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SYNPOSIS

Data mining along with soft computing techniques helps to unravel hidden relationships
and diagnose diseases efficiently even with uncertainties and inaccuracies. Coronary Heart
Disease (CHD) is a killer disease leading to heart attack and sudden deaths. Since the diagnosis
involves vague symptoms and tedious procedures, diagnosis is usually time-consuming and false
diagnosis may occur. A fuzzy system is one of the soft computing methodologies is proposed in
this paper along with a data mining technique for efficient diagnosis of coronary heart disease.
Though the database has 76 attributes, only 14 attributes are found to be efficient for CHD
diagnosis as per all the published experiments and doctors’ opinion. So only the essential
attributes are taken from the heart disease database. From these attributes crisp rules are obtained
by employing CART decision tree algorithm, which are then applied to the fuzzy system. An
Artificial Bee Colony Optimization (ABC) technique is applied for the optimization of the fuzzy
membership functions where the parameters of the membership functions are altered to new
positions. The result interpreted from the fuzzy system predicts the prevalence of coronary heart

disease and also the system’s accuracy was found to be good.
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INTRODUCTION




1. INTRODUCTION

Today’s world of preset data anthology and futuristic database provides us with a copious
amount of information in various e-formats. Detection and prediction with certain knowledge has
become effective through data analytics. Extraction of acquaintance and preprocessing of
missing attributes increase the process of such system. Splitting of huge database into branches
with the classifiers such as Decision tree which enhance the process of prediction. The fuzziness
of the system should be impassive and optimized to gain better accuracy of the prophecy. The
significance of the prediction in the health check domain is rapidly escalating now -a -days. One
of such medical forecast that prevents heart attacks and sudden deaths is the prediction of
Coronary Heart Disease.

1.1. CORONARY HEART DISEASE (CHD)

According to aetiology, Atherosclerosis is alleged to be the most assassinating disease in
the majority of developed and developing countries like India. Atherosclerosis is a medical
terminology used to describe the ruptures of the arteries of the heart muscles by causing blood
clots or plaque. The plaque is made up of fat, cholesterol, calcium and other substances which
build upon the walls of the blood vessels. The arteries are responsible for supplying the oxygen
rich blood to the heart muscles. When the blood clot grows huge enough, it blocks the flow of
oxygen affluent blood to the heart muscles absolutely as shown in Fig 1. This causes angina or
heart attacks or even to sudden death. The angina is the chest pain or uneasiness due to the lack

of oxygen in the blood [31].

The Coronary Heart Disease (CHD) is the damage in the interior of the coronary
arteries leading to heart attacks and Arrhythmias. The Arrhythmias is the problem even in
adolescent people with respective to the rate or rhythm of their heartbeat [29]. The early
prediction of such tedious disease can reduce the mortality rate. These types of prophecy
nowadays are quite impressive in the world of robotic technology. The following inspection
provides us with better way to end with such prediction proposals. The disease is becoming
pandemic and affects even the younger generation. The symptoms are usually vague and
correlated with other diseases. The diagnosis procedures are also time-consuming and prone to
errors. This leads to adverse effects and sudden deaths. Proper treatment may not be given at the

right time due to the false diagnosis. Patients may not accurately explain their difficulty or



doctors at times may misinterpret the diagnosis. A clearer understanding of the disease including

the risk factors and the attributes leading to the disease is important [28].
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Fig 1. A Coronary artery affected by Atherosclerosis
1.2. DATA MINING

The digital world of today produces a copious source of data known as big data. This big
data consists of non-trivial, hidden, previously unknown and potentially valuable data [19]. Such
data can be used effectively for the prediction of future trends. This can be done through data
mining processes. The veiled patterns and relationships can be retrieved knowledge based on
mining. This effective tool is used to identify the acquaintance based on convinced criteria. Thus,

it is sometimes known as data or knowledge discovery.

The ultimate goal of data archeology is to extract useful data and analyze them with
different perceptions and gather them into useful information. There are large database of

information that has been stored in various electronic forms which may consist of curtailed,



noisy and inconsistent data. The data mining methodologies are used to harvest the embedded

information which is used as a cause of knowledge for decision building.

The electronic data are preprocessed by the data or pattern analysis to construct the
predictive modules. These modules are rooted with the algorithms such as K-means, SVM,
KNN, CART, Naive Bayes, etc to envisage the indispensable knowledge or information for

decision making.
1.3. DECISION TREE

A decision tree is a widely used data mining classifier, which incorporates both nominal
and numerical data. Being uttered as a recursive partition of the instance space, the decision
trees use certain discrete function of the input attributes. According to a Survey on Decision Tree
Algorithm For Classification by Brijain R Patel et al. (2014) [5], to extort models from a large
data set there are two forms of data analysis namely classification and prediction. Such analysis

can be effectively worn to foresee for prospecting data trends.

The decision trees are the well known paradigm to depiction any discrete value classifier
that is proficient of handling datasets that may have error and missing values. Consequently,
these trendy approaches are used to predict the accuracy of CHD in a choice of related studies.
Widely used heart disease datasets in decision tree research consists of 303 numbers of instances

and 75 numbers of attributes.

‘The tree complexity has a decisive effect on its accuracy’ was the statement by Breiman
et al. (1984) [4]. This tree complexity of the decision tree is clearly achieved by using stopping
criteria and the pruning methodologies. Thus, the decision tree inducers provide exclusive

potential to boost the conventional statistical forms of analysis.

The decision tree inducers are the algorithms that involuntarily construct a
decision tree from a specified dataset. The primary objective is to obtain the optimal decision
tree thereby minimizing the generalization error. The decision tree inducers can be reflected on
either of top-down or bottom-up approaches. The greedy algorithm is considered to the

indispensable learning approach that proceeds with the recursive top down approach of decision



tree structure. The decision tree algorithm has experienced a lot in the world of data mining.

These inducers algorithms such as CART, C4.5, and C5 are largely used in the predictions.
1.4. FUZZY SYSTEM

A fuzzy system is considered to be the conservatory of the traditional fuzzy mathematics.
The fundamental of the fuzzy mathematics are laid by the fuzzy sets and the fuzzy logic. The
multi-valued logic that allows transitional values to be defined between conventional evaluations
like 0/1, true/false, yes/no, high/low, etc are known as Fuzzy Logic. The fuzzy set is considered
to be the basic notion of the fuzzy system. Membership functions of fuzzy sets can be distinct in
any integer of ways as long as they follow the rules of the description of a fuzzy set [1].

The fuzzy logic is said to be the superset of Boolean logic that has been unmitigated to
grip the concept of the partial certainty values between ‘completely true’ and ‘completely false’.
The fuzzy system logic recognizes further than simple true and false values. The expertise
considers fuzzy logic as “a constitution of knowledge depiction appropriate for notions that
cannot be defined accurately, but which depend upon their context”.

The Classical set or the Crisp set contains the objects that can convince accurate
properties of membership. The Crisp membership functions have values of either one or zero.
But the fuzzy set contains the vague properties of membership in correspondence to their objects.
Fuzzy is said to determine “possibility” rather than “probability”. The impetus of the fuzzy logic
is to alleviate difficulties in developing and analyzing complex systems encountered by the
conventional mathematical utensils.

Fuzzy Logic Process

The Fuzzy logic process is a progression of computing, reasoning and modeling with the
fuzzy familiarity. Despite the fact that the massiveness of the information we incorporate each
day with fuzzy, most of the actions or decisions implemented by humans or machines are crisp
or binary. Fuzzy logic provides a substitute way to represent linguistic and subjective attributes
of the real world in computing [3]. It is able to be applied to control systems and other

applications in order to improve the efficiency and simplicity of the design process.



1.5. OPTIMIZATION

The analytical methods that are used to stumble on the optimum solution or unimpeded
maxima or minima of constant and differentiable function are said to be the Classical
optimization techniques. The formula behind these techniques is executed iteratively by
comparing diverse solutions in order to acquire the expected optimal result. There are two
discrete types of optimization algorithms generally used

¢ Deterministic Algorithms - Specific rules for moving one solution to other.
e Stochastic Algorithms - Probabilistic translation rules for gaining popularity due to

certain properties. One of such algorithm is the Swarm Intelligent (SI).

Swarm Intelligent Optimization

The synthetic intelligence which is based on the collective performance of decentralized
and self-organized systems is known as Swarm Intelligent (SI). The Sl is a loosely structured
collection of interacting agents which can be distinguished, communicated and/or interrelated
with each other. Since the agents can be easily added or removed without influencing the
composition of the system, it is measured to be flexible and can be adapted in new situations.

Swarm Intelligence indicates a recent computational and behavioral metaphor for solving
distributed problems that originally took its inspiration from the biological examples provided by
social insects (ants, termites, bees, wasps) and by swarming, flocking, herding behaviors
invertebrates. Any attempt to design algorithms or distributed problem-solving devices inspired
by the collective behavior of social insects and other animal societies. Main algorithmic
frameworks based on the notion of Swarm Intelligence: Collective Intelligence, Particle Swarm
Optimization, Ant Colony Optimization Computational complexity, NP-hardness and the need
of (meta) heuristics Some popular meta heuristics for combinatorial optimization tasks.

This manuscript deals with prophecy of the Coronary Heart Disease by preprocessing of
the heart disease database to salvage the efficient attributes and classifying of the colossal
database into prediction nodes. The nodes are evaluated for eliminating the vagueness of the

system and are optimized to obtain the best accuracy.
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1. RELATED WORK

Data mining methodologies are an efficient tool for identifying the knowledge concealed
into huge medical databases [9]. Cardiovascular diseases have become the major reason for
deaths in US as per the research by American Heart Association [11] and also in many other
countries like India. Coronary heart disease is also a cardiovascular disease leading to heart
attack. The ability of data mining in solving medical diagnosis problems have been reported by
World Health Organization (WHO) in 1997 [18]. Imran et al. proposed a comparative
performance of Logistic Regression (LR), Classification and Regression Tree (CART),
Multilayer Perception (MLP) Neural Networks and Self Organizing Feature Maps (SOFM) for
predicting coronary heart disease and found that LR, CART and MLP performed better than

SOFM but the classification accuracies were very low[15].

Artificial Immune Recognition System (AIRS) along with Principle Component Analysis
(PCA) and k-Nearest Neighbor (k-NN) algorithms were used by Fatma et al, for the prediction of
atherosclerosis (artery obstruction), which predicted the blockage of arteries throughout the body
accurately, but not the artery obstruction of heart in particular [10]. Coronary heart disease
diagnosis using Exercise Stress Testing (EST) along with neural networks was proposed by
Ismail et al. but the system did not perform well with lesion localization [16]. Support Vector
Machine (SVM) based heart valve disease prediction using heart sounds was proposed by llias et
al. Though SVM is a common method of classification used in medical field, the classification

accuracy was only 77% and did not in particular predict the coronary heart disease [14].

A comparative performance for feature selection using Binary Particle Swarm
Optimization (BPSO) and Genetic Algorithm (GA) was proposed by Ismail et al. and found that
BPSO performed better than GA [17]. The algorithms were centered only towards the attribute
reduction using feature selection, not in heart disease prediction. A fuzzy-evidential hybrid
inference engine for coronary heart disease prediction was proposed by Vahid et al. The fuzzy
system consisted of fuzzy rule base and membership functions for diagnosis but the prediction
accuracy was 91.58% [26]. A decision support system with Optimal Decision Path Finder
(ODPF), which is a automatic decision making process, proposed by Chih-Lin Chi et al. for heart
disease prediction [6].



Though cost savings were found in this algorithm, the prediction accuracy was only 55%.
Association rule mining using multi resolution image parameterization was proposed by Matjaz
et al for coronary artery disease diagnosis. The algorithm works with the scintigraphic images of
heart and used with image processing. The accuracy technique involved was less than 90% and

the diagnostic efficiency was very less [21].

Image processing and machine learning technique for evaluation of medical images was
proposed by Luka et al. This also included the scintigraphic images and parameterization
techniques but the classification accuracy was low though the diagnostic power was increased
[20]. Dursan et al. proposed an analytic approach comparing SVM, Decision Trees (DT) like c5,
CART and Neural Networks. The sensitivity analysis techniques were applied and process

showed that SVM performed better than the other two with only 88% accuracy [9].

A fuzzy expert system approach for coronary heart disease prediction was proposed by
Debabrata et al. [7]. The fuzzy rule base and knowledge base were formulated separately for the
analysis. The entire set of processes indicated that fuzzy system performed better than ANN, ID3
and CART, but the accuracy of fuzzy system was only 84%. P.K. Anooj proposed a clinical
decision support system using weighted fuzzy rules and fuzzy rule-based DSS. The weighted

procedure included along with fuzzy rules was an added advantage but the accuracy was 67.75%

[2].

Using ANN as feature selection method for Ischemic heart disease prediction was
proposed by Rajeswari et al., for reducing the number of features showed better performance
[24]. The attribute reduction using back propagation algorithm was excellent with 89% accuracy
only. Domain-driven decision support system for mining novelty rules from heart disease dataset
[25] was proposed by Y. Sebastian et al. The rules were not properly evaluated and had many

limitations such as large number of attributes and less accuracy.

A feature selection method from ECG using CART for the prediction of myocardial
infarction was proposed by Hui Yang et al [13]. The Electro Cardio Gram (ECG) and Vector
Cardio Gram (VCG) features were selected and feature selection was made. The entire process
included many complex procedures. The following table 1 illustrates the summary of above

discussed literature survey.



S.No | Paper Author of the | Year Methodology used No. of Attained
Reference | paper Publicat attributes | accuracy
No ion / dataset | (Approximat
ely) %
1 [1] Persi Pamela | 2013 CART decision Tree; | 14 94%
et al. Fuzzy System ;PSO
2 [3] Markos etal. | 2008 Decision Tree; Fuzzy | 19 73.4%
modeling &
Optimization
3 [4] Kantesh etal. | 2014 Fuzzy reasoning 6 80%
4 [5] K Cinetha 2014 Fuzzy logic; Decision | 1230 97.67%
et al. Tree with Clustering | (Training
data)
5 [6] Debabrata 2012 CAD Screening 7 84.20%
et al. Expert System; Fuzzy
System
6 [7] S 2012 Decision Tree; PSO; | 13 93.27%
Muthukarupp- Fuzzy expert System
an et al.
7 [8] Dursanetal. | 2012 SVM; Decision Tree; | 19 87.74%
Neural Networks
[9] llias et al. 2009 SVM 198 (Heart | 77%
8 sound
signal)
[10] Chih-Lin Chi | 2010 Decision Support 49 50%
9 et al. System with Optimal
Decision path finder
10 [11] Rajeshwari 2012 ANN ; Back 12 89.4%
et al. Propagation

Table 1
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2. EXISTING SYSYEM

The proposed system deals with only the essential attributes taken from the Cleveland
and Switzerland heart disease database from UCI machine learning repository. Out of 76
attributes, 12 attributes are found to be essential for the diagnosis as mentioned in all published
experiments. The attributes include age, sex, blood pressure, cholesterol, maximum heart rate,
chest pain type, old peak, slope, thallium scan, and fasting blood sugar, rest ECG and exercise
angina. With these 12 attributes the accuracy of the system was 93.27% [22]. Taking systolic and
diastolic blood pressures into the diagnostic process the accuracy improves to 94.4%. So, 14
attributes are utilized in the CART decision tree algorithm for obtaining the crisp if-then-else
rules.

The output of the decision tree provides only the rules with these attributes and does not
need any pruning mechanism to prune the unnecessary branches of the decision tree, this saves
time and also appropriate rules can be obtained. These crisp rules are fuzzified in the fuzzy
inference system through the triangular membership functions. Fuzzification is essential since a
degree of membership is given for each member of the set. The parameters of these membership
functions need to be tuned or optimized for a better diagnosis. An Artificial Bee Colony
Optimization (ABC) method is employed, which locates the optimal results by iteratively
improving an appropriate solution. With the optimized membership functions, the fuzzy system
predicts the results more accurately.

3.1. CART Decision Tree Algorithm

Decision trees are a simple yet prevailing method for numerous variable analyses.
Breiman et al., (1984) [4] has projected the classification algorithm called the Classification and
regression tree (CART) for constructing binary trees in which each internal node precisely has
two retiring edges [32]. The CART algorithm has been also termed as Hierarchical Optimal
Discriminate Analysis (HODA) that enables the users by providing the prior probability
distribution. The cost-complexity Pruning and Gini index are used to prune the tree obtained
from the CART algorithm and as the impurity measure for selecting attribute respectively. The
measure should be at a greatest when a node is evenly separated among all classes and should be
the least when the node contains only one class. The Gini impurity measure is given as i(t)=1-S
where S is the impurity criteria given as , for j = 1 to k, k denotes the number of classes and p(j|t)



denotes the probability of class j in node t. The algorithm yields crisp rules along with the
decision tree. This algorithm makes use of both categorical and numeric variables either to
construct classification or regression trees and thus it is a non-parametric decision tree learning
technique.
3.2. Fuzzy System
Fuzzy system is one of the soft computing methodologies used to solve problems dealing

with inaccurate and imprecise data but gives accurate results. It performs fuzzification using the
fuzzy inference engine and knowledge base and finally defuzzification which gives the crisp
output. With the knowledge base; the inference engine fuzzifies the input. Finally defuzzification
is performed to obtain the crisp result.

e Fuzzification - Converts the crisp input to a linguistic variable using the membership

functions stored in the fuzzy data base.

The conversion of real inputs to fuzzy set values is the preliminary of the fuzzy system.
In the real world, hardware and manuals generates crisp data, but these data are subject to
investigational errors. By establishing the fact base of the fuzzy system we identify the input
and output of the system. The IF THEN rules are coiled and uses unprocessed data to

develop a membership function.
e Fuzzy inference system

The Fuzzy rules are based on fuzzy premises and fuzzy consequences. Truth value for
the premise of each rule is computed, and applied to the conclusion part of each rule. This
results in one fuzzy subset to be assigned to each output variable for each rule. There are two
inference methods/inference rules: MIN and PRODUCT.

e Defuzzification- Convert the fuzzy value obtained from composition into a “crisp” value.

This process is often intricate since the fuzzy set might not interpret directly into a crisp
value. But it considered being obligatory, since controllers of substantial systems require
discrete signals. The conversion of a fuzzy quantity to a precise quantity, just as fuzzification
is the conversion of a precise quantity to a fuzzy quantity. The output of a fuzzy process can
be the logical union of two or more fuzzy membership functions defined on the universe of

discourse of the output variable.



Defuzzification approach is intended at producing a non-fuzzy control action. The crisp
value of the output variable is computed by finding the variable value of the center of gravity
of the membership function for the fuzzy value. There different defuzzifying methods that

used most commonly, one of them is Centroid of area (COA).
Centroid of area (COA)

COA finds the point where a vertical line would slice the aggregate set into two equal
masses. Centroid defuzzification method finds a point representing the centre of gravity of

the fuzzy set on its interval.

Mamdani fuzzy inference system is used and for generating the membership functions,
triangular membership functions have been employed, defuzzification is performed through

Centroid of is method which is applicable to fuzzy sets of any shape.

3.3. Particle Swarm Optimization (PSO)

Particle Swarm Optimization is a population based optimization algorithm motivated by
the communal activities of bird flocking and fish schooling [12]. Though PSO shares similarities
with genetic algorithms, it has some variations including the avoidance of genetic operators like
mutation and cross-over. When compared to genetic algorithms, PSO has only less parameters to
adjust and much easier to implement [8]. The population is initialized with a group of random
particles.

Every particle has two values associated with it, a personal best (pbest) and a global best
(gbest) values. The best fitness value achieved by the particle is the pbest and the best value
obtained in the overall population is the gbest. With these values, the velocities of the particles
are calculated and thus the positions are updated. The process continues until the maximum
number of iterations is reached.

The optimization process takes place with the values of cognitive acceleration, social
acceleration, values of the velocities at the beginning and end of the optimization process. An
objective function is created for optimizing the parameters of the fuzzy membership functions.
The values of the fuzzy membership function parameters are changed to new positions after

optimization.






3. PROPOSEDSYSTEM
The following fig 2 shows the flow diagram of proposed system. The automated prediction
system induces the crisp rule from the decision tree, which are evaluated for the vagueness

through the Fuzzy Inference System and predicts the presences of Coronary Heart Disease and

optimizes its prediction accuracy.

Induction of decision

Benchmark data tree and extract rules
@ Fuzzification using
) Fuzzy Inference
Extract attributes ———— Svstem

¥

Optimization of

fuzzy
memerbership Prediction of
function gy CHD

Fig 2. Flow diagram of Proposed System

3.1. METHODOLOGY
The fig 3 depicts the flow of the methodology of the proposed system as follows

3.1.1. Data Preprocessing

Data preprocessing is a data mining technique that involves transforming raw data
into an understandable format. Real-world data is often incomplete, inconsistent, and/or
lacking in certain behaviors or trends, and is likely to contain many errors. Data preprocessing
is a proven method of resolving such issues by preparing raw data for further processing and

effectively select the features for the diagnosis.



3.1.2. Classification

Decision tree builds classification or regression models in the form of a tree structure.
It breaks down a dataset into smaller and smaller subsets while at the same time an associated
decision tree is incrementally developed. From the attributes crisp rules are obtained by

employing CART decision tree algorithm, which are then applied to the fuzzy system.

Anributes

v

Data Preprocessing

U

Classification

i

Absohite IF THEN rules

U

Optimuzation

\

Prediction of CHD with its accuracy

Fig 3. Flow of the methodology of the proposed system

3.1.3. Absolute IF THEN rules

Fuzzy IF THEN rules are rules whose antecedents, consequences or both are fuzzy
rather than crisp. The benefit of having fuzzy antecedents is to provide a basis for an
interpolation mechanism. In this view a fuzzy rule is defined by means of a conjunction
rather than in terms of a multiple-valued logic implication. These crisp rules are fuzzified in

the fuzzy inference system through the triangular membership functions.



3.1.4. Optimization

Artificial Bee Colony Optimization (ABC) as an optimization tool provides a
population-based search procedure in which individuals called foods positions are modified
by the artificial bees with time and the bee’s aim is to discover the places of food sources
with high nectar amount and finally the one with the highest nectar. This technique is applied
for the optimization of the fuzzy membership functions where the parameters of the

membership functions are altered to new positions.

4.2. ARTIFICIAL BEE COLONY OPTIMIZATION (ABC)

The optimization process of the proposed system has been carried out by using Artificial
Bee Colony Optimization (ABC) that has been anticipated by Karaboga in 2005. ABC is
developed based on inspecting the behaviors of real bees on finding nectar and sharing the
information of food sources to the bees in the hive. It has been worn for solving
multidimensional and multimodal optimization problems. This algorithm contains three groups

of bees:

e The Employed Bee (50%): It stays on a food source and provides the neighborhood of
the source in its memory.

e The Onlooker Bee (50%): It gets the information of food sources from the employed
bees in the hive and select one of the food source to gathers the nectar.

e The Scout (5-10%): The employed bee whose food source has been exhausted becomes

a scout.

Scouts are the colony’s explorers. The number of employed bees is equal to the number
of food source and the food source position is equal to the possible solution to the problem. The
amounts of nectar of a food source are identical to the quality of the solution. If the fitness value
of new one is higher than that of the previous one, the bee forgets the old one and memorizes the
new position. This is called as greedy selection. Then the employed bee whose food source has

been exhausted becomes a scout bee to search for the further food sources once again



4.3. ABC ALGORITHM

In ABC, the solutions represent the food sources and the nectar quantity of the food
sources corresponds to the fitness of the associated solution. The number of the employed and
the onlooker bees is same, and this number is equal to the number of food sources. Employed
bees whose solutions cannot be improved through a predetermined number of trials, specified by
the user of the ABC algorithm and called limit, become scouts and their solutions are

abandoned.
The general scheme of the ABC algorithm is as follows:
® Bee Initialization Phase
® Set the Loop Employed Bee Phase
® Onlooker Bee Phase
® Scout Bee Phase
® Memorize the best solution found so far
® Until the loop is terminated

With these values, the velocities of the particles are calculated and thus the positions are
updated. The process continues until the maximum number of iterations is reached. The
optimization process takes place with the values of cognitive acceleration, social acceleration,
values of the velocities at the beginning and end of the optimization process. An objective
function is created for optimizing the parameters of the fuzzy membership functions. The values

of the fuzzy membership function parameters are changed to new positions after optimization.
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5. IMPLEMENTATION OF PREDICTION SYSTEM
The implementation was carried out in MATLAB 7. 11. 0.584. The CART decision tree
algorithm is implemented, followed by the fuzzy systems and the optimization algorithm. The
optimized membership functions predict the prevalence of coronary heart disease much
accurately than without optimization. The implementation of the decision tree algorithm, fuzzy

systems and the optimization algorithm are given below.

5. 1. Implementation of CART decision tree

From the dataset obtained, only the essential attributes as mentioned before are utilized in
the decision tree algorithm. With these attributes, crisp rules are generated along with the
decision tree from which the rules can be interpreted. Gini impurity index is the default splitting
criterion; the value should be at its maximum when a node is uniformly divided amongst all the
classes. Splitting is performed until the terminal nodes have extremely small number of cases.
The 14 attributes from the dataset are applied to the CART decision tree, the proportion of each
node is calculated using the Gini index and the tree is spitted accordingly.

Pruning of the nodes can be done if necessary to prune off the unwanted nodes from the
decision tree. The implementation is done in MATLAB; the built-in functions are available for
the generation of classification and regression trees. The obtained decision tree is easy to
interpret and understand; the rules generated are crisp and human-readable and can be applied to
the fuzzy system.

5.2. Implementation of Fuzzy System

The fuzzy logic toolbox available in MATLAB is utilized for generating the fuzzy
system. The membership functions for the attributes are initialized with the membership function
editor in the fuzzy editor. Triangular membership functions are employed since it is easy to
understand and widely accepted for many applications. The crisp rules from the decision tree are
included in the rule editor, which forms the fuzzy rule base. With the membership functions and
the rule base, the rule viewer in the fuzzy editor is used for displaying the output. The rule
viewer provides the defuzzified output, which is easy to interpret whether the patient is affected

with coronary heart disease or not.



5. 3. Implementation of Particle Swarm Optimization Algorithm

The parameters of the fuzzy system should be optimized in the Particle Swarm
optimization algorithm. The values of the triangular membership functions are adjusted to new
positions after optimization. An objective function is initialized first with these membership
function parameters, which has to be optimized. The details of the algorithm are given above,
where the particles are initialized first and the best positions of the particles are updated on every
iteration.

The objective function is optimized where the new values for the membership functions
are obtained. The triangular membership functions are moved either right or left, accordingly the
output in the rule viewer is changed to new values. With the optimized membership functions,
the fuzzy system provides a more optimized and accurate results. There may be changes in the
prediction results for some records which affects the performance of the system developed. The
prediction results are accurate than the unoptimized output.

5 4. Implementation of Artificial Bee Colony Optimization Algorithm

In the initialization phase, the control parameters are set, such as colony size, iteration
number (bee travel time), working to onlooker bee rate. In the next phase, the attributes is given
as an input to the prediction system a mean value is obtained by using nearest neighbor method.
Further when the working bees are initialized, the bee optimization loop is set. Then the random
node is assigned for the bee to start, and then by computing the probabilities. The bees will work
and draw the possible value to obtain the accuracy and will memorize the best solution found so
far using the greedy selection strategy. Finally the bees become scout bees and the number of
working bees is updated, that is the employed bee which is exhausted becomes the scout bee
again. The optimization loop is terminated when the numbers of iterations are completed and the
best result is obtained. The scout bees then again start to search for the new optimization value

by which best prediction accuracy can be obtained.
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6. RESULTS AND DISCUSSION

The output of the CART decision tree algorithm generates the decision tree along with
the rules. The rules are generated which is shown in fig. 3. The obtained rules also predict the
prevalence of coronary heart disease. 16 rules are obtained from the decision tree which is then
applied to the rule editor of the fuzzy system. Fig. 4 depicts the decision tree obtained from
which the rules can be easily interpreted where the leaf nodes display the outcome, whether the
patient is affected with coronary heart disease or the status is normal. The options available in
the fuzzy editor are utilized for generating the triangular membership functions, which are
widely used for many applications. Fig. 5 shows the membership function for the attributes
where the four fuzzy sets for low, medium, high and very high are depicted. Fig. 6 depicts the
mean values for the optimization where the four fuzzy sets are altered to new positions.
Similarly, for the other input membership functions optimization is done and the membership
functions are moved to new positions. The rule viewer in the fuzzy editor is used for displaying
the output. The rule viewer for one of the test data after optimization is shown in fig. 7. The
fuzzy rule viewer displays the input attribute values of the patients and the output value is the
defuzzified result. The output value before optimization shows no prevalence of coronary heart
disease, whereas after optimization, the value differs and shows the prevalence of coronary heart

disease with accuracy is shown in fig 8.
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7. COMPARISON OF PSO WITH ABC AND PERFORMANCE ANALYSIS

By comparing the Swarm Intelligent algorithm, the proposed algorithm has obtained the
best accuracy than the existing techniques. The PSO optimization technique that has been used in
the proposed system has the following disadvantages of weakness regarding local search, slow

convergence rate and may get trapped in local minima for hard optimization problems.

The following fig 4 provides the comparison of prediction accuracy obtained by both
optimization techniques. While the proposed algorithm of ABC has the advantages of having
strength in both local and global searches. PSO algorithm has obtained about 91.45 % of

accuracy while ABC has obtained 96.73% of prediction accuracy of CHD.

Heart Disease dataset

V

Optimization techiques

v

Artifical Bee Colony
optimization (ABC)

Partical Swarm Optimization (P50

g

Accuracy obtained

Fig 4. Comparison of PSO with ABC
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8. CONCLUSION

The accuracy of the proposed system is found to be good for Cleveland databases [27]
when compared to that of the existing work. Selection and application of only the essential
attributes greatly influences the performance of the system. With the prediction of coronary heart
disease, early treatment can be given at the right time which avoids the risk of heart attacks.
Since the diagnosis involves simple procedures and is easy to obtain the required results, the

proposed system is found to be efficient than the other existing systems.
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9. SCOPE FOR FUTURE ENHANCEMENT

However, the performance of the proposed work can be enhanced by including few
additional attributes and checked for accuracy. This should be done along with detailed survey
and doctors’ opinion. As for the proposed system, only benchmark databases have been used, in
future real-time databases can also be applied and checked for results. The optimization is
performed for the fuzzy system, however with other soft computing methodologies like neural

networks; this optimization technique could be applied in future.
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