ε M, there exists a,b ε G such that f(ma) = x and f(mb) = y .  

 (FG1) A(m(xy)) = A(f(ma) , f((mb)},  

  = 𝐴𝑓  (m(ab)) 

  ≥ min { 𝐴𝑓  (ma) , 𝐴𝑓  (mb)} 
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= min {Af(ma) , Af(mb)}  

  = min {A(mx) , A(my)} 

 (FG2) A(𝑚𝑥−1) = A (f(𝑚𝑎−1) . 

  = 𝐴𝑓(𝑚𝑎−1) .  

  = Af (𝑚𝑎−1) . 

  = 𝐴𝑓  (ma) 

 A(𝑚𝑥−1) = A(mx) . 

Definition  

Let A be a M- fuzzy group, then the following set of M- fuzzy groups {A, 𝐴1 , 𝐴2 ,………. 𝐴𝑝  

………….. ……….E} is called M- fuzzy group family generated by A. It will be denoted by < A >.  

 
Proposition  

Let A be a M- fuzzy group, then A ⊃ 𝐴2 ⊃ 𝐴3 ………..⊃ 𝐴𝑝  …….E.  

Proof: 

It is known that A(ma) ε [0,1], hence A(ma) ≥ A(𝑚𝑎)2, 

A(𝑚𝑎)2≥ (𝐴(𝑚𝑎)2)2,……………A(𝑚𝑎 )𝑛  ≥ (𝐴(𝑚𝑎 )𝑛 )2.  

by using the definition of fuzzy subsets , this gives that A 𝐴2 .  

By generalizing it for any natural numbers i and j with i ≤ j.  

we obtain (𝐴𝑖(𝑎))𝑖≥ 𝐴𝑖(𝑎))𝑗≥, (𝐴𝑖(𝑎2 ))𝑖≥ (𝐴(𝑚𝑎2 ) 𝑗  , ………(𝐴𝑖 (𝑚𝑎))𝑖 , 𝐴𝑖 (𝑚𝑎))𝑗  

So 𝐴𝑖and 𝐴𝑗  for any natural numbers i and j with i ≤ j which means that A ⊃ 𝐴2 ⊃ 𝐴3 

………..⊃ 𝐴𝑝  ……. …𝐴𝑝𝑛𝑣 … … … … … 

finally we get E = ∩ 𝐴𝑝  which is immediate from proposition . 

we then obtain the required relation. 

 
Conclusion 

W.M. WU (9) and A. Rosenfeld (7 ) introduced the concept of fuzzy normal subgroups and 

fuzzy groups. In this paper we investigate the concept of M- fuzzy groups and obtain some 

Results. 
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Abstract 

 It is a simple fact that cubic Hamiltonian graphs have at least two Hamiltonian cycles. Finding such a cycle is NP-
hard in general, and no polynomial time algorithm is known for the problem of finding a second Hamiltonian cycle when 
one such cycle is given as part of the input. We investigate the complexity of approximating this problem where by a 
feasible solution we mean a(nother) cycle in the graph. First we prove a negative result showing that the Longest Path 
problem is not constant approximable in cubic Hamiltonian graphs unless P = NP. No such negative result was previously 
known for this problem in Hamiltonian graphs. In strong opposition with this result we show that there is a polynomial 
time approximation scheme for finding another cycle in cubic Hamiltonian graphs if a Hamiltonian cycle is given in the 
input. 

Keywords: Hamiltonian cycles, Eulerian sub-graph and Triangle free graph. 

  
Introduction  

 All graphs considered in this paper are undirected and finite, without loops or multiple 

edges.  If K and T are subsets of V(G) or    sub graphs of G, we denote by NT(K) the set of 

vertices in T that are adjacent to some vertex in K, and let dT( K ) =  𝑁𝑇(𝐾)  and   dT(x) = 

 𝑁(𝑥) ∩ 𝑇 . For a cycle C on which we define an orientation, and any two vertices x,y on C, C[x, 

y ] is the set of vertices from x to y (including x and y ) on C when we follow the orientation of 

C. Furthermore, C(x, y) = C[x, y ] - {x, y}, and x+, x- denote the successor and the predecessor of 

x according to the orientation, respectively. A subpath of a path P will be written in the form 

P[u, v] when u,v are the terminal vertices of that subpath. P(u, v ) is obtained from P[u, v] by 

deletion of  u and v. 

 
Theorem  

 Let G be a claw – free garph with the single K-cycle property. Then so does cl(G). 

Proof: 

 Suppose that e is single in cl(G). By Lemma 2.6, e is a single edge of G. Since G has the single 

k-cycle property, e lies in a single cycle C of length at most k in G.  

 If C is a single cycle in cl(G), then there is nothing to prove. Otherwise, let C' be a minimal 

cycle in cl(G) such that V (C')  V (C) and e  E(C'). Since C' is a minimal cycle, C' is an induced 

cycle and |V(C')| ≤ |V (C)| ≤ k.  It remains to prove that C' is a single cycle in cl(G). 

 Since e is single, |V (C')| ≥ 4. 

Case 1: 

 If e1, e2 are adjacent in C', then at most one of e1, e2 is single. 

Proof: 

          Suppose to the contrary that e1= uv1, e2 =uv2  E(C') are two single edges with a common 

vertex u. Then v1v2  E(cl(G)). 
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Since C is a single cycle, at least one of e1, e2 E(C).  

Note that u  V(C')  V(C), and there is a vertex v3V(C) with v3NG (u)\{v1,v2}. By v1v2 

 E(cl(G)) and the fact that cl(G) is claw-free, we have either v1v3 E(cl(G)) or v2v3 E(cl(G)), 

which implies that either e1 or e2 is non-single in cl(G),which is a contradiction.  

Case 2:  

 There exists at most one pair of adjacent non-single edges in C'. 

Proof: 

 Suppose that there exist two pairs of adjacent non-single edges in C', denoted by ei = uixi  

and e'i = uiyi, where i = 1,2, then u1  u2. Note that e E(C') is single. We have |V (C')| ≥ 4. Hence 

by the fact that C' is an induced cycle, xiyi  E(cl(G). 

 Since C is single in G, by theorem2.1, there exists a single edge incident with u1 or u2 in C. 

Without loss of generality, we may assume that u1z is single in G. 

 Suppose z  {x1, y1}, then by the fact that cl(G) is claw-free and x1y1  E(cl(G)), we have 

either x1z  E(cl(G)) or y1z  E(G). Thus u1z is single in G but non-single in cl(G). By theorem 

2.8, cl(G)[Ncl(G)(ui)] is a clique. This contradicts that x1y1  E(cl(G)).   

 Suppose z {x1, y1}, then u1z is single in G but non-single in cl(G), and we also obtain a 

contradiction with x1y1 E(cl(G)) in case      z {x1, y1}. 

 If C is a cycle of L(G) with |E(C)| ≥ 3, then there exists an Eulerian subgraph H of G, such 

that L(G[𝐸 (H)]) contains C, and C contains all elements of  E(H). 

Theorem  

 Let H be a graph and G = L(H). If C is an induced single cycle in G of length k, then L−1(C) is a 

cycle of length k with at least  
𝑘

2
  vertices of degree 2 in H. 

Proof: 

 Since C is a single cycle of G, |V (C)| ≥ 4. By  there exists an Eulerian subgraph T such that  

 E(T )  E(L−1(C))  𝐸 (H)    

 By the fact that T is connected and by (1), L−1(C) is connected. We further claim that L−1(C) 

is a cycle. Otherwise, by (1), there exists a vertex    x0  V (L−1(C)) with dL−1(C)(x0) ≥ 3. 

 Then there exist three edges of E(L−1(C)) that are incident with x0 such that they (as a 

vertex subset of C) induce a triangle of G = L(H); but this contradicts that C is an induced cycle 

of length at least four. Thus L−1(C) is a cycle. 

 Since |E(L−1(C))| = |V(C)| = k, the length of L−1(C) is k. Let ef be a single edge in G, where e, f 

 E(H). Then e, f have a common vertex v (say) in H. 

 We claim that dH(v) = 2. Otherwise, there exists an edge  

 h  E(H)\{e, f} which is also incident with v. 

 Now the vertex set {e, f, h} of G induces a triangle of G, which contradicts that ef is a single 

edge in G. This shows that every single edge of G corresponds to a vertex of degree two in H. 

Also note that there are no two different single edges of G that correspond to the same vertex 

of degree two in H and that there exist at least  
𝑘

2
  single edges in C. Hence there are at least  

𝑘

2
  

vertices of degree 2 in L−1(C).  



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 334     K.S.R. College of Arts and Science for Women 

Hence the proof. 

Theorem 

 Let G be a 2-connected claw-free graph of 𝛿(G)  3 with the hourglass property and with 

the single 6-cycle property. Then G is Hamiltonian. 

 
Proof: 

 By theorem 2.9, cl(G) also satisfies the hypothesis of this Theorem. By result 2.3(c), it 

suffices to prove that cl(G) is Hamiltonian. By result 2.3(b), we may assume cl(G) = L(H), 

where H is a triangle-free graph. We consider two cases 

 
Case 1: 

 If e = uv  E(H) is not a pendant edge, then e is either in some 4-cycle, or in an m-cycle 

with at least  
𝑚

2
  vertices of degree 2 in H (5 ≤ m ≤ 6). 

Proof: 

 Let veV(cl(G)) be the vertex corresponding to the edge e in terms of the line graph. 

 Since H is triangle free, we have NH(u) ∩ NH(v)= . 

 Since cl(G) is claw-free and e is not a pendant edge, cl(G)[Ncl(G)(ve)] is composed of two 

vertex-disjoint cliques Q1 and Q2. We have following the sub cases, 

Sub case 1: 

 min{|V(Q1)|, |V(Q2)|} = 1, say |V (Q1)| = 1. 

 Let Q1 = v. Then vve is a single edge of cl(G). 

 Since cl (G) has the single 7-cycle property, by lemma 2.4, vve lies in some induced single 

cycle of length m (≤ 7). By theorem 2.12, e lies in an m cycle with at least  
𝑚

2
  vertices of 

degree2.  

Sub case 2: 

 |V (Qi)| > 1, i = 1, 2. 

 Suppose that ve1,ve2  V(Q1), which correspond to e1,e2  E(H), and ve3, ve4  V(Q2), which 

correspond to e3, e4  E(H).  

 Then cl(G)[{ve, ve1, ve2, ve3, ve4}] induces an hourglass with the center ve. Hence the degree of 

each end vertex e is 3 in the I-tree induced by H [{e, e1, e2, e3, e4}]. Since cl(G) has the hourglass 

property, by Theorem 2.10, H has the I-tree property. Thus e is in a 4-cycle of H.  

Case 2: 

 Every edge of B0
'' lies in a cycle of length at most 4 and  δ(B B0

') ≥ 3. 

 Let B be an arbitrary nontrivial black of H that is not a cycle of length at most 6. Set U = {u : 

dB(u) = 2 and dH(u) ≥ 3}. Since H has the I-tree property and B is a nontrivial block, if u  U, 

then either |NH(u)∩V1(H)| = 1 or NH(u) is composed of the vertices of V1(H) (possible V1(H) = 

) and V2(H). In the first case, we get a vertex e of L(H) with degree two, contradicting our 
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hypothesis. It remains to consider the second case when NH(u) is composed of The vertices of 

V1(H) and V2(H). Similarly, |NH(u)\V2(B)| ≥ 2.   

 Let V2(H) NB(u) = {vu
1, vu

2}. Note that there is no vertex u'
 
U\{u} with dB(u, u') = 2 for very 

vertex u  U, since every vertex of V2(H) lies in a m-cycle C' (4 ≤ m ≤ 6) such that C' has at least 

 
𝑚

2
  vertices of  degree two. exactly one additional vertex wu for each  u  U and let vu  NH(u) \ 

NB(u) be a neighbour of u. 

 Let B'0 be obtained from B by adding all edges{uwu, vuwu, vu
2wu, vuvu

2} for those vertices u 

 U, and let B0'' be obtained from B0' by replacing those remaining paths xyz with dH(y) = 2 by 

an edge (i.e., replacing such a path xyz by an edge xz). By Case 1 and by δ(G) ≥ 3. 

 Since B0
'' is 2-connected and by case 2 and Theorem 2.10, B0

''
  has a spanning Eulerian 

subgraph F0.  

 The closed trail F' = H [E (F0 − {wu, vu|u  U}) {uvu
1|u  U}] is a dominating Eulerian 

subgraph of B0'  By the choice of B, H has a dominating Eulerian subgraph. Hence it follows 

from Result2.4 that cl(G) is Hamiltonian.  

Hence the proof. 

Theorem  

 Let G be a 3-connected claw-free graph on n vertices with (n+5)/5. Then G is 

Hamiltonian. 

Proof:  

 Suppose that the theorem is not true. Let C be a longest cycle of G, and C = (cl c2 ... ci ... cj ... cl 

... cmc1 , , , ) (where m = |V(C)|, the subscripts of the ct's are to be considered modulo m). 

 Since G is 3-connected, there are three distinct vertices rl,r2,r3 ∊ V(H) such that cir1, cjr2, clr3 

 E(G)(i < j < l). 

 Let |V(H)|= h, A = {ci,cj,cl}, S1 = C(ci+,cj-), S2 = C(cj+,c1-), and      S3 = C(cl+,ci-).  

 Then, by Lemma 3.6, we have |S1|  h (t = 1, 2,3).  

 The proof of the Theorem will be divided into two cases:  

Case 1: 

 There exists a vertex in A (say ci) such that NC(ci)–{ci+,ci-,cj,cl} .  

 Let cp  NC (ci) – {cj, Cl, ci
+, ci

-}. 

 We can easily prove that cp  S2, since otherwise by Lemma 3.2, we have a = |C(cj
+,cp)|  h 

and b = |C(cp,cl-)|  h.  

Hence  

 |V(C)|  a + b + |S1| + |S3| + |{ci
-, ci, ci

+, cj
-, cj, cj

+, cl
-
,cl, c1

+, cp}|     4 + 2  

 and so n 5, which is a contradiction.  without loss of generality we assume that  

i + 1 < p < j – 1 and cp is the neighbour of  ci closest to cj
- in S1. 

 From Lemma 3.2(d), we know that |C (cP, cj-)|  h.  

 We first verify the following four facts. Consider the vertex cp. 

 (i) If N(cP-)  C(cP ,cj-)  , let cg ∊ N(cP-)  C(cP-, cj-), then   
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 |(Cg, C j)|  h.  

 If |(Cg, C j-)| < |V(H)|, then we may construct the cycle  

 C1 =  (cjcj-cj+ . . . ci- ci+ ci++  . . . cp- cg cg- . . . cp ci Hcj), which is longer than C (where ciHcj is a 

Hamiltonian path in H {r1 ci, r2cj} connecting ci and cj), a contradiction. (ii) ci
+cp, ci

- cp  E (G). 

 If ci
+cp  E(G), then rlcp ∊ E(G) since G[ci, cp, rl, ci

+]  K1,3. Furthermore, we claim that dH(ci) 

 2; otherwise, we have dH(ci)= 1, then dc(ci)   – 1, and we get Nc(ci)  S1  S3  { ci+, ci-}.  

 Hence n = |V(C)| + |V (H)|  dc(ci) + 4h + 7  5 – 3, a contradiction.    By dH (ci)  2, we have 

|C (ci+, cp-)|  h. 

 So n  5 |V (H)| + 12  5 + 2, which shows that (ii) holds.  

 (iii) If N(cp
-)  C(cl

+, ci
-)  . Let cy  N(cp

-)  C(cl
+, ci

-) then |C(ci
+, cy)|  h. 

 (iii) is true since otherwise we could produce a cycle C' longer than C, namely C' = (cy, cp
- cp

-

-. . . ci+cpcp+. . . cl-cl+clHCiCi-... cy), a contradiction.  

 (iv) N(cp-)  S2 = . 

 If N(cp-)  S2  , let cg  N(cp-)  S2, then a = |C(cg, c1-)|  h since otherwise C' = (cgcg- . . . 

cpci Hc1c1-c1+ ...ci-ci+ci++...cp-cg) is a cycle in G longer than C, which is a contradiction.  

 Similarly, we obtain that b = |C(cj+, cg|  h.  

 Hence n  |V(C)| + |V(H)|  a + b + |S3| + |Sl| + 9 + |V(H)|   5h + 9  5 – 1, which is 

contrary to the condition of the theorem.  Obviously, cp-cj, cp-c1  E(G) and N(cp-)  (c1+ci-).  

Now we complete the proof of the theorem in this case. 

 Let ca be the neighbour of cp- closest to cl+ on S3 if N(cp-) S3  and ca = ci- otherwise. Then 

by (iii), we have b = |C(cl+, ca)|  h.  

 Let cb be the neighbour of cp- closest to cj- on S1. Then we have that a = |C (cb, cj-)|  h and N 

(cp-)  [ca, cb] = B, Thus  

 n = |V (C)| + |V (H)|  a +b + |B| + |S2| + h + 6  5 - 2. 

This contradiction completes the proof for Case 1. 

Case 2: 

 Every vertex ck in A satisfies NC (ck) – ({ck+, ck-}  A) = . 

 Since N (ck+) – {ck}  C – A, for k = i, j , l , it is clear that ck+ and ck have no common 

neighbours other than ck
- . 

 Let x,y  N(ck+) – { ck-,ck}. As G [{x,y,ck,ck-}]  K1,3 , 

 We must have xy  E(G).  

 Hence G [N(ck
+) – {ck

-, ck}] is a complete graph.  

 Similarly, G [N(ck-) – { ck+, ck}] is a complete graph. 

 To verify following facts, consider vertex ci+.  

 (i) If ci
+ cp  E(G) and cp  S3, then b = |C(cl

+, cp)|  h.  

 Otherwise, G has the cycle C' = (cpci
+ci

++… cl
-cl

+c1Hcici
-…cp) longer than C, a contradiction.  
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 (ii) N(ci+)  S2 = . 

 Let us assume that N(ci+)  S2 =  and let cd be the neighbour of Ci+ on S2 closest to cj+.  

 Then |C(cj
+, cd)|  h; otherwise we may form a new cycle C' in G longer than C, namely C' = 

(cdcd+ . . . ciHcjcj+ cj-cj--... ci+cd), a contradiction.  

 Let ca and cb be the neighbours of ci+ closest to cl- on S2 and cj- on S1, respectively, and let cp 

 N(ci+) be the closest vertex to cl+ on S3  if N(ci+) S3  and cp = ci- otherwise. Then CaCb  E(G) 

and the neighbourhood of ci+ is contained in B = C[cp, cb] C[cd, ca] and thus we have |B|  . 

Also a = |C(ca,cl-)| + |C(cb,cj-)|  h since G contains the cycle (cj+cj++cj+++…cacbcb-…cl+cl-clHcjcj-cj+). 

 Hence     n  |V (C)| + |V(H)|  

  |B| + a + b + |C(cj
+, cd)|+ h + 6 

  5 – 2,which is a contradiction. 

 (iii) N (ci
+)  S3 = . 

 If (iii) is not true, then consider cp, the neighbour of ci+ on S3 closest to cl+. Let ca be the 

neighbour of ci+ closest to cj- on S1 and cb  N (ci+) the closest vertex to ci- on S3. Then the 

neighbourhood of ci+ is contained in  

 B = C [cp, cb ]  C[ci-, ca] and d = |C (cb, ci-)| + |C(ca, cj-)|  h, since otherwise C' = (cj+cj++… 

cbcaca-… ci+ci-ciHcjcj-cj+) would be a cycle in G longer than C.  

 Hence we know that, 

 n  |V(C)| + |V(H)|  b + d + |B| + |S2| + |V(H)| + 6   4h + |N(ci+)| + 6  5 – 2,which is a 

contradiction.  

 From (ii) and (iii), we have that N (ci+) – {ci-, Ci}  S1.  

 Similarly,  

  (iv) (N (cj-) – {cj+, cj})  (N (ci+) – {ci-, ci})  S1 

   (N (cj+) - {cj-, cj})  (N (cl-) – {cl+, cl})  S2 

                         (N (ci-) – {ci+, ci})  (N (cl+) – {cl-, cl})  S3 

  (v)  |s1| or |S2| or |S3| is less than  +  /3 – 3.Otherwise, we have |V(C)|  3( + /3 - 3) + 9 

 4 and so n  5 - 2.  

 Hence without loss of generality we assume that |s1| <  + /3 – 3 

 (vi)  NC (H) = A.  

 Otherwise, consider cp  V(C) – A and r  V(H) so that cp and r are adjacent. Then cp  S1  

S2  S3 and we may assume without loss of generality that cp  S1.  

 Since NC(ci)  A  {ci+, ci-}, we must have cpci   E (G). If r = rl, let u be a neighbour of r in H.  

 Since G [{r, u, ci, cp}]  K1,3, either ci or cp is adjacent to u. Therefore ci and cp are adjacent 

to two distinct vertices of H, hence |C (ci+, cp-)|  h.  

 Similarly, we can show that |C(cp+, cj-)|  h. We obtain therefore that n    5h + 12  5 + 4, a 

contradiction. So (vi) holds. 
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Conclusion 

 We consider the subgraph induced by a set of edges. For , F  E (G), the subgraph H 

defined by V(H) = V(F) and E(H) = F is said to be the subgraph induced by F, and is denoted by 

G[F]. if G is a line graph (of some graph), then the graph H such that G = L(H) is uniquely 

determined (with one exception of the graphs C3 and K1,3, for which both L(C3) and L(K1,3) are 

isomorphic to C3). The graph H for which L(H) = G will be called the preimage of G and denoted 

as H = L−1(G). For any subgraph C of a line graph G, L−1(C) denotes the preimage of C. 
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Abstract 

In this paper we discuss (𝜆, 𝜇)-fuzzy subgroups, mainly (𝜆, 𝜇)-fuzzy cosets and (𝜆, 𝜇)-fuzzy normal subgroups and its 

properties, some results related to (𝜆, 𝜇)-fuzzy cosets and (𝜆, 𝜇)-fuzzy normal subgroups. Also, the notions of fuzzy ideals, 

fuzzy interior ideals, fuzzy prime ideals, fuzzy semiprime ideals and fuzzy ideal extensions with thresholds (α, β) of a 

semigroup have been introduced and some important characterizations have been obtained. A further investigation into 

properties of (𝜆, 𝜇)-fuzzy subgroups, (𝜆, 𝜇)-fuzzy normal subgroups, and (𝜆, 𝜇)-fuzzy left and right cosets. It should be 

noted that we concentrate on the case (𝑒) > 𝜆 in studying fuzzy left and right cosets. 

Keywords: (𝜆, 𝜇)-Fuzzy subgroups ,(𝜆, 𝜇)-Fuzzy subsets,(𝜆, 𝜇)-Fuzzy normal subgroups,(𝜆, 𝜇)-fuzzy left and right cosets. 
Semigroup, Regular semigroup, Fuzzy ideal(fuzzy interior ideal, fuzzy prime ideal, fuzzy semiprime ideal, fuzzy ideal 

extension) with thresholds (α, β). 

 

Introduction 

In 1965, various algebraic structures have been fuzzified. As a result, the theory of fuzzy 

group was developed. Later in 1971, the notion of a fuzzy subgroup and the study of fuzzy 

groups was introduced.In 1996, Bhakat and Das proposed the concept of an (∈, ∈ ∨𝑞)-fuzzy 

subgroup in and investigated their fundamental properties. They showed that 𝐴 is an (∈ , ∈ 

∨𝑞)-fuzzy subgroup if and only if 𝐴𝛼 is a crisp group for any 𝛼 ∈ (0, 0.5] provided 𝐴𝛼 = 0̸  . 

For instance, (𝜆, 𝜇) - fuzzy normal subgroups and (𝜆, 𝜇) -fuzzy quotient groups are defined 

and their elementary properties are investigated, and an equivalent characterization of (𝜆, 𝜇) -

fuzzy normal subgroups was presented.Thus, we conduct a detailed investigation on (𝜆, 𝜇) -

fuzzy subgroups,that includes further properties of (𝜆, 𝜇) -fuzzy subgroups, (𝜆, 𝜇)-fuzzy normal 

subgroups, and (𝜆, 𝜇) -fuzzy left and right cosets. 

 The most appropriate theory for dealing with uncertainties was introduced in 1965 by 

defining fuzzy set which has opened up keen insights and applications in vast range of 

scientific fields. Yuan introduced the concept of fuzzy subgroups with thresholds. A fuzzy 

subgroup with thresholds α and β is also called a (α, β)-fuzzy subgroup. Using this concept, 

Yao continued to make researches on (α, β)-fuzzy normal subgroups, (α, β)-fuzzy quotient 

subgroups and (α, β)-fuzzy subrings. Here we introduced fuzzy ideal theory with thresholds of 

a semigroup. 

 
Properties of (𝜆, 𝜇) -Fuzzy Subgroups 

Here, G stands for a group with identity e and 0⩽𝜆<𝜇⩽1. By a fuzzy subset of G, we mean a 

mapping from G to the closed unit interval [0, 1].There are some basic properties of (𝜆, 𝜇)-

fuzzy subgroups. 

 
Definition 1 

Let 𝐴 be a fuzzy subset of 𝐺. 𝐴 is called a fuzzy subgroup of 𝐺 if, for all 𝑥, 𝑦 ∈ 𝐺,  
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(i) 𝐴(𝑥𝑦) ⩽ 𝐴(𝑥) ∧ 𝐴(𝑦), 

(ii) (𝑥−1) ⩽ 𝐴(𝑥). 

Definition 2 

Let 𝐴 be a fuzzy subset of 𝐺. 𝐴 is called a (𝜆, 𝜇)-fuzzy subgroup of 𝐺 if, for all 𝑥, 𝑦 ∈ 𝐺, 

(i) 𝐴(𝑥𝑦) ∨ 𝜆 ⩽ 𝐴(𝑥) ∧ 𝐴(𝑦) ∧ 𝜇,  

(ii) (ii) (𝑥−1) ∨ 𝜆 ⩽ 𝐴(𝑥) ∧ 𝜇. Clearly, a (0, 1)-fuzzy subgroup is just a fuzzy subgroup, and 

thus a (𝜆, 𝜇)-fuzzy subgroup is a generalization of fuzzy subgroup. 

Definition 3 

For a fuzzy subset 𝐴 of 𝐺 and 𝛼 ∈ [0, 1], let 𝐴𝛼 = {𝑥 ∈ 𝐺 | (𝑥) ⩽ 𝛼}. Then 𝐴𝛼 is called a level 

subset of𝐴. 

Proposition 4  

A fuzzy subset 𝐴 of 𝐺 is a fuzzy subgroup if and only if 𝐴𝛼 = 0 ̸  is a crisp subgroup of 𝐺 for 

every 𝛼 ∈ (0, 1]. If 𝐴 is a (𝜆, 𝜇)-fuzzy subgroup of 𝐺, then (𝑒) ∨ 𝜆 ⩽ 𝐴(𝑥) ∧ 𝜇 for all 𝑥∈𝐺.  

Proposition 5 

If 𝐴 is a (𝜆, 𝜇)-fuzzy subgroup of 𝐺, then (𝑒) ∨ 𝜆 ⩽ 𝐴(𝑥) ∧ 𝜇 for all 𝑥∈𝐺.  

Corollary 6 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subgroup of 𝐺. Then (i) if (𝑥) ⩽ 𝜇 for some 𝑥∈𝐺, then 𝐴(𝑒) ⩽ 𝜇. (ii) If 

(𝑥) < 𝜇 for all 𝑥∈𝐺 and 𝐻 = {𝑥 | 𝜆 < 𝐴(𝑥) < 𝜇} = 0 ̸  , then 𝐴(𝑒) = max{𝐴(𝑥)|𝑥 ∈ 𝐺}. (iii) If (𝑒) ⩽ 𝜆, 

then 𝐴(𝑥) ⩽ 𝜆 for all 𝑥∈𝐺. 

Proof: 

(i) If (𝑥) ⩽ 𝜇 for some 𝑥∈𝐺, then 𝐴(𝑒) ∨ 𝜆 ⩽ 𝐴(𝑥) ∧ 𝜇=𝜇 by Proposition 5; that is, 𝐴(𝑒) ⩽ 𝜇. 

(ii) When 𝑥∈𝐻, by Proposition 5, (𝑒) ∨ 𝜆 ⩽ 𝐴(𝑥) ∧ 𝜇 = 𝐴(𝑥); that is, 𝐴(𝑒) ⩽ 𝐴(𝑥). Thus (𝑒) 

> 𝜆. When 𝑥∉𝐻, (𝑥) ⩽ 𝜆 due to 𝐴(𝑥) < 𝜇. 𝐴(𝑒) = 𝐴(𝑒) ∨ 𝜆 ⩽ 𝐴(𝑥)∧𝜇 = 𝐴(𝑥) by Proposition 

5.Therefore, for all 𝑥∈𝐺, 𝐴(𝑥) ≤ 𝐴(𝑒); that is, 𝐴(𝑒) = max{𝐴(𝑥) | 𝑥 ∈ 𝐺}.  

(iii) If (𝑒) ⩽ 𝜆, then 𝜆 = 𝐴(𝑒) ∨ 𝜆 ⩽ 𝐴(𝑥) ∧ 𝜇 for all 𝑥∈𝐺, which implies 𝐴(𝑥) ⩽ 𝜆 due to 𝜆< 

𝜇. 

Proposition 7 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subset of 𝐺. Then 𝐴 is a (𝜆, 𝜇)-fuzzy subgroup of 𝐺 if and only if 𝐴𝛼 = 

0 ̸  is a subgroup of 𝐺 for all 𝛼 ∈ (𝜆, 𝜇].  

Proposition 8 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subgroup of 𝐺 and 𝑥 ∈ 𝐺. Assume 

(i) if 𝐴(𝑥) ⩽ 𝜇, then 𝐴(𝑥−1)⩽𝜇. 

(ii) If 𝜆 < (𝑥) < 𝜇, then 𝐴(𝑥−1) = 𝐴(𝑥).  

(iii) If (𝑥) ⩽ 𝜆, then 𝐴(𝑥−1)⩽𝜆. 

Proof: 

Since 𝐴 is a (𝜆, 𝜇)-fuzzy subgroup of 𝐺, 𝐴𝛼 = 0̸  is a subgroup of 𝐺 for all 𝛼 ∈ (𝜆, 𝜇] by  

Proposition 9  

(i) If (𝑥) ⩽ 𝜇, then 𝑥∈𝐴𝜇. Since 𝐴𝜇 is a subgroup of 𝐺, 𝑥−1 ∈ 𝐴𝜇; that is, (𝑥−1)⩽𝜇.  
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(ii) If 𝜆 < (𝑥) < 𝜇, then 𝐴(𝑥) = 𝐴(𝑥)∨𝜆 ⩽ 𝐴(𝑥−1)∧𝜇 = 𝐴(𝑥−1). If (𝑥−1)∧𝜇 = 𝜇, then 𝐴(𝑥−1) ⩽ 

𝜇; that is, 𝐴(𝑥) ⩽ 𝜇, which is contradictory to that 𝐴(𝑥) < 𝜇. Hence (𝑥) ⩽ 𝐴(𝑥−1). In addition, 

since 𝑥∈𝐴(𝑥) and 𝐴𝐴(𝑥) is a subgroup of 𝐺, we have 𝑥−1 ∈ 𝐴𝐴(𝑥). Therefore, (𝑥−1) ⩽ 𝐴(𝑥). In 

summary, (𝑥−1) = 𝐴(𝑥). 

(iii) Suppose (𝑥−1)>𝜆. Let 𝛼0 = min{𝐴(𝑥−1), 𝜇}. Then 𝜆 𝜆, which is a contradiction to that 

(𝑥) ⩽ 𝜆. Therefore, (𝑥−1)⩽𝜆.  

 
Properties of (𝜆, 𝜇)-Fuzzy Normal Subgroups 

Definition 9  

Let 𝐴 be a fuzzy subgroup of 𝐺. 𝐴 is called a fuzzy normal subgroup of 𝐺 if for all 𝑥, 𝑦 ∈ 𝐺, 𝐴 

(𝑥𝑦𝑥−1) ⩽ 𝐴 (𝑦). 

Proposition 10  

Let 𝐴 be a fuzzy subgroup of 𝐺. 𝐴 is a fuzzy normal subgroup if and only if for all 𝑥, 𝑦 ∈ 𝐺, 

𝐴 (𝑥𝑦) ⩽ 𝐴 (𝑦𝑥). 

Proposition 11  

Let 𝐴 be a fuzzy subset of 𝐺. Then 𝐴 is a fuzzy normal subgroup of 𝐺 if and only if 𝐴𝛼 = 0 ̸  

is a normal subgroup of 𝐺 for all 𝛼 ∈ (0, 1]. In 2005, the following notion of (𝜆, 𝜇)-fuzzy 

normal subgroup was put forward by Yao.  

Definition 12 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subgroup of 𝐺. 𝐴 is called a (𝜆, 𝜇)-fuzzy normal subgroup of 𝐺 if, for 

all 𝑥, 𝑦 ∈ 𝐺, 𝐴 (𝑥𝑦𝑥−1) ∨ 𝜆 ⩽ 𝐴 (𝑦) ∧ 𝜇. Clearly, a (0, 1)-fuzzy normal subgroup is just a fuzzy 

normal subgroup, and thus a (𝜆, 𝜇)-fuzzy normal subgroup is a generalization of fuzzy normal 

subgroup. 

Proposition 13 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subgroup of 𝐺. 𝐴 is a (𝜆, 𝜇)-fuzzy normal subgroup if and only if, for 

all 𝑥, 𝑦 ∈ 𝐺, 𝐴 (𝑥𝑦) ∨𝜆⩽𝐴 (𝑦𝑥) ∧ 𝜇. 

Proposition 14  

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subset of 𝐺. Then 𝐴 is a (𝜆, 𝜇)-fuzzy normal subgroup of 𝐺 if and only 

if 𝐴𝛼 = 0̸  is a normal subgroup of 𝐺 for all 𝛼 ∈ (𝜆, 𝜇]. 

Proposition 15 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy normal subgroup of 𝐺 and 𝑥∈𝐺. (i) If (𝑥) ⩽ 𝜇, then 𝐴(𝑦𝑥𝑦−1)⩽𝜇 for 

all 𝑦∈𝐺. (ii) If 𝜆 < (𝑥) < 𝜇, then 𝐴(𝑦𝑥𝑦−1) = 𝐴(𝑥) for all 𝑦∈𝐺. (iii) If 𝑦∈𝐺 and 𝜆 < (𝑥𝑦) < 𝜇, then 

𝐴(𝑥𝑦) = 𝐴(𝑦𝑥). (iv) If 𝑦∈𝐺 and (𝑥𝑦) ⩽ 𝜇, then 𝐴(𝑦𝑥) ⩽ 𝜇. (v) If 𝑦∈𝐺 and (𝑥𝑦) ⩽ 𝜆, then 𝐴(𝑦𝑥) ⩽ 

𝜆. 

Proof: 

(i) If (𝑥) ⩽ 𝜇, then 𝑥∈𝐴𝜇. By Proposition 21, 𝐴𝜇 is a normal subgroup of 𝐺 and thus 𝑦𝑥𝑦−1 

∈ 𝐴𝜇. Hence (𝑦𝑥𝑦−1)⩽𝜇.  

(ii) Let (𝑥) = 𝛼. Then 𝜆<𝛼𝛼. Set 𝛼0 = min{𝐴(𝑦𝑥𝑦−1), 𝜇}. Then 𝜆 𝛼, which is a contradiction to 

that (𝑥) = 𝛼. Consequently, (𝑦𝑥𝑦−1) = 𝐴(𝑥). 
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(iii) If 𝜆 < (𝑥𝑦) < 𝜇, then 𝐴(𝑦𝑥) = 𝐴(𝑥−1(𝑥𝑦)𝑥) = 𝐴(𝑥𝑦) by (ii); that is, 𝐴(𝑥𝑦) = 𝐴(𝑦𝑥).  

(iv) If (𝑥𝑦) ⩽ 𝜇, then 𝑥𝑦 ∈ 𝐴𝜇. Since 𝐴𝜇 is a normal subgroup of 𝐺 by Proposition 21, 𝑦𝑥 = 

𝑥−1(𝑥𝑦)𝑥 ∈ 𝐴𝜇; that is, 𝐴(𝑦𝑥) ⩽ 𝜇.  

(v) Suppose (𝑦𝑥) > 𝜆 on the contrary. If (𝑦𝑥) ⩽ 𝜇, then, by (i), 𝐴(𝑥𝑦) ⩽ 𝜇, which is 

contradictory to that 𝐴(𝑥𝑦) < 𝜇. If (𝑦𝑥) < 𝜇, then, by (iii), 𝐴(𝑥𝑦) = 𝐴(𝑦𝑥) > 𝜆, which is 

contradictory to that 𝐴(𝑥𝑦) ⩽ 𝜆. Hence 

𝐴(𝑦𝑥) ⩽ 𝜆. 

 
Properties of Left Cosets and Right Cosets of A 

Definition 16 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subgroup of 𝐺 and 𝑎∈𝐺. Define fuzzy subsets 𝑎∘𝐴 and 𝐴∘𝑎 of 𝐺 

respectively by (𝑎∘𝐴) (𝑥) = (𝐴 (𝑎−1𝑥) ∨ 𝜆) ∧ 𝜇, ∀𝑥 ∈ 𝐺, (𝐴∘𝑎) (𝑥) = (𝐴 (𝑥𝑎−1) ∨ 𝜆) ∧ 𝜇, ∀𝑥 

∈ 𝐺. 𝑎∘𝐴 and 𝐴∘𝑎 will be called a left coset and a right coset of 𝐴, respectively. Clearly, we have 

𝑒∘𝐴=𝐴∘𝑒, 𝜆 ⩽ (𝐴 ∘ 𝑎)(𝑥) ⩽ 𝜇 and 𝜆 ⩽ (𝑎 ∘ 𝐴)(𝑥) ⩽ 𝜇 which are valid for all 𝑥∈𝐺. 

Proposition 17 

Let 𝐴 be a (𝜆, 𝜇)-fuzzy subgroup of 𝐺, 𝑎, 𝑏∈ 𝐺, 𝛼 ∈ (𝜆, 𝜇] and 𝐴𝛼 = 0 ̸  . If 𝑎∘𝐴=𝑏∘𝐴, then 

𝑎𝐴𝛼 =𝑏𝐴𝛼. 

Proof: 

Since 𝐴𝛼 = 0̸ , 𝐴𝛼 is a subgroup of 𝐺 by Proposition 9, and thus (𝑒) ⩽ 𝛼 > 𝜆. Hence, from 

𝑎∘𝐴=𝑏∘𝐴, we know that (𝑎 ∘ 𝐴)(𝑏) = (𝑏 ∘ 𝐴)(𝑏); that is, (𝐴 (𝑎−1𝑏) ∨ 𝜆) ∧ 𝜇 = (𝐴 (𝑒) ∨ 𝜆) ∧𝜇=𝐴 

(𝑒) ∧ 𝜇. (29) If (𝑒) ⩽ 𝜇, then 𝐴(𝑎−1𝑏)⩽𝜇; that is, 𝑎−1𝑏∈𝐴𝜇 ⊆ 𝐴𝛼. Hence 𝑎𝐴𝛼 =𝑏𝐴𝛼. If (𝑒) < 𝜇, 

then 𝐴(𝑎−1𝑏 ) = 𝐴(𝑒); that is, 𝑎−1𝑏∈𝐴𝐴(𝑒). By 𝐴(𝑒) ⊆ 𝐴𝛼, thus 𝑎−1𝑏∈𝐴𝛼. Hence 𝑎𝐴𝛼 =𝑏𝐴𝛼. 

Similarly, we have the following conclusion. Let 𝐴 be a (𝜆, 𝜇)-fuzzy subgroup of 𝐺, 𝑎, 𝑏∈ 𝐺, 𝛼 ∈ 

(𝜆, 𝜇] and 𝐴𝛼 = 0̸ . If 𝐴∘𝑎=𝐴∘𝑏, then 𝐴𝛼𝑎=𝐴𝛼𝑏. 

 
Main Results 

Definition 18 

A function µ from a non-empty set S to the unit interval [0, 1] is called a fuzzy subset of S.  

Definition 19 

Let µ be a fuzzy subset of S, then we denote µλ := {x ∈ S : µ(x) ≥ λ} for all λ ∈ [0, 1]. 

Definition 20 
Let S be a semigroup. A left(right) ideal of S is a nonempty subset A of S such that SA ⊆ 

A(AS ⊆ A). A two-sided ideal(or simply an ideal) of S is a subset of S which is both a left and 

right ideal of S. 

Definition 21 
Let S be a semigroup. A non-empty fuzzy subset µ of S is called a fuzzy left ideal(fuzzy right 

ideal) with thresholds (α, β) of S if µ(xy) ∨ α ≥ µ(y) ∧ β(resp. µ(xy) ∨ α ≥ µ(x) ∧ β) for all 

x, y ∈ S. 
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Definition 22 

Let S be a semigroup. A non-empty fuzzy subset µ of S is called a fuzzy ideal with 

thresholds (α, β) of S if it is a fuzzy left ideal and fuzzy right ideal with thresholds (α, β) of S. 

Proposition 23 

Let S be a semigroup and µ1 and µ2 be two fuzzy left ideals(fuzzy right ideals, fuzzy ideals) 

with thresholds (α, β) of S. Then µ1 ∩µ2 , if it is non-empty, is a fuzzy left ideal(resp. fuzzy 

right ideal, fuzzy ideal) with thresholds (α, β) of S. 

Proof: 

Let µ1 and µ2 be two fuzzy left ideals with thresholds (α, β) of S such that µ1 ∩ µ2 is non-

empty. Let x, y ∈ S. Then (µ1 ∩ µ2 )(xy) ∨ α = (µ1 (xy) ∧ µ2 (xy)) ∨ α = (µ1 (xy) ∨ α) ∧ 

(µ2 (xy) ∨ α) ≥ (µ1 (y) ∧ β) ∧ (µ2 (y) ∧ β) = (µ1 (y) ∧ µ2 (y) ∧ β) = (µ1 ∩ µ2 )(y) ∧ β. 

Hence µ1 ∩µ2 is a fuzzy left ideal with thresholds (α, β) of S. Similarly we can prove the other 

cases also. 

Definition 24 

A semigroup S is said to be regular if x ∈ xSx for any x ∈ S. 

Proposition 25 

Let S be a regular semigroup and µ be a fuzzy interior ideal with thresholds (α, β) of S. 

Then µ is a fuzzy ideal with thresholds (α, β) of S. 

Proof: 

Let x, y ∈ S. Then there exist s ∈ S such that x = xsx. Then µ(xy) ∨ α = µ((xsx)y) ∨ 

α(since S is regular) = µ((xs)xy) ∨ α ≥ µ(x) ∧ β. Hence µ is a fuzzy right ideal with thresholds 

(α, β) of S. Similarly we can show that µ is a fuzzy right ideal with thresholds (α, β) of S. Hence 

µ is a fuzzy ideal with thresholds (α, β) of S. 

Theorem 26 
Let f : S → T be a homomorphism of semigroups and let µ be a fuzzy subsemigroup(fuzzy 

bi-ideal, fuzzy interior ideal, fuzzy ideal) with thresholds (α, β) of T. Then f −1 (µ) is a fuzzy 

subsemigroup(resp. fuzzy bi-ideal, fuzzy interior ideal, fuzzy ideal) with thresholds (α, β) of S, 

where f −1 (µ)(x) := µ(f(x)) for all x ∈ S. 

Proof: 

Let x, y ∈ S and µ is a fuzzy subsemigroup with thresholds (α, β) of T. Then f −1 (µ)(xy) ∨ 

α = µ(f(xy)) ∨ α = µ(f(x)f(y)) ∨ α(since f is a homomorphism) ≥ (µ(f(x)) ∧ µ(f(y))) ∧ β = (f 

−1 (µ)(x) ∧ f −1 (µ)(y)) ∧ β. Hence f −1 (µ) is a fuzzy subsemigroup with thresholds (α, β) of 

S. Similarly we can prove the other cases also. 

Definition 27 

Let S be a semigroup. An ideal P of S is said to be completely prime if for any two elements 

a, b ∈ S, ab ∈ P implies that a ∈ P or b ∈ P. 

Definition 28 

A fuzzy ideal µ with thresholds (α, β) of S is called a fuzzy prime ideal with thresholds (α, 

β) of S if µ(xy)∨α = (µ(x)∨µ(y))∧β ∀x, y ∈ S. 
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Theorem 29 

Let µ be a fuzzy subset of S. Then the following are equivalent: (1) µ is a fuzzy prime ideal 

with thresholds (α, β) of S; (2) µλ is a completely prime ideal of S, for any λ ∈ [α, β). 

Proof: 

(1) ⇒ (2) : Let µ be a fuzzy prime with thresholds (α, β) of S. Let λ ∈ [α, β) such that λ is 

non-empty. Let for x, y ∈ S, xy ∈ µλ . Then µ(xy) ≥ λ. Since λ ≥ α, so µ(xy) ∨ α ≥ λ. Since µ is 

a fuzzy prime ideal with thresholds (α, β) of S, so (µ(x)∨µ(y))∧β ≥ λ = λ∧β. Consequently, 

(µ(x)∨µ(y)) ≥ λ, which implies that µ(x) ≥ λ or µ(y) ≥ λ. So x ∈ µλ or x ∈ µλ . Hence µλ is a 

completely prime ideal of S. 

(2) ⇒ (1) : Let µλ is a completely prime ideal of S. Let x, y ∈ S and µ(xy) ∨ α = λ. Since λ ∈ 

(α, β], so µ(xy) ≥ λ. So xy ∈ µλ . Since µλ is completely prime, so x ∈ µλ or y ∈ µλ . This 

implies that µ(x) ≥ λ or µ(y) ≥ λ. Then µ(x) ∨ µ(y) ≥ λ.  

Since λ ∈ (α, β], so (µ(x) ∨ µ(y)) ∧ β ≥ λ = µ(xy) ∨ α......................(1).  

Since µ is a fuzzy ideal with thresholds (α, β) of S, so µ(xy) ∨ α ≥ µ(x) ∧ β and µ(xy) ∨ α 

≥ µ(y) ∧ β.  

Then µ(xy) ∨ α ≥ (µ(x) ∧ β) ∨ (µ(y) ∧ β) = (µ(x) ∨ µ(y)) ∧ β...................(2).  

Combining (1) and (2) we have µ(xy)∨α = (µ(x)∨µ(y))∧β. Hence µ is a fuzzy prime ideal 

with thresholds (α, β) of S. 

Definition 30 

Let S be a semigroup, µ be a fuzzy subset of S and x ∈ S, then the fuzzy subset < x, µ >: S → 

[0, 1] defined by < x, µ > (y) = µ(xy) for all y ∈ S is called the extension of µ by x.  

Proposition 31 

Let S be a commutative semigroup, µ be a fuzzy ideal with thresholds (α, β) of a S and x ∈ 

S. Then < x, µ > is a fuzzy ideal with thresholds (α, β) of S. 

Proof: 

Let µ be a fuzzy ideal with thresholds (α, β) of a commutative semigroup S and p, q ∈ S. 

Then < x, µ > (pq) ∨ α = µ(xpq) ∨ α ≥ µ(xp) ∧ β =< x, µ > (p) ∧ β. So < x, µ > is a fuzzy ideal 

with thresholds (α, β) of S. Hence S being commutative < x, µ > is a fuzzy ideal with thresholds 

(α, β) of S. 

Concluding Remarks  

In this paper, we present a further investigation into properties of(𝜆, 𝜇)-fuzzy 

subgroups,(𝜆, 𝜇)-fuzzy normal subgroups, Journal of Applied Mathematics 7 and (𝜆, 𝜇)-fuzzy 

left and right cosets. It should be noted that we concentrate on the case (𝑒) > 𝜆 in studying 

fuzzy left and right cosets. The reason is that(𝑎∘𝐴)(𝑥) = 𝜆 is valid for all 𝑥 ∈ 𝐺 when 𝐴(𝑒)  𝜆, 

which is of little mathematical significance. Certainly, some other topics of(𝜆, 𝜇)-fuzzy 

subgroups such as the characterization of (𝜆, 𝜇)-fuzzy subgroups and operations of (𝜆, 𝜇)-fuzzy 

subgroups are still open for the research in the future. 
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Abstract 

 This chapter provides a constructive characterization of those trees and also constructive characterization of those 

trees with equal independent   edge domination and connected edge domination numbers is obtained. We note that γ′c 

(G) is defined for graphs G with no isolated edges. This chapter obtains some bounds for γ′c (G). 

Keywords: vertex, neighborhood point, edges. 

 
Introduction 

 Let F be a minimum edge dominating set of G. If E-F contains and edge dominating set say 

F′ , then F′  is called a complementary edge dominating set of G with respect to F. The 

complementary edge domination number γ′ c (G) of G is the minimum number of edges in a 

complementary edge domination set of G. We note that γ′ c (G) is defined for graphs G with no 

isolated edges. This chapter obtains some bounds for γ′ c (G). 

 
Inverse Dominating Set 

 If V – X contains a dominating set say X′  of G, then X′  is called an inverse dominating set 

with respect to X. The inverse domination number   γ-1 (G) is the minimum number of vertices 

in an inverse dominating set of G.  

 
Complementary Edge Dominating Set 

 Let F be a minimum edge dominating set of G. If E – F contains an edge dominating set, say 

F′  of G, then F′  is called a complementary edge dominating set with respect to F. The 

complementary edge domination number γ′ c (G) of G is the minimum number of edges in a 

complementary edge dominating set of G.   

 
Example: 

         e8  e9                                             e2          e5 

      
 e4        e1    e7  e6  

 Here F = {e2,e5} and  F′  = { e3, e6, e7}  

 Hence γ′ (G) = 2 and γ′ c (G) = 3. 

  

e3 
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Open Neighborhood and Closed Neighborhood 

 The set of neighbors of  vertex v, that is vertices adjacent to v not including v itself, forms 

an induced subgraph called the open neighborhood of v and denoted by NG(v). 

 When v is also included, it is called a closed neighborhood and denoted by NG[v].In general, 

we use < X > to denote the sub graph induced by the set of vertices X and N(v) and N[v] denote 

the open and closed neighborhoods  of a vertex v, respectively. 

 
Theorem  1.1.   

 For any graph G without isolated edges,  

 γ′ (G) ≤ γ′ c (G) 

Proof 

 Every complementary edge dominating set is an edge dominating set. 

Thus         

 γ′ (G) ≤ γ′ c (G) 

 The list of the complementary edge domination number of some standard graphs which 

are straightforward. 

 
Theorem   1.2. 

(i) For any complete graph Kp with p  ≥ 3 vertices  

 γ′(Kp) =   𝑝/2   

(ii) For any complete bipartite graph Km, n with 1 ≤ m, 2 ≤ n, m ≤ n, 

 γc′ (Km,n) = m 

(iii) For any cycle Cp with p ≥ 3 vertices, 

(iv) γc′ (Cp) =  𝑝/3  

(v) For any path Pp with p ≥ 3 vertices, 

 γc′ (Pp) =  𝑝/3  

(vi) For any wheel Wp with p ≥ 4 vertices,γc′ (Wp) =  (p+2)/3   

 It is noted that in all the above five cases γ′ c (G) = γ′  (G) 

 
Theorem 1.3. 

 For any graph G with p ≥ 3 vertices, 

 γ′ c (G) ≤ β1 (G) 

Proof. 

 Let F be a minimum edge dominating set in G and S be a maximum  independent edge set 

in E – F. Then every edge in E – (FUS) is adjacent to  at least one edge in S. If every edge in F is 

adjacent to at least one edge in S, then S is a complementary edge dominating set of G. 

Otherwise, let F′ C F  be such that no edge in F′  is adjacent to an edge in S. Then every edge in 

F′  is adjacent to at least one edge in E – (FUS), so for each edge in F′  pick in   E – (FUS) an 

edge adjacent to it and let R be the set of all such edges.  

 Then │R│ ≤ │F′ │, and  
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 γ′ c (G) ≤ │S U R│ 

 ≤ │S│ + │F′ │                                                                                                  

 ≤   β1(G). 

 The open neighbourhood  N(e) of an edge e of G is the set of all edges adjacent to e in G.   < 

N(e) >  is the subgraph of G induced by N(e). 

 
Theorem 1.4. 

 Let F be a minimum edge dominating set of G. If for each e  F, the induced subgraph < 

N(e) > is a star, then 

 γ c′  (G) = γ′  (G) 

Proof. 

 Let F be a minimum edge dominating set. Then, under the hypothesis, F′  = {e′ , e′  

adjacent to e F  } is a minimum complementary edge dominating set. Thus 

 γ′ c (G) = │F′ │ 

 = │F│ 

 =  γ′  (G) 

 Hence, proved. 

 
Theorem 1.5.  

 For any graph G with maximum edge degree ∆′ , 

 γ′ c (G)  ≤   ∆′ q/(∆′ +1)  

 Further, equality holds if G = P3 or P4. 

Proof 

 Due to Jayaram ,   γ′c (G) ≥   q/(∆′+1)  

 Also by definition of γ′c (G)  , we have  

 γ′ c (G)  ≤  q- γ′  (G) 

 ≤ q -  q/(∆′ +1)  

    = ∆′ q/(∆′ +1)  

 Thus  γ′ c (G) ≤   ∆′ q/(∆′ +1)   Further, equality holds if G=P3 or P4 

 
Main Results 

Theorem 2.1 

 For any tree T, γe′  (T) ≥ γi′  ( T). Equality holds if and only if T is isomorphic to a spider or 

a wounded octopus with at least one tentacle of path length one. 

Proof 

           Let F ={ e1, e2,……… ,em }  be the set of all end edges and F′ ∈ N(F) in T . Suppose H  E(T)\F 

U F′  is a γ′  - set of E(T)\ F U F′ , then F U H denote the end edge dominating set of T . And let 

A= E (T ) \ F U H , that are adjacent to the edges of E (T ) \ F U H . Possibly A=Φ . Then B A is 

an edge dominating set of T . For A= Φ, there exists at least one independent edge e ∈ B in F U 
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H. Clearly, B is an independent edge dominating set of T and  │B│= γi′  (T). Since  γe′  -set 

contains all the end edges of T , it follows that, │F U H│≥  │B│ and  hence  γe′  (T ) ≥ γi′  ( T). 

 Conversely, if T is not a spider or a wounded octopus with at least one tentacle of path 

length one. Then there exists at least one edge e  ∈ N[F] and e ∈ H. Clearly F U H is a   γe′ - set of 

T. It follows that │F U H > │B│and hence  γe′  (T ) > γi′  ( T), a contradiction. Suppose T is 

isomorphic to a spider or a wounded octopus with at least one tentacle of path length one. In 

this case, F itself is a γe′  - set of T . Clearly, │F│ =│ B│ and hence γe′  (T ) = γi′  ( T). 

 
Theorem 2.2. 

 For any tree T with diam (T) ≤ 3, γe′  (T ) = γi′  (S( T)) where 

 S (T) is subdivision of a tree T . 

Proof 

 Let P = { e1, e2,……… ,en }  be the set of all edges which constitute the longest path in T such 

that │P│ =diam(T) ≤  3. Let F ={ e1, e2,……… ,ek }  be the set of all end edges, which is a γe′  - set of 

T Further, let B ={ e1′ , e2′ ,……… ,ei′  }  be the set of minimum independent edges of S(T) , which 

is a γi′  -set of S(T) . Clearly, │F│ =│ B│ and hence γe′  (T ) = γi′  (S(T)) . 

 We shall prove the following Theorem. 

 
Theorem 2.3.                                                                                                              

 For a tree T , the following statements are equivalent if and only 

 if T is a spider. 

 a) γe′  (T ) = γi′  ( T). 

 b) γe′  (T ) = γc′  ( T). 

 c) γi′  (T ) = γc′  ( T). 

Proof. 

 For Condition (a). Let F = {e1, e2,……… ,en }   be the set of all end edges, which is a γe′ -set of T . 

Further there exists at least one edge e′  ∈ N(ei), 1 ≤  i ≤  n , such that the set B = {e′ } U { e1, 

e2,……… ,en-1 }  forms a minimal independent edge dominating set of T or F = B itself is a γi′  -set of 

T . 

 Clearly, │F│ =│ B│ and hence γe′  (T ) = γi′  ( T) . 

 Conversely, suppose T is not a spider. Then there exists at least one edge e such that either 

e ∈ N(ei) or B – {e} forms a γi′ -set of T .  Clearly, │F│ >│ B│, a contradiction. Hence T must be 

a spider.  

 For Condition (b). Since F is a  γe′ -set of T , there exists a set Q = N (F) , the set of 

connected edges such that N [Q ] = E(T ) . Clearly, Q denotes the γc′ -set of T and │Q│ = γc′ . 

Further it follows that │F│ =│ Q│ and hence  γe′  (T ) = γc′  ( T). 

Conversely, suppose T is not a spider. In this case, if there exists at least one edge e ∈ N (F), 

then clearly, │ F│ ≤ │ Q│ , otherwise │F│ >│ Q│, a contradiction in both cases. Hence T must 

be a spider. 

 For Condition (c), it follows from conditions (a) and (b). 
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 To obtain further characterization, three types of operations are used to construct trees 

with equal end edge domination and independent edge domination numbers. 

Type – 1 operation: Attach a path  P1 to a vertex of tree T , which is an end vertex of T 

Type – 2 operation: Attach a path  P2 to a vertex of tree T , which is an end vertex of T . 

 Type – 3 operation: Attach a path  P3 to a vertex of tree T , which is an end vertex of T . 

 Now define the following families as 

  1 ′  = {T /T is obtained by a finite sequence of operations of type –1 or type –2}. 

 2 ′  = {T /T is obtained either by the operations of type–1 or type–2 or type–3 or all 

together to  vi/2 end vertices}, where vi is the number of cut vertices. Let τe′  be the family of 

trees that have equal end edgdomination  and independent edge domination numbers. Then 

τe′ = {T/ γe′ (T)= γi′ (T)} 

 
Lemma 2.3.1 

 If T ∈ τe′ and T′  is obtained from T by a finite sequence of type-1 operation, then T′  ∈ τe′  

Proof 

 Let S and  S′   be the γe′ - set and γi′ -set of T respectively. Since S contains  all the end 

edges, it follows that │S│≥│S′ │and T  ∈ τe′  . Suppose T′  is obtained from T by attaching the 

paths vi ui, i =1,2,...,n to the vertices vi  in T . Then we show that γe′ = γi′ . Since T′  is obtained 

from T by a finite sequence  of type-1 operation, the edges ei are in no γe′  -set of T . If e1 =v1 u 1   

∈   T′  , then γe′  (T ) ≥ │S│-1= γe′  (T )-1. However  any  γe′ - set of T′  can be extended to an 

independent edge dominating set of T by adding the vertex  u1 to v1 and so γe′  (T ) ≤ γe′  

(T′ )+1  . Hence S – {e1 } is an end edge dominating set of T and γe′ = γi′ . Clearly, T′  ∈ τe′ . 

 
Lemma2.3.2 

 If T∈ τe′  and T′   is obtained from T by a finite sequence of             

 Type – 2 operation, then T′  ∈ τe′ . 

Proof 

 Let S and S′   be the γe′  - set and γi′  -set of T respectively. Since γe′  –set contains all the 

end edges, it follows that │S│≥│S′ │.  Hence T ∈ τe′ . Suppose T′  is obtained from T by 

attaching the paths vi uiwi, i =1,2,...,n to the vertices  vi in T . Then we show that γe′ = γi′  .                        

Since T′  is obtained from T by a finite sequence of type-2 operation, the edges are in no γe′  -

set of T. 

If   any P2, v1u1w1   ∈ T′ , then γe′  (T′  ) ≥ │S│-2 = γe′  (T ) - 2. However any γe′  - set of T′  

can be extended to an independent edge dominating set of T by adding  the vertices  w1 to  u1 

and  u1 to  v1 and so γe′  (T ) ≤ γe′  (T′  )+2. Hence S- {v1u1w1} is an end edge dominating set of 

T and γe′ = γi′ .           Clearly T′  ∈ τe′ . 

 
Lemma 2.3.3 

 If  T ∈ τe′ and T′   is obtained from T  by a type-2 operation, then T′  ∈ τe′  . 
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Proof 

 Let S and  S′   be the γe′  - set and γi′  -set of T respectively. Then │S│≥│S′ │ and T ∈ τe′  . 

Suppose T′   is obtained from T by attaching the path vuw  to an end vertex v in T . Then we 

show that γe′ = γi′   . Since T′   is obtained from T by a type-2 operation, it is in no γe′  -set of T .                                    

If the edge  e = uw   ∈ T′  ,then. γe′  (T′  ) ≥ │S│-1= γe′  (T )-1 However any    γe′  -set of  T′   

can be extended to an independent edge dominating set of T by adding a vertex w to u and so  

γe′  (T ) ≤ γe′  (T′  )+1. Hence S −{e} is an end edge dominating set of T and γe′ = γi′ . Hence T′  

∈ τe′  

 
Lemma 2.3.4 

If T ∈ τe′  and T′  is obtained from T by a type-3 operation, then  T′  ∈ τe′ . 

Proof 

 The proof of this result is similar to that of Lemma 4.2.3. 

 Now prove the following equivalence. 

 
Theorem 2.4.  

 For any tree T , γe′ = γi′  if T ∈ τe′ . 

Proof 

 Let S and  S′   be the γe′  - set and γi′  -set of T respectively.  Since S contains all the end 

edges, clearly │S│≥│S′ │, which is a contradiction. Now without   loss of generality, T′  is 

obtained from T by a finite sequence of type-1 or  type-2 operation. Let F = { e 1, e 2,…e k} 

denote the minimal independent edge dominating set of T′  and │F│= γi′ . Further by Lemmas 

4.2.1, 4.2.2 and 4.2.3, it follows that │S│= │F│ and hence   γe′ = γi′  . 

 
Theorem 2.5 

   2 ′   τe′ . 

Proof. 

 Suppose that T ∈  2 ′ . Then we have to prove that T ∈ τe′ . For  this, we use induction on 

O(T) , the number of operations required to construct the tree T . If O(T ) = 0 , then T=P2 ∈ τe′ . 

Assume, then, that for all trees T′  ∈  2 ′  with O(T ) < k , where k ≥ 1 is an integer, that T′  ∈ 

τe′ .  Let T ∈  2 ′  be a tree with O(T ) = k .Then T is obtained from some tree T′   either by a 

type-1 ortype-2 operation. But then T' ∈  2 ′  and  O (T′ ) < k . Applying the inductive 

hypothesis to T′  ∈ τe′ . Hence by the Lemmas 4.2.1, 4.2.2,4.2.3 and 4.2.4, T ∈ τe′ . 

 
Theorem 2.6 

 τe′    2 ′ . 

Proof 

 Suppose that T ∈ τe′ , then we show that T ∈  2 ′ . For this we  use induction on p , the 

order of tree T . If p ≤  5 , then, T ∈{P2 ,P5}  and clearly T ∈ Ŕ2′ . Assume, then, that for all trees 

T′   ∈ τe′  of order p′  < p where p ≥  6 , that T′  ∈  2 ′ .Let T ∈ τe′  be a tree of order p. Let v1, 
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v2,……., vi  be a longest path in T . Let S be the γe′  -set of T . Then by Lemma 4.2.5, T is a 2- 

packing. Since v1 v2 ∈ S , v2v3 ∈ S. Notice, therefore, that v2 v3 is not an end edge of T . 

 Since  v1 v2 ∈ S  , let T′ =T- v1 v2. Any γe′  -set of T′   can be extended to an end edge 

dominating set of T by adding a vertex  v2 to  v1 and so  γe′  (T ) ≤  γe′ (T′ )+1. However S\{ v1 

v2}  is a γe′  -set of T′   , and so  γe′  (T′  ) ≤  │S│ -1= γe′ (T)-1 . Consequently,  γe′  (T ) =  

γe′ (T′ )+1. Hence S\{ v1 v2 }   is a γe′  -set of T′  . Clearly,  T′  ∈ τe′ . Applying the inductive 

hypothesis to T′  ,  T′  ∈  2 ′ . By Theorem 4.2.8, S\{ v1 v2 }   is the unique         γe′  -set of T′   .  

 In particular, we notice that   v3 v4 does not belong to any γe′  -set of T′ . Hence T is 

obtained from T′  by a type-1 operation. Thus, T ∈  2 ′ .  

Since v2v3  ∈ S , v3 v4 ∈ S . Let T′  = T − v1 v2 - v2v3. Proceeding as in the above paragraph, T′  

∈ τe′ . Applying the inductive hypothesis to T′ , T ∈  2 ′ .Thus,  since  v3v4  belongs to γe′  -set 

of  T′   , T is obtained from T′   by a type-2operation.  Thus ,T ∈  2 ′ . Suppose  v3 v4    ∈ S , v4 v5 

∈ S . Let T′  = T − v1 v2 - v2v3- v3 v4 . Proceeding as in the above paragraph, T′  ∈ τe′ . Applying 

inductive hypothesis to T′ , T′  ∈  2 ′ . Thus, since   v4 v5 belongs to a γe′  -set of T′ , T is 

obtained from T′   by a type-3 operation. Thus, T ∈  2 ′ . 
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Abstract  

 In the past decade, bioinformatics has become an significant part of research and advancement in the biomedical 
sciences. Bioinformatics now has an indispensable role both in decipher data generated by high-throughput untried 
technology and in organizing in sequence gather from conventional environmental science. Sequence-based method of 
analyze personality genes or proteins have been complicated and expanded, and technique have been developed for 
analyzing large figures of genes or proteins all reciprocally, such as in the classification of clusters of interrelated genes and 
networks of work in concert proteins. With the complete genome succession for an ever-increasing quantity of organisms 
at hand over, bioinformatics is origination to build available both conceptual basis and matter-of-fact method for 
detecting widespread purposeful behaviors of the miniature room and the organism. 

Keywords: Classification, Clusters, Genome, Organism and Environmental Science.     

 

Introduction 

  The exponential enlargement in molecular sequence data started in the early 1980s when 

methods for DNA sequencing became widely accessible. The numbers were accumulated in 

databases such as Gen Bank, EMBL (European Molecular Biology Laboratory nucleotide 

sequence database), DDBJ (DNA Data Bank of Japan), PIR (Protein Information Resource) and 

SWISS-PROT, and computational methods were developed for data retrieval and analysis, 

including algorithms for sequence similarity searches, structural predictions and purposeful 

predictions. Such actions of computational biology or ‘bioinformatics’ as it is now called were 

previously apparent in the 1980s, even though they chiefly implicated DNA and protein 

sequence analysis and, to a microscopic extent, the psychotherapy of three-dimensional (3D) 

protein design. 

 The impact of the genome projects of the long-ago years is not simply an increased amount 

of sequence data, but the diversification of molecular biology data. A genome succession in 

attendance not only a absolute set of genes and their specific location in the chromosome, but 

also gene communication associations surrounded by the genome and transversely species. 

Automatic sequencing has had an enormous impact as it has been at the obverse position of 

the high- throughput age bracket of unexpected biological data expressed- progression tags 

(ESTs) and single-nucleotide polymorphisms (SNPs) among others. Experimental 

acquaintance have been residential, remarkably DNA microarrays for systematically analyze 

gene appearance profiles and multiply two-hybrid organization and collection spectroscopy 

for detecting protein-protein road and rail set of connections. Initiatives on structural 

genomics are not during the sweeping manufacture segment as yet, but they will certainly 
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result in an enlarged amount of protein 3D structural data. In addition to the continual 

increase of experimental technologies for accumulating opposite molecular biology data, the 

past decade saw developments in informatics technologies. 

  The single most important event was the arrival of the Internet, which has transformed 

databases and access to data, publications and other aspects of information transportation. 

The Inter- net has become so commonplace that it is hard to visualize that we were living in a 

world lacking it only 10 years ago. The rise of bioinformatics has been largely due to the 

various range of large- scale data that necessitate urbane methods for government and 

analysis, but it is also due en route for the Internet, which has made both user access and 

software development far easier than before. 

 There is no suspicion that the lists of molecular parts’ obtained by systematic experiment 

and open to the elements using bioinformatics apparatus have helped to advance bequest and 

other biological sciences. As compare with physics or chemistry, nonetheless, biology is at a 

stand stilll not fully formed knowledge in the sense that we cannot make predictions based 

happening wide-ranging principles. This location is spring to transfigure from closing stages to 

end our expanding remainder of comprehensive data and accrue societal contact and from 

beginning to end bioinformatics, which is slowly but without doubt alter in course to become a 

more elementary discipline. The imperative goal of bioinformatics will be to abstract 

acquaintance and viewpoint from significant figures, to in numeral in attendance a absolute 

description of the cell and the creature, and to expect computationally system of higher 

intricacy, such as the communication networks in cellular succession and the phenotypes of 

whole organisms. Beginning this standpoint, as illustrated we absent a chronological 

description of the get sophisticated of bioinformatics. 

 
From Sequence to High-Throughput Data Analysis 

 The first big break from beginning to end in the past decade was the foreword of the 

speedy sequence database investigate tool BLAST. This poke around earnings was not only 

added efficient than FASTA, which had been developed in the 1980s, but also based on poles to 

one side principles. A catalog search involves pair-wise connection of the query succession 

against each sequence contained in the database.  Traditionally, this judgment was treated as 

an optimization question that searches for the best possible sequence alignment maximizing 

either the number of matched letters or the likeness score using an amino acid transformation 

matrix. When gaps are allowed, there are an enormous number of potential for aligning two 

sequences; on the other hand, the optimal alignment can be found scrupulously by the ‘vibrant 

programming’ algorithm, which systematically  ‘prunes’  the  underbrush  of  the  rummage 

around  tree  containing  all promising alignments. Unfortunately, this algorithm requires 

much computation time and is not readily appropriate to large-scale databases. Thus, the 

approach taken in FASTA is original to do a rapid, rough investigate for harmonized areas by 

means of a data structure called ‘hash’ and then to apply the self-motivated encoding algorithm 

in the locality of those areas. 
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 Whereas FASTA follows the practice of combinatorial optimization, BLAST is based on 

mathematical statistics coupled with human insight. For case in point, if we humans were to 

com- pare two sequences by eye, we would not dare to examine all potential alignments; 

rather, we would look for common patterns shared by two sequences and try to extend these 

to obtain longer matches, because we know that related sequences tend to contain conserved 

sequence motifs. This is the approach taken in BLAST, which incorporates a resonance 

mathematical foundation to calculate the information of high-scoring segment pairs 

(HSPs)un- gapped local alignments whose scores cannot be improved by extension or 

trimming. The probability of finding an HSP with score S is known to follow an extreme value 

distribution, and this probability or so-called ‘E  value’ can be estimated for a given mishmash 

of the query sequence, the database to be searched and the score system. The E value is now 

used widely as a homogeneous measure to estimate statistical significance of sequence 

communication, in other words, how often one would expect to observe a fastidious folder hit 

by chance alone. 

 At about the matching time that BLAST was developed, researchers started to build up a 

different type of datathe gene-based sequence-tagged sites or EST that would subsequently 

influence the nature of sequence databases. The mass collection of data containing single-pass 

(low-quality and fragment) sequences is a quick way to capture a complete collection of genes 

expressed in specific cells or tissues. In this approach, discharge is the method of preference to 

search for similarities against existing databases and to do all-against-all comparison 

surrounded by the data set for identifying cluster of similar sequences The mid-1990s saw the 

collected works of another, qualitatively different type of collection sequence datathe whole 

genomes of cellular organisms. 

 Starting with the diminutive bacterium Haemophilus influenza, progressing to yeast and 

the more-complex multi-cellular organisms Caenorhabditis elegans and Drosophila 

melanogaster and ultimately, the draft sequence of the human genome The absolutely 

sequenced genomes of more than 100 organisms are now available and many more are in 

progress, in somebody's company with a finished description of the human genome. An 

augment in the amount of large-scale sequence data does not necessarily lead to an increase in 

biological acquaintance unless it is accompany with new or superior tools for sequence 

analysis. 

 Elaborate methods have been residential to augment the sensitivity of sequence similarity 

search by a factor of three, the most successful ones living being PSI-BLAST and secreted 

Markov models (HMMs). PSI-BLAST is an enormously sensitive method to detect weak 

similarities and is based on an iterative procedure that makes succeeding improvements to the 

position-specific scoring matrix (or ‘profile’) initially create by a average BLAST rummage 

around. Similar to profiles, HMMs are construct from multiple string alignments, such as 

persons fashioned by CW and X but they explicitly incorporate the probabilities of insertions 

and scoring through and enable a search against an HMM credentials to detect subtle 

succession facial manifestation.b 
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Fig.1 A view of bioinformatics past, present and future 

 

 Supplementary successful 

methods for sequence analysis 

have been based on neural 

networks, ensuing in considerable 

upgrading in, for example, protein 

resulting structure predictions, 

and on rule-based systems that 

predict different functional 

features of proteins, for example, 

the prediction of protein 

localization by PSORT (a wide-

ranging survey of prediction 

accuracy in different areas of 

sequence analysis). 

 Genetic awareness obtained beginning the analysis of most important databases 

containing sequences and 3D structures was stored in secondary databases for supplementary 

location purposes, and this development has continued. With the growing numeral of complete 

genomes accessible for comparative studies, similar types of function calculation concepts 

have been developed, remarkably ‘gene context’ and ‘gene con- tent’ analyses (reviewed). If 

the genome is viewed as a string of genes, gene context represent the positional association of 

genes, such as an operon in prokaryotic genomes. Gene situation analysis, involving the 

judgment of gene orders and gene fusions across different genomes, can detect the functional 

association of proteins, such as physically interacting subunits, members of the same pathway 

and an enzyme and its regulator. 

 By contrast, gene content analysis is a evaluation of gene repertoires transversely assorted 

genomes. When two genes are present or absent in a correlated manner among many 

organisms, there may be a functional association among these genes. A prerequisite to such an 

analysis is to institution or relationships that is, functionally identical genes that have 

descended from a widespread precursor. In practice, ortholog are defined by sequence 

similarities, often by the conviction of bidirectional greatest hits in pair wise genome 

comparison. The COG database was one of the early and nearly all important efforts to 

organize understanding about orthologous groups among entirely sequenced genomes. From 

molecular to higher order function 

 The availability of different types of high- throughput investigational data in the late 1990s 

has lingering the role of bioinformatic and facilitated the analysis of higher order functions 

involving a choice of cellular processes. Notably, a nucleotide array or a DNA microarray 

contain each gene in the genome is a controlling tool to measure gene expression across a 

whole cell or tissue under different conditions. In addition to sequence similarity and 
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proximity on the chromosome, two genes can now be related by their similarities in expression 

profiles, either at specific time points or in other prohibited conditions. Clusters of co-

regulated genes can be detected inauguration gene appearance data a process that is similar 

in essence to detecting clusters of orthologous genes in COG or clusters of positionally 

correlated genes in gene context analysis and these appearance clusters can identify 

apparent members of gene groups responsible for specific physiological development.  

 Complex gene expression data also have encouraged application of informatics 

technologies, including self-organizing maps and support vector machines, for the extraction of 

inherent biological skin texture. Protein-protein exchanges represent another type of 

experimental data. High-throughput two-hybrid system analyses have been performed for 

whole set of protein pairs encoded in the yeast genome, and components in purified protein 

complexes in yeast have been well-known systematically by mass spectroscopy. These data 

sets add an supplementary layer of in sequence about proteins (protein interactions) to the 

existing genome (sequence similarity and gene context) and transcriptase (expression 

similarity) data sets. All of these data sets can be treated as collections of binary relationships 

that is, relationships between two objects which tolerate an analysis that can extract biological 

features more accurately. When different data sets in yeast were combined, frequently found 

pairs were likely to be biologically more meaningful. This implies that data on advanced order 

function usually have higher error rates, which the interpretation can contain many pitfalls, 

and that rigorous benchmarking is therefore corresponding networks of interacting molecules 

in mechanical forms, often as graphical pathway diagrams. Inevitably, it is necessary to collect 

data and assistant from published literature accumulated over many years from required. 

 Until recently, there was no common terminology for the unusual aspects of function. The 

first steps towards a common vocabulary for protein function have been taken by the Gene 

Ontology Consortium so that functional features can be com- pared and described better. The 

Gene Ontology Consortium categorizes currently accumulated and vigorously changing 

knowledge into three systematic terminologies or ontology: the ‘molecular function’ of an 

individual protein; the ‘biological process’ in which a protein is occupied; and the ‘cellular 

component’ in which a protein functions .To increase our understanding of cellular processes 

from genome in turn, pathway database, for example KEGG and Eco Cycle, have been created in 

the past decade (Table 1). Whereas most databases concentrate on molecular  properties (for 

example, sequences, 3D structures, motifs and gene expressions), these databases tackle 

multipart cellular  proper- ties, such as metabolism, signal transduction and cell cycle, by 

storing the conventional studies of biology. At least for metabolic pathways, the past 

familiarity is relatively well organized in these databases, providing a reference data set for 

annotating genomes (the ‘metabolic reconstruction’) and for broadcast microarray and 

supplementary high-throughput investigational methods. 
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 In contrast to the sequence, which is 

simple one-dimensional object, the network 

of interact molecules is represented as a 

complex graph object. Mathematically, a 

graph is a      set of nodes and edges and, 

depending on what is to be taken as       a 

node, dissimilar types of graphic objects can 

be defined. For example, the protein sequence 

is a graph object consisting of amino acids        

Fig.2 Bioinformatics development     (nodes) unrelated by  peptide  bonds (edges),  while 

the protein 3D configuration is a illustration object consisting of atoms (nodes) and atomic 

interactions (edges). To understand higher  functions,  it  is  necessary  to  consider  ‘higher’  

graph objects: database consists of three such objects called  ‘protein  network’,  ‘gene  

universe’  and  ‘chemical  universe’,  for  which  the  nodes  are  proteins,  genes  and  element 

composite, in that order. These  databases  of  higher  graph  objects have paved the technique  

for  upward  chart  algorithms,  such as those for detect local graph similarities among 

pathways, expression profiles and genomic contexts. 

 The concept of the E value in the BLAST search is based on the view that the database is an 

unmoved works of independent stuff (sequences). By contrast, the database or a few 

interaction network databases contain graph objects that are collections of nodes (proteins, 

genes or chemical compound) that are innately related by unlike types of edge. Thus, the 

statistics of comparison and other features of the diagram must be understood and converted 

to a new E value for the network analysis   to become more intelligent and efficient in 

accompanying words, a FASTA-to-BLAST category of development. Toward this end, recent 

analyses on global statistical features of network topology may have relevance. Various 

interaction networks of complex systems such as the Internet and social networks, as glowing 

as metabolic networks. 

 Regulatory networks and other natural networks, share common belongings of network 

topology. One property is the ‘tiny world network, in which any two nodes can be coupled by 

the marginal steps for the reason that of the dividing topology between entirely regular and 

completely accidental diagram. Another property is the ‘scale-free’ network, in which the node 

connectivity distribution follows an influence law, which suggests the subsistence of highly 

connected nodes (hubs). In the recurrently getting advanced Internet and social networks, 

these properties have been related to the tendency of innovative nodes to be associated to 

larger hubs. In the biological networks, the implication must be pursued in purposeful all along 

with evolutional perspectives. For example, the scale-free material goods seem to be 

interrelated to the network stability adjacent to haphazard errors a feature that is favored. 

Although different types of complex network share global property, they seem to be distinct 

when uncomplicated structural elements (network motif) are examined. 
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 Certainly, the trouble of network topology arises from complex pattern of connections 

(interactions) and not simply on or after the size of the network (considered by the digit of 

nodes). Connections are static in nature. Predicting network dynamics is far more difficult than 

simply predicting connection patterns, as has been accomplished in metabolic modernization. 

Here again, by designing high-through- put experiments that perturb dynamic situation and 

collecting a adequate quantity experimental data, network dynamics may develop into  

assessable,  at least  and informatics with the intention of focuses on practical applications of 

informatics technologies to genomics and other areas of high- throughput biology. As data-

driven biology is replace by principle-driven biology in the future, bioinformatics will be 

converted hooked on a more-fundamental high esteem encircling mathematics, physics and 

chemistry.  

 
From Data-Driven to Principle-Driven Biology 

 New databases of anticipated knowledge as a Large-scale analysis we think about that this 

is only the foundation of the path to our ultimate objective of understanding the basic 

philosophy essential the complexity of living cells and organisms. Enumeration in biology is no 

longer inadequate to the list of molecular parts such as genes, RNA, proteins and metabolic 

compound. More far-reaching register consist of the interactive, which incorporate sets of 

protein–protein communications, along by way of the localism, which describe the sub cellular 

localizations of proteins. The catalog of poles apart lists will go on surrounded by to breed as 

high-throughput tentative method are complementary elaborated and lengthened. Of course, 

on its own the bottom up come bordered by reach of from bulky- scale in sequence in 

genomics and  will not be practical for understanding the opportune impediment of biological 

systems. Efforts to computerize our acquaintance on cellular functions, at present   either by 

the controlled vocabulary of Gene Ontology or by graph representation in, will both facilitate 

the computational mapping of genomic data to complex cellular properties or detect any 

empirical relationships between genomic and higher properties. Although the field is already 

looking forward to a ‘systems biology’ approach and to simulations of whole cells, much of the 

effort must be devoted to capture even higher properties, such as ontology for human diseases 

and the  representation of cellular network. In addition, the dependence of functionality on the 

context (such as experimental conditions, cell status and environment) is currently mostly 

ignored; in other words, several other levels of complication courage have to be considered 

before we can come to a supplementary basic under- standing of life as a series of complex 

information systems. There are previously several molecular biology databases available on 

the Internet, and many more will evolve as genomic data and computational methods are 

introduced into individual research in biology. Although Internet-based linking among 

different data- basis is an opportune way to use this huge resource, more effort is required for 

the true integration of biological acquaintance and data.  Respect does not simply involve 

methodology; such at the same time as links and common interfaces, but rather it involves 

biology. The decisive incorporation of natural databases will survive a workstation 
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demonstration of living cells and organisms, whereby any characteristic of biology can be 

examine computationally. Until now, bioinformatics have been a practical discipline all the way 

through which to meet the needs for informatics technology in large-scale data structure for 

the period of genomics and other high-throughput areas of biology. But as data are converted 

to acquaintance furthermore empirical rules lead to principles, bioinformatics is bounce to 

become a more original obedience. As bio informatics in the future will include not only 

biology and straightforward aspects of informatics (computer science), but also arithmetic and 

theoretical foundations to detect the basic architectures of composite biological information 

systems, and physics and chemistry to join in concert physical and chemical deliberation with 

biological principles. When we have a complete computer description of living cell and 

organisms and know the principles of how they compute, followed by, in the expressions of 

Sydney Brenner, “computational biology will become biological computation”. for dynamic 

changes in response to small environ- mental perturbations. 

 
Conclusion  

 In this paper, detailed reviews of bio informatics research issues were addressed. 

Bioinformatics has played vital role both of decipher data generation by high throughput 

untried technology and observed importance of traditional environmental sciences issues. We 

recommended the sequence based method of analyzing personality genes or proteins 

elaborated and expanded. The proposed method have implemented for analyzing large 

number of genes or proteins all mutually. It is shown that the classification of clusters of 

interrelated genes and networks of work in performance proteins.         
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Abstract 

 This paper examines the integration of a non-invasive vital sign monitoring feature into the workers‟ hearing 
protection devices (HPDs) by using a microphone positioned within the earcanal under the HPD. test- subjects were asked 
to breathe at various rhythms and intensities and these realistic sound events were recorded in the earcanal. Digital signal 
processing algorithms were then developed to assess heart and breathing rates. Finally, to test the robustness of theses 
algorithms in noisy work environments, industrial noise was added to the in-ear recorded signals and an adaptive 
denoising filter was used. Results: The developed algorithms showanabsolutemeanerrorof4.3BeatsPerMinute(BPM)and2.7 
Cycles Per Minute (CPM). The mean difference estimate are -PM  with a Limit  of  Agreement  (LoA)  interval  of  -14.3 toBPM 
and 2.40 CPM with a LoA interval of -2.62 to 7.48 CPM. Excellent denoising is achieved with the adaptive filter, able to cope 
with ambient sound pressure levels of up to 110 dB SPL, resulting in a small error for heart rate detection, but a much 
larger error for breathing rate detection. Extraction of the heart and breathing rates from an acoustical measurement in 
the occluded earcanal under an HPD is possible and can even be conducted in the presence of a high level of ambient 
noise.This proof of concept enables the development of a wide range of non-invasive health and safety monitoring audio 
wearables for industrial workplaces and life- critical applications where HPDs areused. 

Keywords: Acoustic signal processing, biosignals, in-ear wearables, health and safety monitoring, heart and breathing 

rates 

 
Introduction 

 Heavy industries and confined spaces such as mines are hazardous and extremely noisy 

work environments in which work accidents and sudden ailments are more likely to occur. 

Improvements in occupational health and safety policies over the last decades and the number 

of mining fatalities has decreased significantly, from an average of 141 deaths in the 70’s to an 

average of 35 deaths per year in the USA from 2006 to 2010. The remote monitoring of 

workers’ vital signs could enable efficient paramedic interventions and further reduce fatalities 

for these industrial workers terminaison also for otherworkers, including armed forces, first 

responders, firefighters and the like.Non-invasive health monitoring methods already exist and 

are widely used in clinical concentrations to monitor physiological parameters such as heart 

rate or breathing rate. Systems such as electrocardiography, stethoscopy, plethysmography, 

and spirography are extremely accurate but often cumbersome and only used in controlled 

environments. More recently, several connected wearable devices have been developed to 

monitor heart rate or breathing rate: watches, shirts, wrist bands or belts. However, those 

wearables are not appropriate for monitoring the vital signs of workers in the industries 

mentioned. Most wearables are not designed for the rough environments these workers are 

exposed to and are not designed to be acceptable with the Personal Protection Equipment 
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(PPE) that these workers are likely to already wear. Interestingly, one of the most used PPE is 

the Hearing Protection Device (HPD), which is used to protect workers from toxic noise and 

also sometimes, in its electronic version, to communicate over personal radio in very noisy 

environments.Therefore, a promising solution to monitor the vital signs of the workers 

mentioned would be to directly integrate such biosignal monitoring system within an electronic 

HPD, by taking advantage that these HPDs are often already equipped with external and 

internal microphones . Using such hardware and some Digital Signal Processing (DSP) the 

envisioned in-ear audio wearable device could capture the physiological noise resulting from 

cardiovascular activity (and highly correlated with heartbeats) as well as from respiration 

using a small microphone positioned inside the occluded earcanal. This approach simplifies 

matériel design and reduces related costs compared to the use of another type of sensor used in 

the past, such as piezoelectric film , accelerometers or electrodes , IR emitter and receiver  or a 

microphone worn on a different part of the body.Past research on acoustical measurements of 

heartbeats and respiration has been comprehensively covered by. The developed algorithms 

seem to perform very well to detect heartbeats and respiration. However, the existing literature 

shows limitations: either the validation has been conducted on very limited data, or the 

experimental protocol is not explicit, or the recorded signals are not representative of real-

world conditions. Furthermore, the microphones used in these studies are located on the 

trachea or on the chest. Consequently, the measurements are exposed to ambient noise, which 

may alter the signal being measured. Toaddress this problem, the microphone can be located 

behind an earplug to take advantage of its passive acoustic attenuation. 

 Only two studies have been conducted with acoustic measurements in the earcanal. First, 

created an experimental prototype consisting of a sound pressure sensor (microphone) located 

outside the ear with a tube passing through an earplug with a microphone. An algorithm was 

developed to detect heartbeats to calculate the transient time of the wave between the heart 

and the ear. Unfortunately, this was validated using a very small data set and the protocol was 

not explicit. It is possible that the subject breathed very lightly to make heartbeat detection 

easier given that breathing generates low frequency artefacts. Second, Pressler et al. 

measuredexpiration sounds on 20 subjects with a microphone located inside an earplug and 

showed that the ear is a promising location to detect respiration.However, no specific 

algorithms were developed to extract the breathing rate. Moreover, the total duration of the 

recorded signals is short and the hardware used for acquisition is now obsolete. To the authors’ 

knowledge, no other research has been conducted to extract heart and breathing rates from an 

in-ear acoustic measurement. Therefore, no database currently exists of sounds measured in 

the earcanal with signals sufficiently long in duration and representative of real-

worldconditions. 

 In this paper, sounds in the occluded earcanal are measured by an In-Ear Microphone (IEM) 

located in an instrumented earpiece. A database of in-ear audio recordings was created using a 

sample of 25 individuals. During the experiment, subjects were asked to breathe at various 

rhythms and intensities through the mouth or nose to achieve realistic recordings. A total of 16 
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hours and 40 minutes of sounds in the earcanal were recorded. The features of sounds 

correlated with heartbeats and respiration are investigated as recorded at this specific location 

to develop signal processing algorithms to assess the user’s heart and breathing rates. Results 

from the algorithms are then compared to the numerical values obtained by a commercial 

reference device used during the measurement. Finally, noise is added numerically to the IEM 

signal to assess the robustness of the algorithms against ambient noise for further applications, 

such as monitoring workers'health. 

 This paper is organized as follows: section 2, on materials, describes the database that was 

created. Section 3 presents the proposed methods used to develop algorithms and for 

denoising. The results are presented in section 4 and are followed by the discussion and 

conclusion in sections 5 and 6, respectively. 

 

Materials 

 This section presents the hardware used for data acquisition, the experimental protocol and 

the characteristics of the database. Sounds in the left and right ear were recorded 

simultaneously on 25 subjects (19 males and 6 females, aged between 21 and 53, with an 

average of 28). This study was approved by the Comité d’éthique pour la recherche, the internal 

review board of École de technologie supérieure. 

Data Acquisition 

 Each participant was equipped with two instrumented earpieces developed by EERS 

Technologies Inc. (Montreal, Canada) with disposable foam tips (Tx200, Comply, Oakdale, USA). 

Each earpiece has two microphones and one loudspeaker as illustrated in Figure 1. An in-ear 

microphone (IEM) (GA-38, Knowles, Itasca, USA) was used to record sounds in the earcanal, 

with a usable frequency response ranging from approximately 5 Hz to 20 kHz (slope of -6 dB 

per octave from 20 to 50 Hz) . No analog filters were used for the signal conditioning. Audio 

data was recorded with a multichannel digital audio recorder (H4n, Zoom Corporation, Tokyo, 

Japan), that shows a usable frequency response between 5 Hz and 24 kHz, at a sample rate of 

48 kHz and a resolution of 24bits. 

Fig.1. Instrumented earpiece worn by each subject in each ear:  

(a) Intra-aural earpiece, (b) electroacoustic components 

 
A wearable chest belt (Bioharness 3, Zephyr, 

Annapolis, USA) was used as a reference system. It 

was shown that the Bioharness gives very accurate 

measurements of heartbeats acquired by ECG and 

respiration when used on a test-subject at rest. The 

data acquisition framework developed by MuSAE 

Lab was used to record and display raw data from 

the Bioharness.A Python routine was developed to synchronize audio data and Bioharness data. 

A small synchronisation error between audio data and Bioharness data might exist, but it 
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results in a delay of less than 125 ms and thus does not affect the process of extraction of the 

heart and breathingrates. 

ExperimentalProtocol 

To ensure that the recordings are as realistic as possible, the test-subjects were asked to 

breathe at various rhythms and intensities. The test-subjects were seated in an audiometric 

double-wall sound booth during the recordings. Table 1 presents the experimental protocol, 

which was conducted once with nasal breathing and once with mouth breathing, resulting in 

ten different respiration types. To assess whether the subject’s earpieces were well positioned 

within the earcanal and provided a good attenuation of the ambient noises, the transfer 

functions between the outer-ear microphone (OEM) and the IEM were assessed for each 

subject’s ear by playing white noise in the sound booth at 85 dB SPL: 30 seconds at the 

beginning and 30 seconds at the end of the recording session. 

No target rhythms or expiration volumes were imposed. The subjects were free to interpret 

how to breathe according to the type of respiration and therefore, the obtained database 

   Table 1  

 Experimental protocol showing 

real-life recordings, done once with 

nasal breathing and once with mouth 

breathing. 

 
Database Analysis 

 Five subjects were removed from 

the analysis, because of a 

synchronization issue between the 

audio and Bioharness signals. Table 2 

shows information about the values of 

heart and breathing rates recorded for the 20 subjects. 

    Table 2  

 Average STD Min Max 

Heart Rate 

(Beats Per Minute,BPM)  
78.6 12.6 50.7 120.7 

Breathing Rate 

(Cycles Per Minute, CPM) 
22.8 10.7 3.3 138.0 

 Heart and breathing rate values recorded with Bioharness with average, standard 

deviation, minimum and maximum values across all conditions for 20 subjects. A wide range 

of heart and breathing rate values were recorded. 

An illustrative recording of sound with normal breathing in the occluded earcanal is shown 

in Figure 2.a with the Bioharness reference signals in Figure 2.b and 2.c. The pressure variation 

measured in the earcanal due to heartbeats can be caused by the combination of several effects: 

1) the blood vessels around the earcanal expand due to the pulse wave 2) the indirect bone and 

Action Acronym 
Duration 
(seconds) 

Deep slow Breathing DB 90 
Apnea A1 20 
Normal Breathing NB 240 
Apnea A2 20 
Fast Breathing FB 30 
Apnea A3 20 
+Exercise on abike - 90 
Apnea afterexercise AE 10 
Normal Breathing after Exercise NBE 180 
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tissue conduction of the heartbeat sound from the heart to the occluded earcanal (occlusion 

effect), 3) movements of the body in response to the heartbeat . The exact origin of the 

measured sounds is not known yet but appears to be highly correlated with heartbeats and 

therefore seems to be caused by cardiovascular activity: the measured audio signal is perfectly 

correlated to an ECG signal. Two events correlated with heartbeat sounds (S1 and S2) are 

clearly discernible. S1 corresponds to the closure of the tricuspid and mitral valves and occurs 

after the RS segment of an ECG signal. S2 corresponds to the closure of the aortic and 

pulmonary valves and occurs during the T wave of an ECG signal . The respiration sounds result 

from confusion in the nasal and oral cavities and respiratory conduits [20]. In the case of 

normal breathing, as shown in Figure 2, the amplitude of respiration sounds is very small and 

almost non-measurable by the IEM. Moreover, it was observed that in the case of fast breathing, 

the respiration’s sound conséquence generally exceeds the measured sound amplitude 

correlated with heart activity (S1, S2 orboth). 

 
Discussion 

Heart Rate Extraction Algorithm 

Experimental results showed an accurate extraction of the heart rate for 20 subjects.  

The mean absolute error is 4.3 BPM (5.6% relative error), as observed in Figure 9. Failure to 

detect the heart rate is mostly due to four factors: short duration noise artefacts, respiration 

type, earplug fit quality, and weak sound amplitudes. Short duration noise artefacts include 

body movements and any type of noise generated by the person (swallowing, coughing, etc.). 

They alter the recorded signal and make heartbeat and breathing cycle detection harder by 

adding low frequency artefacts. This would explain the larger absolute  errors  observed  in  

Figure 8  at  180,   480   and  820 seconds. Also, strong breathing might generate low frequency 

artefacts that mask the sound correlated with heartbeats. The envelope of a fast breathing 

signal might have a similar basic frequency as that of the heartbeat, causing the algorithm to 

misinterpret one for the other. The measured signals are greatly affected by the quality of the fit 

of the earplug. Indeed, a small acoustic leak during a  recording can result in energy drops in 

the lower frequencies. Even if transfer functions were checked before and after the 

measurement to detect a bad fit, it is possible that the recorded signals were corrupted by 

acoustic leaks. Finally, the measured physiological sounds were, for some specific subjects and 

specific respiration types, almost non-measurable by the IEM. Algorithm could output 

erroneous values for these specificrecordings. 

Breathing Rate ExtractionAlgorithm 

 Extraction of the breathing rate is less accurate than heart rate extraction, with an absolute 

error of 2.7 CPM (30.9% relative error). For some subjects, the extraction works very well but 

for others, there is a much larger error, which increases the group mean error, as observed in 

Figure 10. Failure to accurately detect breathing signal is mostly due to five factors: the 

presence short-duration noise artefacts, the poor fit of the earpiece inside the earcanal, the 

weak breathing sound amplitudes, the lack of instructions to the test-subjects for the type of 
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respiration, and the use of a default sub-optimal algorithm. Three of these limitations have 

already been discussed above, in section A. To produce the widest range of real-life respiration 

intensities, no indication was given to the subjects. Consequently, subjects breathed very 

differently, with their own interpretation of rhythms and intensities. This variety of conditions 

made the development of the algorithm more challenging. The “fast” breathing rates were 

removed from the results, as they ranged from values as low as 30 CPM to values reaching 

extremes as high as 138 CPM, making them too widely spread. Besides, the proposed algorithm 

was initially developed for heart rate extraction and then was adapted for breathing rate 

extraction. Promising results were achieved for some subjects, but the method show limitations 

for high breathing rate extraction and should be further optimized with a larger and more 

controlleddataset. 

Originality and OverallPerformance 

The commercial reference device (Bioharness) used as   reference also introduced a small 

bias compared to a gold. The bias was computed with over 50 minutes of data from 10 subjects 

for static activity. For heart rate, the mean error was 0.78 BPM with a standard deviation of 

2.21 BPM. For breathing rate, the mean error was 0.19 CPM with a standard deviation of 1.22 

Furthermore, in their study , the heart rate ranges between 65.0 and 165.0 BPM and the 

breathing rate ranges between 6.0 and 65.0 CPM. In this study, the heart rate ranged. 50.7 and 

120.7 BPM and the breathing rate ranged between 3.3 and 130.8 CPM. It is therefore possible. 

The current study is the first to extract heart and breathing rates from acoustical 

measurements in the occluded earcanal. Comparing these results to those obtained in the 

literature is challenging. Indeed, studies conducted by Kaufmann et al. Pressler et al. did not 

have the same research problem as that of this study. Also, signals measured at other locations 

such as phonocardiogram signals are less noisy than earcanal signals. Besides, the database 

created in this paper has unique characteristics. First, its duration is consequential, with 12 

hours analyzed. Second, the experimental protocol is explicitly stated: there are several 

conditions of respiration with the mouth and the nose, such wide range of conditions also tends 

to increase the number of artefacts. Third, subjects breathed very differently, with their own 

interpretation of “fast” and “deep” breathing with various rhythms and intensities. The 

resulting range of heart and breathing rates covers a wide range, making these signals 

representative of real-life conditions. In contrast, all these conditions are not seen in the 

existing literature covered by Nevertheless, the present study does comprise certain inherent 

limitations. First, it was conducted on steady subjects, while it is clear that motion artifacts 

could corrupt the recorded signal: low frequency noise induced by the worker’s footsteps can 

be captured by the microphone, and would probably affect heart rate extraction. However, such 

motion can easily be detected by the inertial measurement unit (IMU) and associated 

accelerometers that will be present in the envisioned version of the in-ear wearable device. 

Besides, the monitoring of these biosignals in industrial workplaces becomes life-critical, 

precisely when the worker is no longer moving, such as for a “man down” situation, where the 

vital signs need to be quickly assessed to possibly send immediateassistance. 
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Denoising of Biosignals from Ambient Noise 

Denoising of the biosignals was conducted offline, in a MatlabTM simulation, without 

actually running the algorithms while the subject was exposed to the ambient noise source. 

While the results obtained are promising, they should also be field-validated in real-life 

environments. This study proposes an original approach that uses adaptive filtering to denoise 

acoustic biosignals measured inside the earcanal and a similar approach has never before been 

proposed in the literature. 

For heart rate extraction, simulation results showed only a very small increase in the 

absolute error, as the adaptive denoising filter performed well in low frequencies. The absolute 

error does not exceed 4.7 BPM for white noise and 7.6 BPM for industrial noise, which still 

represent low relative errors (respectively 6.1% and 9.1%). Compared to the whitethe 

industrial noise had a higher energy levels in the 20- 120 Hz frequency range and consequently 

affected more significantly the detection in low frequency for heartbeats. For the breathing rate 

extraction, simulation results showed a significant increase in the absolute error. The adaptive 

filter does not perform well above 65 dB SPL. The absolute error increases until 7.1 CPM for 

white noise and5.9 CPM for industrial noise, which represents a significantly high relative 

errors (68% and 60.6% respectively). But again, this group error comes from an average over 

20 subjects, among which eight have a very high relative error (between 70% and 280%) which 

dramatically affect the group mean performance. Industrial noise has a spectrum with tonal 

components which clearly distinguishes it from the breathing spectrum in the band of interest, 

namely from 150 to 400 Hz. On the contrary, white noise, with its equi-level of energy at all 

frequencies, shows a spectrum somehow similar to a breathing spectrum for several subjects, 

in the frequency range of interest, making it harder to distinguish from a breathing spectrum. 

I.  
II. Conclusion 

To continuously monitor the vital signs of industrial workers, this paper proposed to 

measure physiological sounds in the occluded earcanal with a wearable audio device equipped 

with an in-ear microphone. A unique database of close to 17 hours of sounds measured in the 

occluded earcanal was created, and included a broad range of real-life types of respiration. A 

commercial device was used as a reference to simultaneously record heartbeats and 

respiration. The database is available from for reference and further work. The developed 

algorithms show an absolute mean error of 4.3 BPM and 2.7 CPM for heart and breathing rates 

extractions respectively. To assess the robustness of the algorithms against ambient noise, 

broad band white noise and industrial noise were added numerically to the in-ear signal. An 

nLMS adaptive filter was used to remove the unwanted noise disturbance. Excellent 

performance is achieved with noise levels up to 110 dB SPL with absolute errors  below  7.6  

BPM for heart rate detection. For breathing rate detection, the performance are definitely 

affected by the noise disturbance and result in absolute errors lower than 7.4 CPM. 

Nevertheless, this proof of concept now enables the development of in-ear technologies for a 

wide range of non- invasive vital signs monitoring applications, such as monitoring workers in 
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hazardous and noisy environments through their HPDs and could be applicable to many fields 

from heavy industry and construction workers, to mining or firefighters . Future work should 

focus on improving the performance of the algorithms, especially for high breathing rate 

detection, and optimizing the adaptive filtering. This could potentially be tackled by taking into 

account the unique characteristics of both the earplug attenuation and the spectrum of 

biosignals for each individual using this type of wearable device and individually tuning the 

proposed algorithm through a training or initializationphase. 
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Abstract 

 Diabetes is an endrocinological condition that affects millions of people and can cause myriad health complications. 
Numerous bioin- formatics tools are being used in diabetes research. Here we look at the types of tools commonly used by 
researchers both by category of tool e.g. series alignment, microarray analysis and specific tools mentioned e.g. GCG 
Pileup, ClustalW, etc. to get an overall picture bioinformatics and diabetes as well as the environment in which such tools 
are employed. 

Keywords: Bioinformatics-diabetics-research-techniquices-sequence-DNA-GLUTX-GLU-proteins-sugar. 

 
Introduction 

 Diabetes is shocking disease that is characterized by high glucose levels in the blood and 

has been recorded in the medical literature since as early as 1500 BC [1]. The causes were not 

well understood until the 19th century when Paul Langerhans, a German medical student 

discovered what have become well-known as the islets of Langerhans which create insulin. 

Insulin is a protein hormone that promote the uptake of glucose by the body’s cells [2]. 

Diabetics either do not produce enough insulin to method their intake of glucose or the body 

does not use the insulin efficiently enough to control glucose levels. Treating diabetes has 

always been difficult and prior to the 1920’s, the primary action plan was controlling diet. In 

1921, Dr. Frederick Banting discovered how to extract insulin from cattle that could be used as 

an inject able form for human diabetics which change the treatment of the disease and made it 

more controllable. 

 Crude, diabetes can cause a number of health problems including, blindness, loss of group 

resulting in limb deduction, high blood pressure, heart disease, and kidney failure. Ac- cording 

to statistics open by the state introduce of Diabetes and Digestive and Kidney Diseases 

(NIDDKD), over 20 million people in the United States had diabetes as of 2005 [3]. That 

represents about 7 percent of the whole population! The NIDDKD extra reports that 132 billion 

dollars were spent in 2002 on medi- cal treatments, disability payments, work loss, and 

premature mor- tality resulting from diabetes. These figures make clear the fact that research 

into diabetes and cure to prevent or treat it are of chief meaning to the health and well being of 

society in general as diabetes becomes a worldwide wave. 

 Like so many other areas of medicine, computer technology has had a deep impact on 

diabetes research. Our goal in this paper is to look at how bioinformatics techniques have been 

applied specifically to diabetes research and make comparison survive between them to 

establish a solid patient of how bioinformatics has impacted this important field of study. 
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A. Methods 

 In order to investigate the bioinformatics tools and methodolo- gies used to in diabetes 

research, we single-minded it was first necessary to develop categories of tools/techniques on 

which we would focus. At first, this was tricky to do because we did not have a fixed idea about 

how the research would be organized and how bioinformatics tools would be described or 

identified in the research. To get started, we ran some brief searches using basic seek terms 

such as bioinformatics and diabetes(research) through several databases to see what types of 

article were re- turned. Since we wanted to see current practice for using bioinformatics 

techniques in diabetes study, we limited our searches where likely to articles that had been 

available in the last five years. We then reviewed the abstracts of the results and skimmed the 

bodies of confident papers, and sketched some cate- gories based on the methods sections of 

the reviewed papers. While there are many probable approaches to classification in this area, 

we were interest in straightforwardness and custody the research manageable. To that end we 

traditional the following three bioinformatics tool categories in which articles could be placed. 

1. Sequence arrangement projects/techniques – articles in this area cite sequence position as 

a major tool for the re- search. This might take in pair wise and numerous run alignments 

as well as EXPLODE searches. 

2. Gene air projects/technique – articles in this area cite various methods to measure the 

vocabulary of genes in special organisms and environment. Microarray analysis is also 

commonly mentioned in these papers. 

3. Databases and file system – articles in this part cite different databases that were either 

used to assist with re- search or compiled to help other researchers with their re- search. 

We used a diversity of tools for our search process with the record search capability located at: 

 http://library.louisville.edu 

 http://www.google.com 

 http://scholar.google.com 

 http://www.sciencedirect.com 

 http://www.ncbi.nlm.nih.gov/. 

In addition to categorizing the different types of tools and technique used by researchers, we 

also considered the authentic tools that were expressly mention in the article. We did this to see 

if we could get determine if there were any course/tools that were used more than others and 

how different tools were used in understanding with one a different. 

B. Results 

 As we indicated in the earlier section, the three main categories in which we placed articles 

included chain alignment techniques, gene phrase techniques, and database techniques. We will 

discuss each section one by one in the following sections, but before doing so we want to 

caution the person who reads that developing classifications of this nature are rarely simple. 

We under- stand that a different group of researchers might determine differ- ent categories. in 

addition, with the categories we consequent, we are quite aware that articles may fall into two 

http://library.louisville.edu/
http://www.google.com/
http://scholar.google.com/
http://www.sciencedirect.com/
http://www.ncbi.nlm.nih.gov/
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or more category. To keep the pact of the article simple, we careful the bioinformatics tool that 

was discussed the most (as a profit of the paper) as the tool by which we secret the paper. Our 

results generally discuss the major category, while now and again we will mention other tools if 

they are chief or show a collective research methodology. 

C. Sequence Alignment 

 Sequence position is often used by researchers to compare each the DNA or amino acid 

series of organisms to conclude homology and produce phylogenetic relations between them. 

There are actually two main types of sequence location, pairwise and multiple. Pair wise 

involves price two sequences to each other, while multiple sequence location involves align 

several sequences to each other or to a solo series. Without the ability to series DNA and 

proteins, much of the research generated in the last 50 years would not have been possible. 

Diabetes research is no immunity. Until the 1950s the only way to tell if a form of insulin was 

usable by humans was experimentation. The sequence of the protein itself was not known and 

possibly will not be compared to the sequences from special organ- isms. In 1953, Fred Sanger 

and O.E.P Thompson offered their landmark paper in which they presented the entire sequence 

of the insulin protein, which was the first protein to be totally sequenced [4]. In their paper they 

express 20 amino acids that are chained together in two chains well-known as peptides. They 

discovered that human insulin has two chains, the A chain of 21 amino acids and the B chain, 

which has 30 amino acids and they are connected by disulfide bridges. The force of this 

research was far-reaching not just for diabetes research, but also for genetics and sequencing 

research. Sanger and Thompson basically verified that sequencing could be done in a practical 

amount of time for some proteins. Moreover, once sequencing was done, a copied could be 

theoretically produced, although in reality this actually took several years for insulin. Even with 

the fact synthesis was difficult, by analyze the sequence of several special organisms’ insulin, it 

was gritty insulin was well conserved across organisms and any number of animals could be 

used to extract insulin for human subjects. 

 
Traditional Sequence placement 

 Pairwise sequence alignment and multiple series alignment techniques are often used by 

researchers in biology as demon- strated by the Rao et. al in [5]. Rao’s research was based on 

the premise that brain-derived neurotrophic factor (BDNF)  controls the actions of numerous 

proteins including insulin, leptin, and gherlin and is considerable to the pathobiology of type2 

diabetes and obe- sity. To test their hypothesis, Rao et al. located genes and proteins that are 

commonly present in diabetics for both homo sapiens and muscles (house mouse). Using 

various sequence alignment, they aligned the sequences representing BDNF, MET66, CRP, 

Insulin, Leptin, and Ghrelin from each organism. Using those alignment scores, they generated a 

phylogenetic tree using the ClustalW ver 1.83 program. After effective with this smaller data- 

set, they then aligned additional sequences of other proteins in- volved in diabetes and obesity 

which numbered around 70 for the homo sapiens family and 59 for the mus musculus family. 

Results from both set of arrangement indicate there is a strong connection between the two 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 374     K.S.R. College of Arts and Science for Women 

organisms and the related proteins that suggest BDNF could be used as a biomarker for 

diabetes and obesity in future studies or could be exploited as a object for drug develop- ment. 

 Rao et al., was a simple use of sequence alignment and provided some impending on how 

this could be used for diabetes research. However, the article was not in depth in its description 

of its techniques and motivations. For that reason we looked for other arti- cles that discussed 

sequence alignment and diabetes. We found Dawson et al. [6], which provided us a well 

describe study that used sequence alignment and other bioinformatics tools to analyze the 

function of newly open gene GLUT10, which they believe has a role in Type 2 diabetes. 

 The Dawson article is extremely detailed the methodology used to isolate the human being 

and mouse genes used in the study. Since the process of isolating genes is not the focus here, we 

will only briefly describe it. Using a incompletely well-known transcription from the Sanger 

Center, the researchers search NCBI for alike matches in. The in a row gather from these 

searches were used to develop primer which were then used to increase the GLUT10 transcript 

from the cDNA for both human and mouse. Here we see the importance of the NCBI databases 

in this type of research. Without a central store for sequence information, many experiments 

would be not viable in the short term and not easy in the long run. In count to dividing the 

sequences, the functional analysis of the gene was tested in Xenopus laevis subjects by re- 

moving the healthy oocytes and adding insulin to them to observe their reactions. 

 After the data was cool the study was performed. Sev- eral bioinformatics tools were 

engaged at this stage. First, the DNA sequences were translate to amino acid sequence and the 

resultant sequences of residues were aligned with the program align and BOXSHADE. Their 

ending discovered there is a 77.4% identity between human and mouse GLUT10. In addition, it 

was discovered that GLUT10 was not quite the same length as GLUT9, another escape service 

gene in the family. Using pairwise coalition (with GCG bestfit), they determined that GLUT10 

shares among 31% and 35% self with other GLUTX genes. Further, they used cluster analysis to 

graphically view the relationship connecting GLUT10 and other part of the GLUTX family. The 

rest of the paper discusses cursory gene analysis perform on the cDNA sequences. 

 From this paper in particular, we see firsthand some of the commonly used bioinformatics 

tools that are engaged in diabetes research and more intensely, how they are used in recital to 

develop the big picture of a gene or creature. Another case of sequence alignment is provided 

by [7]. In this study, Hornum et al. performed microarray analysis (which we will discuss in 

more detail in the next section) to determine gene expression. Using the sequence obtained 

from the microar- ray experiment, they allied their chain using BLAST to de- termine what 

other biomarkers might exist in the genome that might indicate openness to diabetes. They 

found at least 10 candidate genes using their biomarkers in this trial. 

D. Gene Expression 

 Most cells in the body contain a full set of chromosome and identical genes. However, only 

certain genes are actually “turned on” for different cells that give the cell category particular 

abilities.  The genes that are “twisted on” are distinct as spoken genes. For many studies 

investigating which genes are turned on is the focus of the research. In fact, gene expression 
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technique were the focus of almost half the recent articles we reviewed. Techniques varied 

from generating genetic link maps to microarray analysis. In this section we will present 

several discovery that outline the use of different gene analysis tools. 

 Elbers et. al describe their scrutiny of hereditary linkage maps to compare overlap regions 

of genes that affect obesity and Type 2 diabetes. A genetic relation map is a linear map of the 

positions of genes along a chromosome (see Fig 1). 

 
          

Fig.1 Example of genetic linkage map (blue areas indicate gene loca- tions) 

 Not convinced that the genetic linkage maps were that useful for their purposes however, 

Elbers et al. used disease gene identifi- cation tools that are designed to search chromosome for 

candidate disease genes. The tools they used in their study included: 

1. Prioritizer 

2. Endeavour 

3. DGP 

4. Geneseeker 

5. G2D 

6. PandS 

 These tools work in different ways, typically using statistical methods to compare the 

relations between genes, but the general goal of all of them is to determine which genes affect 

or con- trol different diseases. In this case, the researchers were involved in the genes that were 

involved in both fatness and diabetes. By using all of these tools, they were able to validate the 

results by comparing how similar they were across tools. In total, they identi- fied 27 candidate 

genes that could be further willful to decide their role in obesity and diabetes. 

 Another popular tool for investigating gene expression is mi- croarray psychiatry In general 

microarray analysis involves hybridiz- ing mRNA molecules to the DNA template from which 

they ori- ginated. By measuring the amount of mRNA bound to each site of the array, they can 

ascertain how genes are speak under differ- ent setting, in different tissues, and in unlike 

organisms. These have turn into important tools because quite a few thousand genes can be 

expressed at one time in one experiment. This facili- tates the process of gene study 

considerably. To analyze microar- rays, several statistical techniques are used in concert 

including sample t tests, log2 ratios, normalization, and ANOVA tests. Reece et al. describe their 

use of microarray analysis investi- gate how motherly diabetes can affect the developing 

embryo [8]. Since the physical process of increasing a microarray is not the focus here, we will 

concern ourselves with statistical tools used for the search. The article specially states the 

researchers used the 1-sample t test on log2 ratios to determine significant differences between 

expression levels. In addition to fixed statistical methods, Reece also used tube Assist 

(http://www.ariadnegenomics.com/products/pathway-studio/), a program designed to 

visually present the pathways between cell birth and death. 

http://www.ariadnegenomics.com/products/pathway-studio/)
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 Mazzarelli et al. explain their use of Loess normalization to analyze pancreatic tissue clones 

[9]. In addition, they used the student t test to compare the microarray data to qRT-PCR data. 

While this article did not name diabetes specifically, the focus was on pancreatic tissue and 

islets, which are responsible for insulin production. 

 It is interesting to mention, that diabetes seems to be used of- ten as prototype disease for 

developing and validate bioinformat- ics approaches. This is certainly the case with Collins et 

al., who write about high throughput biomarker discovery [10]. The goal for their study was to 

search for biomarkers that might indicate a disease. For their test case, they searched for genes 

that are famous to make organisms susceptible to Type 1 diabetes . By locating these markers, 

they hope to determine what other factors might be responsible for a person budding diabetes 

who possesses the susceptibility genes as having the gene alone does not indicate a person will 

develop the disease. Using traditional microarray ex- periments to generate data, they used t-

tests to compare the data from T1D patients with those who were autoantibody positive 

(susceptible to develop diabetes, but do not currently have diabe- tes). The first part of their 

research involved comparing single markers in the special populations, which led to univariate 

statis- tical analysis. They rational however that using many markers would yield more sure 

results, so they employed several additional statistical tools in the discriminant study area 

includ- ing, parametric and nonparametric tests (kernel based and K nearest neighbor). 

 Another tool used for involving proteins to the genes that en- code them is transcript 

mapping which was a procedure used by Fossey et al. [11]. In this technique, the researchers 

used the greedy search algorithm to determine the best Hamiltonian path through the gene 

markers which helped them connect genes with proteins they encode. The result was a 6-Mb 

map of the diabetes linked areas on DNA 20. 

E. Data Mining/Databases 

While sequence alignment and microarray analysis tech- niques are important in diabetes 

and other medical research, the storage and retrieval of biology related data is key to the 

exploita- tion of the data acquired during that research. Supporting that ar- gument, several of 

the papers we reviewed dealt specifically with the topic of database that were used or 

developed for research. In this section we will look at those articles to see how diabetes re- 

search is impacted by existence and development of databases. 

Perhaps the most common contact with databases that re- searchers have is using them. We 

have already seen more than a few exam- ples of databases (BLAST, genome database, NCBI 

resources) that have been used during the normal course of research. They are often used to 

extra data that cannot be reasonably collected directly by the researchers as was the case for 

Craig et al. in [12]. In their study, they screened several exon regions from the DNA of 48 

African Americans and 48 Caucasians from which they identi- fied 21 single nucleotide 

polymorphisms. In totaling to the 21 SNPs they observed, they used public databases (NCBI) to 

located other SNPs on which they could perform their study. By drawing from other sources, 

they were able to merge their data with a wider resource to get a better photo of the binding 

protein in which they were interested. Without such resources, this type re- search can be 
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difficult and possibly less convincing because re- search completed with smaller datasets can be 

suspect depending on the context of the study. 

 Diabetes is a disease that have both heritable and environmental causes. While much of the 

research performed by biologists today focus on the genetics or biological environmental data, 

there is some argument for using historical data to establish patterns of disease pathobiology. 

Humphreys et al. did this in [13]. Data col- lected in written form by the Center for Population 

Economics at the University of Chicago regarding Civil War veterans, were digi- tized for 

convenient study. Prior to the digitization project, search- ing the data and deriving meaningful 

statistics was difficult to do, if not impossible for some research projects. The dataset contains 

over 35,000 records on white soldiers and 6000 records on black military culled from data that 

was originally housed at the National Archives in Washington D.C. The health check records 

consisted of applications for benefits on which the results of a physical exami- nation was 

recorded. To determine if the soldiers had diabetes, they searched the field that was specifically 

designed to code for endocrine diseases and searched the comment fields for the words 

diabetes, glucose, or sugar. 

 The methods used in this study demonstrate the importance of using every method 

available for researching diabetes. While the biology of the disease was not studied, patterns of 

diagnosis and treatments as well as lifespans and related problems could be es- tablished. For 

instance, they discovered that the incidence of diabe- tes was lower in blacks than whites, 

although not by much. How- ever, that situation has significantly changed today and now Afri- 

can-American men are much more likely to develop diabetes than caucasian men. This finding 

underscores the impact exercise has on diabetes because most of the black veterans had jobs 

that in- volved daily physical labor, and were therefore in better physical shape overall than 

their white counterparts. 

 The data gathered in the Humphreys study was based on his- torical data that was 

incomplete and not fully homogenous. There were after all, over 17,000 whites and only around 

1700 blacks reflected in the study, Moreover this was a homogenous population of only Army 

veterans, a group which might have par- ticular attributes not found in other populations thus 

leading to potential biased research results. Other modern database registries suffer from the 

same problem; the data contained therein is only from a specific population, which as mention 

before can lead to research results that may be biased towards that population. To tackle that 

problem, Zgibor et al. performed a study at the Univer- sity of Pittsburgh Medical Center that 

focused on validating het- erogeneous data on diabetics [14]. For this study an enormous 

amount of data was searched including 46,082,941 lab reports, 233,292,544 medical records, 

and 9,351,415 medical record ab- stracts which represented around 2 million patients. As with 

the Humphreys study, they searched for data indicative of diabetes, however, they were able to 

be more precise because they had better clinical data with which to work. For request, they 

were able to use actual ICD-9 codes, A1c results, and diabetes medication key- words to 

establish whether or not a patient was diabetic. 
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 The purpose of the study was to validate the data and ensure that they were able to draw a 

mixed dataset from which further diabetes studies could be done that would not be biased 

towards a single population. They validated their results by actu- ally pulling charts and 

comparing data from the charts versus data acquired from their database. Using the scholar t-

test and Pear- son’s Chi square test, they compared the two datasets to determine the level of 

difference between them. The results indicated the registry information they wanted to 

assemble was valid and can be used to derive datasets on the whole people or sub- populations 

with reasonable certainty that all relevant data would be extract with little irrelevant data built-

in. This registry is the first of its kind because it contains various data and could be much more 

useful for general studies on diabetes. 

1) Important Diabetes Information Sources 

 We have well-known in the prior section that diabetes da- tasets are essential to modern 

diabetes research. As a result, some databases that are available to researchers bear some 

conversation. While the list of databases here is not exhaustive, it represents several that are 

mentioned in the reporting or that contain unique information. 

a) Resource: National Diabetes Information Clearinghouse 

Address: http://diabetes.niddk.nih.gov/about/  

Scope: Online articles 

Audience: Patients 

 Health care professionals General public Description: The NIDDK provides this resource 

that is targeted more to the general population than diabe- tes researchers. However, the site 

does contain statistics on diabetes rate in the United States that was gathered by the National 

hub for Health information that could be useful for research. In addition, the site contains a 

section on Clinical Trials that are now in development at the NIDDK. 

Resource: American Diabetes Association 

 Address: http://www.diabetes.org Scope: Articles and research database 

Audience: General public 

Health care professionals and scientists Description: The American Diabetes Association’s 

website is probably the opening website for information about diabetes for the general public. 

It contain not only information about the disease, but also treatment options, recipes, and 

exercise routines. For diabetes researchers, the site contains a data- base of research supported 

by the ADA and other organization. While these are not the actual research results since the 

study are ongoing, they provide a good overview what is currently happening in study. The site 

also provides a list of research articles that have been recently published on diabetes. Though 

access from ADA is not possible, the site directs the re- searcher to publisher’s site so the article 

can be purchase or searched for in an college library’s resources. Like the NIDDK site, ADA 

provides information about medical trials and what is in- volved in joining a clinical trial. 

Resource: Juvenile Diabetes Research Foundation 

 Address: http://www.jdrf.org 

 Scope: Articles about life with diabetes Research opportunities for scientists 

http://diabetes.niddk.nih.gov/about/
http://www.diabetes.org/
http://www.jdrf.org/
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Publications for both the broad public and sci- entists offered for sale. 

Audience: General public 

Health care providers and scientists 

Des Cription: The Juvenile Diabetes Research groundwork is a non-profit research association 

devoted to finding a cure for diabetes. Much of the site is targeted to the general public as well 

as fund-raising since it is a non-profit. For the profes- sional researcher, the most useful 

information JDRF provides is about grant chance they provide. Researchers can apply for grants 

through the site as well as monitor grants they have been awarded. 

b) Resource: Jackson Laboratory Type 1 Diabetes Mouse Repository 

Address: http://www.jax.org/resources/index.html Scope: Mouse Strain Information 

Mouse Service Information Audience: Professional researchers/scientists 

Cription: The Jackson Laboratory is a non-profit organiza- tion dedicated to biomedical 

research. It provides access to myriad data on the genetics, genomics and biology of the 

laboratory mouse as well as performs research in several disease areas includ- ing diabetes. For 

the professional diabetes re- searcher this site provides one of the most com- prehensive 

datasets we have seen and it essential for those doing laboratory research with mice. 

Resource: EPConDB PancChip [15] 
Address: http://www.betacell.org/resources/data/epcondb/ Scope: Gene expression 

data for genes expressed in the pancreas. 

Audience: Professional researchers/scientists 
Cription: The Endocrine Pancreas Consortium Database is sponsored by the Beta Cell 

Biology Consortium originally established by the National Institute of Diabetes and Digestive 

and Kidney Diseases in 2001. It contains in order about genes that expressed in the cells of the 

pancreas and their transcriptional regulation. It uses the Database of Transcribe Sequences, 

which is a human and mouse record index for it transcript data- base. It can present results 

obtained from mi- croarray data. It can be used to find similar genes to a gene of interest and 

search results provide access to other databases and tools such as BLAT, Genecard, and Entrez 

for extra infor- mation. 

Resource: T1Dbase [16] 
Address: http://T1DBase.org  

Scope: 

Audience:  
Cription: The T1Dbase Database collects information from various sources including the 

Beta Cell Gene Bank, BLAT, and others. It also provides soft- ware tools for analyzing genome 

data. Unlike the EpconDB, this database aggregates information from more than just 

microarray experiment. Some of the definite tools it provides includes: 

1. Gbrowse – an open source genome browser 
2. Gene Dossier – a tool that provides a way to view data on genes from several datasets at 

once 
3. T1Dmart – a query tool for finding bio- marker and genotyping data 

4. The Microarray Viewer – provides gene expression data starting over twenty experi- 
ments 

http://www.jax.org/resources/index.html
http://www.betacell.org/resources/data/epcondb/
http://t1dbase.org/
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5. The Tissue Expression Viewer – shows gene expression across a range of tissues 

6. Cytoscape – dream tool for viewing and analyzing biological networks of all of the 

databases we reviewed, this data- base seems to be the mainly comprehensive and 

encompassing for diabetes research and seems similar in scope to NCBI’s tools in that it 

seeks to provide all in one interface. In fact, we spent more time on this site looking at its 

features than any other because there was so much to look at! 

F. Summary 

Tables 1 – 3 summarize the results of investigation of bioin- formatics tools used by various 

researchers. Not surprisingly many of the papers cited the use of some sort of database during 

some phase of their research. Except for the articles that were specifi- cally written about 

T1Dbase and EPConDB, none of the other mentioned using these tools. We were a little 

surprised by this at first because both have been roughly for at least a couple of years. We 

surmised since they were new and it takes time to collect sufficient data and interfaces to other 

data source to be useful this might account for that situation. We expect to see more references 

to both of those tools in future diabetes research papers because they offer convenient and 

direct access to only diabetes data which can help reduce the information surplus experienced 

by research- ers in this area. 

We also observed that much diabetes research focuses on the studying gene expression. 

From Table 1 we see five articles enu- merated microarray analysis as a primary tool for 

analysis. In addi- tion, a chief subject of the T1Dbase and EPConDB databases are gene 

expression tools. This is probably because now that much genome sequencing has been done, 

researchers are moving to the next phase which involves making sense of the genes that are lo- 

cated on the genome and how they are spoken under different conditions and across different 

organisms. 

Table 1 Bioinformatics techniques used in diabetes research 

Paper 
Sequence 
Alignment 

Cluster/Phylogenetic Tree 
structure 

Gene Expres- 
sion/Microarray Analy- sis 

Database Searches/ 
Da- tabase Assembly 

[5] X X   
[6] X X X X 
[7] X   X 
[8]   X  
[9]   X X 

[10]   X  
[11]   X  
[12]    X 
[13]    X 
[14]    X 
[15]    X 
[16]    X 

Totals 3 2 5 8 

 Table 2 shows the many different tools that were mentioned in the articles we reviewed 

(this does not include the databases we already discussed in Section 3.3.1. Again, we did not 

expect the results we received. Not a single tool was mentioned more than once across our 
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review of the literature except ClustalW/X which are related programs. Particularly in the area 

of gene expression and microarray analysis, we expected to see a recurrence of com- monly 

used tools, but we did not. In fact, in most cases, the re- searchers did not indicate the tools they 

used for microarray ex- pression analysis. It is assumed any number of tools like Excel, Stata, 

SPSS or other numerical packages could have been used and were therefore not considered 

admirable of mention in the analysis section. The tools that were mentioned included a variety 

of pack- ages including series position tools, disease gene identifica- tion tools, cluster analysis 

tools and graphical display tools. 

 Generally speaking, most researchers seemed to use several unrelated tools in their 

research. However, in one case, several bioinformatics and statistical tools that were worn by 

the research- ers appeared in one package. Cho et al. outline their use of code- genExprress 

which is one such tool [17]. CiphergenExpress in- cludes principle component analysis (PCA), 

heat maps, receiver- operator characteristics (ROC), scatter plots, and Box and Whisker plots. 

At first glance we were surprised at this finding. However, upon further consideration it 

occurred to us that unified commer- cial tools are probably outside of the economic reach of 

many labs. Most of the other tools mentioned are free tools that are sponsor by the lab that 

originally created them or that have been freely distributed for academic use. 

 
Table 2 Bioinformatics software used in diabetes research 

Not every article mentioned the statistical tools 

employed in the analysis of the data, although 

several did. For the most part, researchers used 

simple statistics tools for analysis. Table 3 sum- 

marizes the numerical tools that were expressly 

mentioned in the articles we reviewed. For 

occasion, the T-test was often mentioned as most 

analyses were performed against two different 

datasets. In at least one case however, the 

application of multivariate statistical techniques 

was necessary and a package that was able to do 

princi- ple component analysis (CipherGen 

Express) was used. Other basic techniques that 

were mentioned were flee plots and the Pearson 

Chi-square test. We were not amazed by these results because often the goal of math analysis is 

to determine the significant different between two populations which does not nec- essarily 

involve difficult tests. For large studies code com- ponent analysis might be necessary if the 

researchers need to look at many dimensions of the data at one time. But in the case of mi- 

croarray analysis, researchers are generally comparing gene ex- pression under two different 

situation which vitiates the need for complicated statistics and tools. 

 

Program Name 
Number of Times 

Mentioned 
Align 1 
Boxshade 1 
CGC Pileup 1 
ClustalW 1 
ClustalX 1 
Prioritizer 1 
Endeavour 1 
DGP 1 
Geneseeker 1 
G2D 1 
PandS 1 
Pathway Assist 1 
Graphmap 1 
CipherGen Express 1 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 382     K.S.R. College of Arts and Science for Women 

Table 3 Statistical techniques used in diabetes research 

 It is quite clear from our research then, that 

interaction with databases is the only common 

thread that runs through the majority of the 

research we reviewed. The importance of 

continued devel- opment and exploitation of such 

resources cannot be overstated. In addition to 

database resources, numerous statistical 

techniques are employed to analyze data, most 

notably the t-test and then in gen- eral relatively 

straight forward and simply statistical tests are 

used for analysis. Also a large number of different programs are used in diabetes research, 

although none of those that were mentioned seem to be used universally used by the mass of 

researchers. Future research in this area might involve developing a diabetes research toolset 

that researchers in this field use so results can be more easily compared across studies. 
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Abstract 

 Defibrillation is the therapy for fibrillation of the heart muscles. It is again driven by an automated external  
defibrillator by a strong electrical shock.out of hospital cardiac arrest is a significant public health problem killing many 
peoples.the probability of survival after cardiac arrest decreases upto 10% with each minute of delay between collapse and 
treatment. In this paper, we present a mathematical optimization methodology based  on a well established optimization 
model for facility location, to identify geographical hotspots of cardic arrest and prioritize them for public access 
defibrillator deployment by targeting appropriate areas for automated external defibrillator deployment ,coverage of 
potential cardiac arrest sites can be increased and the distance between the location and automated external defibrillator 
can be decreased . 

Keywords: Defibrillation, cardiac arrest, automated external defibrillator, cardio pulmonary resuscition, energy estimate. 

 
Introduction 

 Out-of-hospital cardiac arrest (OHCA) is a significant public health problem, killing 

thousands of peoples. The probability of survival after cardiac arrest decreases up to 10% with 

each minute of delay between collapse and treatment. Cardiopulmonary resuscitation 

including quality chest compressions and early defibrillation can improve chances of survival 

for victims of OHCA. In the real world setting, AEDs are used prior to emergency medical 

service arrival in less than 3% of OHCAs.our investigation focuses on placing AED in close 

proximity to the location of the cardiac arrest. Current guidelines suggest that areas associated 

with the highest risk of cardiac arrest should be targeted for AED deployment. However, the 

method of identifying these cardiac arrest “hotspots” to optimize AED deployment in any given 

community is not clear. Throughout this paper, we will refer to a cardiac arrest hotspot as a 

location having no registered AED within a 100 meter radius. 

 
Locations of registered AEDs 

 We register all AEDs placed by the several regional Public access defibrillation programs 

and also advertise on its website for private owners of AEDs in the public. The registration of 

public location AEDs is voluntary. AEDs are registered in the database with the exact mailing 

address of the building in which it was placed and a contact phone number. These data are 

integrated into a computer-assisted dispatch system 
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Cardiac arrest coverage level 
The database includes geographical 

information regarding the location of the cardiac 

arrest derived from dispatch data and the pick-up 

location indicated by paramedics on the 

ambulance call report. A specific field in the 

database identifies if a cardiac arrest occurred in 

a public setting or not.Once all the pairwise 

cardiac arrest-AED distances were calculated, we determined how many historical cardiac 

arrests occurred within 100 meters of a registered AED. The one hundred meter coverage 

radius was chosen based on the approximate maximum distance an AED could be transported 

within short time.  

 
Comparing optimization and population-guided AED placement strategies 
 We develope an optimization model based on the Maximal Covering Location Problem. 

Our model aimed to identify a set of locations where placing AEDs would maximize the 

number of additional historical cardiac arrests that could be covered within a 100 meter 

radius, above and beyond the number covered by existing registered AEDs. In our model, we 

assumed existing registered AEDs could not be moved. The decision variables were the 

locations of the additional AEDs to be deployed, to be chosen from our database of buildings. 

The model had one adjustable parameter, N, which specified the maximum number of 

locations where additional AEDs could be deployed. Solving the optimization problem with the 

parameter N set to 10, for example, would result in the identification of the top 10 cardiac 

arrest locations where additional AEDs would cover the most cardiac arrests. We ran the 

optimization model for values of N of 20, 40, 60, 80, and 100. A separate optimization problem 

was solve for each value of N.  

 We used the AMPL software language to code the 

algebraic formulation of the model. solve the 

corresponding optimization problem.We developed a 

population-guided AED placement method as an 

alternative for comparison with the optimization 

method. A population-guided model was thought to 

reflect a“common sense” deployment approach which 

is less complex and could be conducted without 

historical cardiac arrest data or an optimization model. We distributed the daytime population 

in each census tract among the buildings situated in that census tract, proportional to the 

number of floors in each building. For each building, we took the fraction of the number of 

floors it had relative to the total number of floors in all buildings in the census tract, and 

assigned that fraction of the daytime population in the census tract to that building. Then, all 
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buildings were rank ordered based on its assigned population, and the top N were chosen as 

locations for AED placement. The values of N chosen were 20, 40, 60, 80, and 100. 

 
Optimization method versus the population method 

 We also conducted a sensitivity analysis of the above approach by implementing a variant 

using the number of businesses in each building, instead of the number of floors, to 

proportionally distribute population in each census tract.To test the optimization method 

versus the population method, we applied McNemar’s test for paired proportions. We used 10-

fold cross-validation where in each scenario, 90%of the cardiac arrests  were used by the 

optimization model to determine the N optimal AED locations, which were then used to 

measure the coverage provided to the remaining 10% of cardiac arrests .The testing sets were 

disjoint across the 10 scenarios. We solved the optimization model for each value of N 10 

times, one for each scenario, and summed the coverage results over all testing data sets. We 

evaluated the population-guided method on the same 10 testing sets. The combined results 

were used to construct a two-by-two matched pairs table for each value of N where the 

diagonals counted the concordant pairs (the number of cardiac arrests covered by both 

optimization and population methods and the number covered by neither) while the off-

diagonals counted the discordant pairs(the number covered by only one of the two methods). 

McNemar’s test was performed on the two-by-two table for each value of N, and an associated 

p-value was calculated. In addition, 95% confidence intervals for paired proportions, centered 

at zero, were constructed for all values of N. 

 
Mathematical model 

The mathematical model we use is shown below. 

 𝑥𝑗 is a binary variable indicating whether cardiac arrest j is covered or not 

 𝑦𝑖 is a binary variable indicating whether an AED is placed in location i or not 

 𝑎𝑖𝑖 is a binary data parameter that indicates whether cardiac arrest j is coverable (within 

 100 meters) of location i 

 𝑁 is the number of locations in which AEDs are placed 

 𝐼 is the number of potential locations in which to place AEDs 

 𝐽 is the number of cardiac arrests in our dataset 

Maximize Σ 𝑥𝑗 

Subject to Σ 𝑦𝑖 = 𝑁  

𝑥𝑗 ≤ Σ 𝑎𝑖j 𝑦𝑖 

for all 𝑗 = 1,…, 𝐽 

𝑥𝑗 = {0,1}, for all 𝑗 = 1,…, 𝐽 

𝑦𝑖 = {0,1}, for all 𝑖 = 1,…, 𝐼 

This is a binary optimization model also known as the Maximal Covering Location Problem. 
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Abstract 

In the perform of current modern medicine, effective and safe use of healthcare technology is acknowledged worldwide 
as essential for any healthcare system. Achieving these goals can be mostly tricky in increasing countries such as India, 
where an estimated 75% of medical technology is imported and studies have exposed that almost 30% of medical equipment 
is out of service. Furthermore, concerns regarding medical equipment safety have been raised in newspaper reports and also 
reported by a conduct study. However, freshly, extensive efforts are being made to introduce changes in the health be 
bothered system that will help in civilizing this situation. Question on these issues were initiated at two „global Clinical 
Engineering Workshops‟ (Trivandrum 2009 and Pune 2011) and two „Regional Clinical Engineering Workshops‟ (Latur and 
Mumbai 2011). A obvious consent emerged from these Workshops that urgent accomplishment was important to initiate 
valuable Healthcare know-how supervision (HTM) perform throughout all healthcare sectors and actively sponsor medical 
device plus equipment safety in India. Subsequently, in February 2012, a round table meeting of experts was held, which 
listening carefully on confronting valuable and healthcare running staff with the troubles to be solved, while on the same 
position in time helping to increase an exploit plan to bring about  the necessary changes. These consultations identified 
existing gaps and fundamental reasons, thus leading to improvement of an action plan for the future. This article reviews all 
these trouble and tourist attractions the outcomes. 

Keywords: Healthcare equipment supervision, medical production, checkup tool protection, nationalized hard work, India. 

 
Introduction 

Healthcare system in India and its strengths 

Healthcare respite systems in India consist of evolved over the living far-reaching outside a 

mix of union funded civic healthcare system and those locate up and about and doing by ready 

to lend a hand organisations upgrading hush-hush community groups. In spite of being the 

main healthcare save coordination, the economic contribution from the administration to its 

community healthcare system has remained low and close to 1% of GDP over the last two 

decades. 

The direction contributed only 26.2% to the total healthcare operating charge in 2010, 

ensuing here an increased  share from the philanthropic as well as not public organisations for 

healthcare delivery. 

One of the strengths of the Indian healthcare system has been its high quality lessons of 

doctors and nursing professionals. Wide gorgeous of these professionals all over the planet is a 

tribute to their imperative stature of incontestable expertise and competence. within fresh life, 
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wits is also being heading for towards improving with formalising schooling of the allied health 

professionals through business of the National Institute of Allied Health. 

Momentous efforts have been made to improve the quality of healthcare delivery by 

introducing Quality Management Systems. The process of hospital accreditation has made 

significant progress bearing surrounded by mind so as to indicated by a steady boost destined 

for the duration of the number of hospitals ascribed by the National agent consent panel for 

Hospitals as radiant considering that Healthcare Systems, in view of the fact that its dark in 

2006. The passing of the Clinical closeness proceed 2010, in the Indian Parliament has been a 

new resolution milestone towards ensuring minimum standards of quality for all healthcare 

systems. 

 
Management of medical devices 

In spite of the strengths reported above and recent quality improvement initiatives in the 

Indian healthcare system, one aspect that seems to have attracted less attention from the 

healthcare system leaders and policy makers is the need to have effective HTM systems and 

ensure safe use of medical devices. This is particularly challenging when an likely 75% of 

medical devices in India are imported. A recent study covering single of the largest public 

hospital in South India and four related institutions reported that out of total 3790 pieces of 

medical equipment physically verified, 30% were found to be “out of service”. Significant issues 

existed with the repair and condemnation of the equipment and were attributed to process and 

procedure failures in equipment management and vendor management, sub-optimal user 

training, lack of safety testing and preventive maintenance. Furthermore, absence of formal 

training opportunities and certification systems for Clinical Engineers also seems to be 

contributing to suboptimal HTM practices. 

 
Therapeutic device safety issues 

Remedial machine authoritarian mechanisms connecting adverse event reporting protocols 

and effective HTM practices are in consign in most countries to ensure quality and safety of 

healthcare technology, thus minimising these risks. Efforts aimed at establishing an 

independent Medical Device Regulatory Authority in India contain been underway for many 

years and the progress has been rather slow in this regard. Periodically appearing newspaper 

reports, for illustration, on those of the deaths of babies due to incubator fires, though 

anecdotal, point at finding the middle view in medical device safety  while in use. The results of 

a pilot study conducted in the Indian city of Pune showed that out of 79 clinicians (surgeons 

and anaesthetists) surveyed, 70 reported that they had witnessed medical device safety 

incidents. The most common incidents reported were those with electrocautery (57%) and 

motorised procedure tables (47%), followed by surgical lamps and suction pumps (33%), 

patient monitors (29%) and anaesthesia machines (24%). moreover, 78% (50/64) of the 

respondents reported that they were not aware of any electrical safety testing procedures for 

medical apparatus used for serious care in hospitals . Absence of a formal adverse incident 
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exposure and examination system for medical devices further aggravates this situation. 

Presence of such systems are mandatory in many countries and has definite that these events 

can be vetoed through apposite changes in the way in which healthcare equipment is used, 

organised, managed and delivered. 

 
Need for change 

In order to convey about the obligatory alter in this situation, national efforts have been 

underway to encourage discussion and increase an overall attentiveness on the subject of the 

need for effective HTM practices and increased medical device safety. This article highlights 

these efforts by provided that a brief account of the two International and two Regional medical 

Engineering Workshops and a successive consultation meeting, and reports the outcomes of 

these initiatives. It also discusses the ways to take these initiatives forward. 

 
Advanced Clinical Engineering Workshop – India (2009) 

International cooperation 

Since 1991, the American academy of Clinical Engineering (ACCE) in group effort with the 

World Health Organization (WHO), the Pan American Health association (PAHO) regional WHO 

offices and other non-governmental organizations (NGOs), has been actively involved in 

conducting ‘composite Clinical Engineering Workshops’ (ACEWs) in many potential countries 

across the  world. The purpose of these workshops have been to inform stakeholders of the 

healthcare system in these countries about modern clinical engineering professional practices 

and healthcare technology supervision strategies, and thus donate to the expansion and 

spiraling of their HTM practices. 

 
Training and competency development opportunities 

The first ACEW in India was organised by Sree Chitra Tirunal association for Medical 

Sciences and Technology in October 2009 in Trivandrum. The faculty for this meeting 

incorporated six experienced Clinical Engineers from the USA and senior clinicians, hospital 

managers and experienced Clinical Engineers from leading hospitals in India. The participants 

included clinical engineers working in Indian hospitals, faculty from universities and 

engineering colleges, and representatives of leading medical tools manufacturers, hospital 

managers, post-graduate students and medical doctors across the country. There were also 

special invitees from way departments involved in developing healthcare knowledge policy. 

The workshop covered a wide range of HTM topics such as strategic scheduling, equipment 

getting hold of, safeguarding planning, user training, risk management, financial planning and 

management, replacement planning as well as device regulation, telemedicine, human factors, 

electromagnetic interference, and telemetry. 
 

Contact of the Workshop 

This first Workshop in India on the area of HTM with involvement of American faculty 

greatly helped to increase overall awareness and bring to the forefront, main HTM issues. The 
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topics discussed at this Workshop including the preparation and aptitude necessities for 

certification of Clinical Engineers in the USA, the use of information technology in modern HTM 

practices, factors distressing equipment safety and many others that were found very 

informative by the participants. These thoughtfulness provided  an opportunity to compare the 

CE profession in the two countries, which led to a clear consensus among the participants as 

well as faculty that urgent action  was needed to strengthen the CE career in India through 

appropriate training and qualifications. These trained and certified CEs would then introduce 

good HTM practices in all the healthcare sectors and also ensure measures for achieving 

medical device and equipment safety. The Workshop also provided the Indian CEs with a 

common put on view place for networking and interface. 

 
International Clinical Engineering Workshop – India (2011) 

Engaging with healthcare organisations 

In order to sustain the thrust generated by ACEW-India (2009) it was careful necessary to 

continue this movement and hence a next International medical Engineering Workshop (ICEW 

– India, 2011) was organised equally by the College of Engineering, Pune and Sree Chitra 

Tirunal Institute for Medical Sciences and Technology, and held in Pune in February 2011. The 

understanding and interest generated by the before seminar and successive activities 

optimistic leading healthcare organisations, explicitly the Armed Forces Medical College, Fortis 

Healthcare Ltd, Max Healthcare society, and Deenanath Mangeshkar Hospital and Research 

Centre, to associate with this Workshop as Academic Partners. 

 
Focus on medical device safety 

The theme of this Workshop was chosen to be ‘Medical Device Safety’ and the Vice 

Chancellor of the Medical University of the state of Maharashtra was invited to be the boss 

visitor after that to the initial vocation. This conclusion was with the reason of attracting the 

become aware of of clinical fraternity who, if converted, would stipulate or could initiate the 

compulsory changes in the healthcare classification. 

In line with the Workshop’s argument, a low priced Indian publication of the book titled 

‘medicinal Devices: Use and Safety’ by Bertil Jacobson and Alan Murray (Elsevier, India) [8], 

was released with the put up with of the supervisory of Medical learning all along with chief 

Hospitals, Mumbai Municipal business. each the speakers equivocally spoken their 

apprehension above tools allied long-suffering custody incidents, which they had witnessed in 

their medical practice, plus unanimously predictable the significant function of trained and 

expert methodological Engineers within dropping such incidents. They also strongly endorsed 

the need intended for setting up a qualifications Body for Clinical Engineers in India, and solid 

help and complete support for this scheme. 

Experts and CEs from the UK and India served as capability to this Workshop, which 

included learning modules in Clinical Engineering Practice, to improve knowledge, skill and 

competence in important areas. The Head of the Medical Devices Group of the World Health 
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Organisation also supported this practicum by generous a talk and interacting with the 

participants over the internet. This talk highlighted the group’s activities in the context of 

effective and safe use of medical devices. The topics covered during the Workshop included 

apparatus procurement, planning and financial management, medical device safety, medical 

device instruction, innovation in healthcare technology, IT in health care, quality management 

and accreditation of hospitals and CE training and qualifications. To ensure so as to the training 

was relevant, participants incorporated hospital administrators, managers, clinicians, 

educational and teaching faculty, students, NGO legislative body and business human resources. 

 
Charming with clinicians and hospital managers 

At the inaugural meaning, a majority of the eminent dignitaries occupying the dais were 

clinicians and hospital managers. This gave an indication of their strong support to this 

initiative and sincere intent to deal with the problems of HTM also medicinal kit shelter We 

judge that this was a large success of the organisers because if the CE vocation has near take 

care of next to home India, next it would need thanks as well because strong hold up 

commencing the clinical company, who usually live in positions of high power and make 

important decisions on the topic of policy and allocation of funds during the healthcare system. 

This kind of engagement with the clinical company and hospital managers would make a 

payment to the continuing achievement of this initiative. 

 
Impact of the Workshop and follow up activities 

The talks and planning at this Workshop on the importance of good HTM practices and 

increased medical device safety seemed to generate significant interest among medical 

professionals in the neighbouring cities. This was evident from an temptation received from the 

Dean of Government Medical college, Latur, Maharashtra State (Latur is a city about 330 km 

from Pune) for conducting a similar Workshop in their fitness make sure College. Therefore, as 

a follow-up activity, two restricted scientific Engineering Workshops (RCEWs), one-day 

measures on ‘Patient Safety plus Healthcare Technology Management’ were organised in 

supervision Medical association, Latur, and Seth Gordhandas Sunderdas Medical university 

fond of to King Edward commemorative tablet rest home, Mumbai in bud vase all from end to 

end adding mutually  to June 2011 in that order. on or behind aperture to end these Workshops 

it was gifted to convey the message to many added stakeholders from corresponding regions 

along with also permit the tutorial stylishness to lower answer on practical difficulties and 

challenges faced within implementing HTM practices, especially in places to be start absent 

from the major cities of the sovereignty The consultation by means of the side of these RCEWs 

also triggered the messages of a document proposing to set up split ‘Departments of trial 

Engineering’ within the state owned health verify College Hospitals in the grade of 

Maharashtra. The over and done with scheme was submitted to the Health learning bureau of 

the fact supervision for further kindness. 

 



Vol. 5              Special Issue 2            October 2017                      ISSN: 2321-788X 

 
 

 

Shanlax International Journal of Arts, Science and Humanities  Page 393 

Medical Engineering Conclave – India (2012) 

Need for consultation for decisions on the way forward 

The two global and two simple Clinical Engineering Workshops provided an effective 

means of creating awareness about CE, HTM plus Medical Device protection,  among key 

stakeholders, clinicians and advanced powers that be of the healthcare organism. They brought 

mutually eminent national as well at the same time as international experts and generated a 

consent in cart of a strong CE calling for India. but, the format of these Workshops provided 

limited occasion and time for these experts to cooperate and develop an action plan for 

improving the HTM position for the country. This was the aim of the succeeding and freshly 

organised in a circle stall congregation of experts, the Clinical Engineering congregation – India 

2012, in KEM Hospital, Mumbai in February 2012. 

 
Support from key Indian national healthcare groups 

The invitees to this congregation were individuals in positions of authority in various 

healthcare escape sectors of the country. In India, in addition to the main administration funded 

public healthcare system, near exists other smaller, but independent have power over funded 

healthcare sectors. For instance, hospitals have been established and funded by the supervision 

through the society of Indian Railways for the railway employees (about 14000 beds across 

India). equally, the Ministry of Labour and service supports another independent group of 

hospitals called human resources State Insurance Hospitals (about 22000 beds across India). 

The Director Generals and Chief supervisory officers of these middle sized country-wide public 

health sectors were expressly invited to this convention, with the purpose of encouraging the 

opening of the process of strengthening HTM tricks within their sectors, which would then 

serve as a model for the superior state owned public healthcare systems. In addition, other 

experts in senior positions working in open-minded and private healthcare sectors and related 

organisations such as government medical apparatus procurement agencies, official 

recognition bodies (National authorization Board for Hospitals and Healthcare Systems), 

Medical payment of India, Army Medical group and educational Institutions, enthusiastically 

contributed to the discussions at this meeting. The international experts from the UK and from 

WHO were special invitees and they shared their experiences and gave priceless suggestions. 

 
Agreed objectives 

The three important provisions of the existing healthcare system were well-known while 

 encouragement of effective HTM practices 

 support of safe use of medical devices 

 improvement of CE human being resources 

The discussions at this meeting focussed on the following points 

 Identify gaps in modern HTM practices 

 Identify unique reasons for these gaps 

 Propose action points just before close these gaps 
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 Propose an accomplishment plan for the action points 

 Suggest a time frame for implementation of the plan 

 Identify organisations to implement the plan 

 Influence public health policy to adopt effective HTM 

 
Discussions on HTM 

The clinicians invite to this get-together initiate the discussion by highlighting their 

practical problems especially in public hospitals. From these inputs it was evident that 

activities associated with medical tackle board were mainly the responsibility of clinical 

workforce who were already overburdened through irrefutable work. This in calculation led to 

long delays in the procurement process, causing problems such as non easiness of use of 

garnishes and consumables photo the begin not viable. This indicated that the CEs in the system 

played a a bit limited task in tools management. Factors such as no more than some CEs 

affianced in the bringing together joint with low down levels of education were at the same 

time as glowing contributing to this condition. Council because of the bodily form check 

machine industry risky not at home as a result as to the hospitals did not give adequate sign en 

path in favor of partition of ample rites for maintenance and repairs of the equipment. A 

majority of experts keen absent that many of the problems in the context of HTM could be 

attributed to absence of clear policies. Thus, the need to educate policy makers and advocate 

the development of policies and ruling at all levels were considered essential. 

 
Discussions on medical device and equipment safety 

 Another major focus of the discussions was medical device and apparatus safety. It was 

acknowledged that incidents relating to the use of medical devices were far from rare, and that 

follow-up investigations were habitually not carried out, due in part to the absence of a formal 

reporting system. Therefore, it was envisaged that an internet based anonymous occurrence 

reporting system would be useful as a platform for sharing experiences and information 

regarding incidents between healthcare organisations, and thus also lead to national corrective 

and preventive actions. 

 
Discussions on human resource development in CE 

One of the major factors leading to suboptimal equipment management was branded as 

limited or non-availability of trained CEs and Biomedical Equipment Technicians (BMETs). It 

was proposed that a professional body to carry out certification and continuous professional 

development of CEs and BMETs be established. Short training courses for the CEs and BMETs 

currently employed in the hospitals was also identified to enable them to improve their skills. 

 
Action points identified 

 The purpose of this meeting was to identify specific action points and get superior an seal 

plan. Therefore the following action points were recognized by the experts 
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 Develop a programme used for implementing an unpleasant Event treatment structure, 

initially in selected hospitals and after that unearth better it to small level 

 Carry out a systematic survey on existing HTM practices in poles apart healthcare sectors 

and identify the gaps 

 Initiate formation of a professional body for CEs and BMETs, which would establish pre-

requisites for certification of these professionals, and administer periodic qualifications 

examinations. They may also identify requirements for conducting short training of CEs 

and BMETs 

 Advocate at various levels of government for the development of policies for HTM and 

medical device safety 

It was proposed that a ‘Core Committee’ of experts would be formed, who would identify 

the individual organisations, including NGOs to take responsibility for implementing one or 

more action points. They would set up a detailed proposal and submit it to the Core Committee 

for review, who would then explore sources of money to support these initiatives. Periodic 

meetings of this committee will be conducted to review the progress in accomplishment of the 

action point. A corresponding initiative intended at introducing formal education and training 

for CEs started in 2007. The three premier academic and research organisations of the country, 

namely, Indian Institute of Technology Madras, Christian Medical College Vellore and Sree 

Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum, launched in 2007, a 

post-graduate degree programme, M. Tech. in quantifiable Engineering, a first of its kind in the 

country. This programme was designed to prevail over the limitation of existing Biomedical 

Engineering placement Graduate Programmes, which seem to lack the condition of sufficient 

clinical exposure and tend to present a restricted institution in modern birth sciences. 

 
M. Tech. Clinical Engineering training 

This three Institute joint M. Tech.  Programme is 2.5 years in duration besides includes 

academic training as well as direct exposure to the detached environment. The course work 

covers topics in medical sciences (physiology and anatomy), medical device talent, healthcare 

knowledge and quality management, and checkup device guideline and safety. The ‘proven 

Attachment’, a single feature of this programme, provides students through sufficient time and 

opportunity to be immersed in the clinical environment and thus, know important practical 

aspects of healthcare delivery. They are able to closely relate through the healthcare 

professionals in a choice of clinical departments of the hospitals. Firstly, this helps the students 

to turn into familiar with typical sanatorium environments and secondly, enables them to 

identify the ‘unmet physical condition check need’ and hence propose innovative technology 

receptiveness solutions to address these needs. The ‘Internship’ in unarguable import 

Departments of the hospital of host organisations as well as other major hospital allow a 

scholar toward vision and as well be difficult in a array of actions linked headed for tools 

running. 

 



International Conference on  
Neo Trends in Bioinformatics and Its Models in Mathematical Perspective [NTBMP – 17]    
 

Page 396     K.S.R. College of Arts and Science for Women 

Discussion 

 The recent efforts in the form of the four Workshops and the conference meeting have 

certainly achieved the first step of creating an awareness regarding the need for good HTM 

practices, safe use of medical devices and development of the CE career in India. It was 

acknowledged that there are substantial challenges associated with the management of 

healthcare technology, the availability of clinical engineers and their working out, and the lack 

of effective medical device incident reporting. However, the recent national level discussions 

reported here are beginning to tackle these issues through a deliberate advance. Indeed, we can 

report that since the latest Mumbai meeting in February of this year, a question has been raised 

in Rajyasabha, the Indian parliament’s upper house regarding expensive furthermore 

sophisticated equipment lying unused due to lack of skilled technicians and absence of their 

maintenance. 
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