
Hindawi Publishing Corporation
ISRN Biomathematics
Volume 2013, Article ID 342970, 11 pages
http://dx.doi.org/10.1155/2013/342970

Research Article

A Note on Hypertension Classification Scheme and
Soft Computing Decision Making System

Pankaj Srivastava,1 Amit Srivastava,2 Anjali Burande,3 and Amit Khandelwal2

1 Department of Mathematics, Motilal Nehru National Institute of Technology, Allahabad 211004, India
2Applied Mechanics Department, Motilal Nehru National Institute of Technology, Allahabad 211004, India
3Department of Mathematics, Dayanand College of Commerce, Latur 413512, India

Correspondence should be addressed to Pankaj Srivastava; pankajs23@redi
mail.com

Received 22 July 2013; Accepted 28 August 2013

Academic Editors: V. P. Emerenciano and J. R. C. Piqueira

Copyright © 2013 Pankaj Srivastava et al. �is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Nowadays young professionals are a so target of hypertension due to the increased work pressure and poor tolerance.Many people
have high blood pressure for years without knowing it. Most of the time, there are no symptoms, but when this condition goes
untreated it damages arteries and vital organs throughout the body and that is why it is also termed as the silent killer. Complications
arising from hypertension could lead to stroke and heart failure. So computing approach provides a sharper conclusion from
vague, ambiguous, and imprecise data (generally found in medical �eld) using linguistic variables. In this study, a so computing
diagnostic support system for the risk assessment of hypertension is proposed.

1. Introduction

A human body is a complex system and there are a number
of variables that a
ect its functioning. �e abnormality
in its functioning causes a number of symptoms in the
form of primary stages of di
erent diseases although the
recognition of these symptoms and their mapping with the
diseases precisely is not an easy one. Sometimes compications
in human body may be caused by improper diagnosis or
improper management of the disease or due to the inac-
cessibility of medical personnel [1]. �e quickening speed
of change and adoption of western lifestyles by people in
developing countries have led to a sharp rise in the incidence
of hypertension [2]. Hypertension is a medical term for high
blood pressure which is a condition that occurs when the
pressure in the arteries is above the normal range. According
to one of the studies “Recession has had an adverse impact
on jobs in India and perhaps this is one of the reasons why
cases of Hypertension have gone up in past two years among
young IT professionals”. Recent analysis has predicted that
more than 1.56 billon people will be living with hypertension
worldwide by the year 2025. It has been declared by a survey
report that one of four adults in India has high BP which

kills 7.5million people worldwide each year; moreover, AIDS,
diabetes, road accidents, and tuberculosis are put together. In
India 23.1% men and 22.6% women have high BP a notch
lower than the global prevalence of one in three adults says
the World Health statistics 2012 released, 16 May 2012. Jain
[3] established a decision making process phenomenon in
the presence of fuzzy variables. Poli et al. [4] developed a
neural network expert system for diagnosing and treating
hypertension. Degani [5] discussed computerized electrocar-
diogram diagnosis using fuzzy approach. Charbonnier et al.
[6] proposed the statistical and fuzzy models of ambulatory
systolic blood pressure for hypertension diagnosis. Jena et al.
[7] discussed the application of so computing in medical
science. Pandey et al. [8] proposed a rule based system
for cardiac analysis based on electrocardiography. Further,
Allahverdi et al. [9] proposed a fuzzy expert system for
the determination of coronary heart disease risk (CHD) of
patient for the next ten years. Nalayini and Wahidabanu
[10] were of the view that most of the cardiac diseases
are characterized by varied degrees of intricacy and the
conventional procedures are not capable of dealing with these
intricacies very e�ciently. Djam and Kimbi [1] developed a
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Table 1

Systolic BP in mmHg Diastolic BP in mmHg

Desirable 90–120 60–80

Above desirable 120–130 80–85

Moderate 130–140 85–90

Above moderate 140–150 90–95

Little high 150–160 95–100

High 160–170 100–110

Very high >168 >108
fuzzy expert system for the management of hypertension.
Recently, P. Srivastava and A. Srivastava [11] proposed a so
computing diagnostic system to evaluate the risk factor for
coronary heart disease (CHD). Srivastava and Sharma [12]
designed a so computing diagnostic system that classi�es
ECG beats in di
erent phases and enables us to identify
the status of cardiac health as per available ECG graphs.
�e present paper introduces a new so computing model
that measures risk factor on the basis of newly designed
algorithm; a number of cases have been discussed as per
available database.

2. Methodology

For complex systems, fuzzy tools are quite suitable because
of its tolerance to some imprecision. In the present study, the
inputs consist of age, systolic blood pressure (SBP), diastolic
blood pressure (DBP), bodymass index (BMI), heart rate, low
density lipoprotein (LDL), high density lipoprotein (HDL),
triglyceride, smoking, and exercise, while the output is the
risk grade of hypertension.

In order to design a user friendly informative system for
evaluating risk percentage of hypertension, we propose fuzzy
Algorithm 1.

2.1. Input Variables

2.1.1. Blood Pressure. In this �eldwe use systolic BP (SBP) and
diastolic BP (DBP).�e input variables for SBP andDBPwere
classi�ed into seven fuzzy sets (see Table 1).

Systolic Blood Pressure (SBP). Consider

�desirable =
{{{{{{{{{{{{{{{{{
1 � ≤ 90(� − 9015 )2 90 ≤ � < 1051 − (� − 10515 )2 105 ≤ � < 1200 � ≥ 120,

�above desirable =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 120� − 1203 120 < � ≤ 1231 123 < � ≤ 127130 − �3 127 < � ≤ 1300 � ≥ 130,

�moderate =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 130� − 1303 130 < � ≤ 1331 133 < � ≤ 137140 − �3 137 < � ≤ 1400 � ≥ 140,

�above moderate =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 140� − 1403 140 < � ≤ 1431 143 < � ≤ 147150 − �3 147 < � ≤ 1500 � ≥ 150,

�little high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 150� − 1503 150 < � ≤ 1531 153 < � ≤ 157160 − �3 157 < � ≤ 1600 � ≥ 160,

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 160� − 1603 160 < � ≤ 1631 163 < � ≤ 167170 − �3 167 < � < 1700 � ≥ 170,

�very high = {{{{{{{{{{{{{{{{{
0 � ≤ 168(� − 1686 )2 168 ≤ � < 1741 − (� − 1746 )2 174 ≤ � < 1801 � ≥ 180.

(1)

Diastolic Blood Pressure (DBP)

�normal = {{{{{{{{{{{{{{{
1 � ≤ 60(� − 6010 )2 60 ≤ � < 701 − (� − 7010 )2 70 ≤ � < 800 � ≥ 80,
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(I) Initial fuzzi�cation mechanism
BEGIN

(1) Input-Fuzzy system with suitable “�” parameters  �
(2) Initialize � ← 1

DOUNTIL (� > �)
Categorize �� fuzzy sets in�� linguistic variables
DOUNTIL (� > ��)

(1) Construction of suitable membership function ���
(2) Increment �

ENDDOUNTIL
Increment �
END

(II) Construction of Fuzzy Strings
BEGIN

(1) Input: “��” fuzzy sets in linguistic variables��; � = 1, 2, . . ., � and � = 1, 2, . . . , ��
(2) Input:� output parameters ��, � = 1, 2, . . . , �.
(3) Develop � = �1, �2, . . . , �� linguistic strings ��; � = 1, 2, . . . , �

using AND operation on each linguistic term��; � = 1, 2, . . . , ��
(4) Initialize � ← 1

DOUNTIL (� > �)
Increment �
ENDDOUNTIL
Increment �
END

(III) Output Evaluation
BEGIN

(1) Construct Utility matrix � of pxq order.
(2) Construct � utility fuzzy sets ��; � = 1, 2, . . . �

using � ⊕ � = � + � − �� for each �, � ∈ �
(3) Initialize � ← 1

DOUNTIL (� > �)
(4) Construct �maximizing sets �	�, � = 1, 2 . . . �

corresponding to each alternative.
(5) Develop � optimal fuzzy utility sets �
�, � = 1, 2 . . . �.

Each optimal fuzzy set �
� is obtained by fuzzy
intersection⋀ on fuzzy utility set and maximizing
set such that ���� (�) = ��� (�)⋂���� (�) = min(��� (�) , ���� (�))
for each utility value �.

(6) Take maximum membership value from each optimal utility fuzzy set.
(7) �e optimal alternative 
 with corresponding maximum

membership grades obtained in step 10 such as
 = {((max) ���� (�) , "�) : ⋁� ∈ �
�} for � = 1, 2 . . . �.
ENDDOUNTIL
Increment �
END

Algorithm 1

�above normal = {{{{{{{{{{{{{{{
0 � ≤ 80� − 802 80 < � ≤ 8285 − �3 82 < � ≤ 850 � ≥ 85, �moderate = {{{{{{{{{{{{{{{

0 � ≤ 85� − 852 85 < � ≤ 8790 − �3 87 < � ≤ 900 � ≥ 90,
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Table 2

Cholesterol (mg/dL)

LDL HDL

Normal ≤100
Very high ≤30

Above normal 100–130

Borderline high 130–160 High 30–50

High 160–190 Nearly normal 50–60

Very high ≥180 Normal ≥58

�above moderate =
{{{{{{{{{{{{{{{{{
0 � ≤ 90� − 902 90 < � ≤ 9295 − �3 92 < � ≤ 950 � ≥ 95,

�little high = {{{{{{{{{{{{{{{{{
0 � ≤ 95� − 952 95 < � ≤ 97100 − �3 97 < � ≤ 1000 � ≥ 100,

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 100� − 1005 100 < � ≤ 105110 − �5 105 < � ≤ 1100 � ≥ 110,

�very high = {{{{{{{{{{{{{{{{{
0 � ≤ 108(� − 1086 )2 108 ≤ � < 1141 − (� − 1146 )2 114 ≤ � < 1201 � ≥ 120.

(2)

2.1.2. Cholesterol. In this studywe have classi�ed total choles-
terol into low density lipoprotein (LDL) cholesterol and high
density lipoprotein (HDL). HDL cholesterol level has been
classi�ed into four fuzzy sets. LDL cholesterol level has been
classi�ed into �ve fuzzy sets.High levels of LDL are associated
with coronary artery disease, whereas high levels of HDL
appear to protect against coronary artery disease.�ese fuzzy
sets have been shown in Table 2.

Low Density Lipoprotein (LDL). Consider

�normal = {{{{{{{{{{{{{{{
1 � ≤ 50(� − 5025 )2 50 ≤ � < 751 − (� − 7525 )2 75 ≤ � < 1000 � ≥ 100,

�above normal =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 100� − 10010 100 < � ≤ 1101 110 ≤ � ≤ 120130 − �10 120 < � ≤ 1300 � ≥ 130,

�borderline high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 130� − 13010 130 < � ≤ 1401 140 ≤ � ≤ 150160 − �10 150 < � ≤ 1600 � ≥ 160,

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 160� − 16010 160 < � ≤ 1701 170 ≤ � ≤ 180190 − �10 180 < � ≤ 1900 � ≥ 190,

�very high = {{{{{{{{{{{{{{{
0 � ≤ 180(� − 19020 )2 180 ≤ � < 2001 − (� − 20020 )2 200 ≤ � < 2201 � ≥ 220.

(3)

High Density Lipoprotein (HDL). Consider

�very high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 0� − 010 0 < � ≤ 101 10 < � ≤ 2030 − �10 20 < � ≤ 300 � ≥ 30,



ISRN Biomathematics 5

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 30� − 305 30 < � ≤ 351 35 < � ≤ 4550 − �5 45 < � ≤ 500 � ≥ 50,

�nearly normal =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 50� − 503 50 < � ≤ 531 53 < � ≤ 5760 − �3 57 < � ≤ 600 � ≥ 60,

�normal = {{{{{{{{{{{{{{{
0 � ≤ 58(� − 587 )2 58 ≤ � < 651 − (� − 655 )2 65 ≤ � < 701 � ≥ 70.

(4)

2.1.3. Age. �is input �eld is classi�ed into six fuzzy sets. �e
fuzzy sets with their range are shown in Table 3. Consider

�young = {{{{{{{{{{{{{{{
1 � ≤ 0(� − 015 )2 0 ≤ � < 151 − (� − 1515 )2 15 ≤ � < 300 � ≥ 30,

�adult =
{{{{{{{{{{{{{{{{{{{
0 � < 25� − 255 25 ≤ � ≤ 301 30 ≤ � ≤ 4048 − �8 40 ≤ � ≤ 480 � ≥ 48,

�mid aged =
{{{{{{{{{{{{{{{{{{{
0 � < 45� − 455 45 ≤ � ≤ 501 50 ≤ � ≤ 5660 − �4 56 ≤ � ≤ 600 � ≥ 60,

�aged =
{{{{{{{{{{{{{{{{{{{
0 � < 58� − 584 58 ≤ � ≤ 621 62 ≤ � ≤ 6672 − �6 66 ≤ � ≤ 720 � ≥ 72,

Table 3

Age (in years)

Young <30
Adult 25–48

Midaged 45–60

Aged 58–72

Old 70–86

Very old >80
Table 4

Body mass index (kg/m2)

Low (underweight) 10–18

Medium (normal weight) 15–26

Above medium (overweight) 25–34

High (obese) 32–40

Very high (severe obese) 38–46

Very very high (super obese) 44–50

�old =
{{{{{{{{{{{{{{{{{{{
0 � < 70� − 704 70 ≤ � ≤ 741 74 ≤ � ≤ 7886 − �8 78 ≤ � ≤ 860 � ≥ 86,

�very old = {{{{{{{{{{{{{{{
0 � ≤ 80(� − 807 )2 80 ≤ � < 871 − (� − 878 )2 87 ≤ � < 951 � ≥ 95.

(5)

2.1.4. BMI. Body mass index is de�ned as the individual’s
body weight divided by square of his or her height.�is input
�eld is classi�ed into four fuzzy sets.�e fuzzy sets with their
range are shown in Table 4. Consider

�low = {{{{{{{{{{{{{{{
1 � ≤ 10(� − 104 )2 10 ≤ � < 141 − (� − 144 )2 14 ≤ � < 180 � ≥ 18,

�medium =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 15� − 153 15 < � ≤ 181 18 < � ≤ 2426 − �2 24 < � ≤ 260 � ≥ 26,
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Table 5

Heart rate (beats/min)

Low 50–65

Normal 60–80

High 78–110

Very high 105–125

�above medium =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 25� − 252 25 < � ≤ 271 27 < � ≤ 3034 − �4 30 < � ≤ 340 � ≥ 34,

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 32� − 322 32 < � ≤ 341 34 < � ≤ 3840 − �2 38 < � ≤ 400 � ≥ 40,

�very high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 38� − 382 38 < � ≤ 401 40 < � ≤ 4446 − �2 44 < � ≤ 460 � ≥ 46,

�very very high = {{{{{{{{{{{{{{{
0 � ≤ 44(� − 443 )2 44 ≤ � < 471 − (� − 473 )2 47 ≤ � < 501 � ≥ 50.

(6)

2.1.5. Heart Rate. �is input �eld is classi�ed into four
linguistic variables.�e fuzzy sets with their range are shown
in Table 5. Consider

�low = {{{{{{{{{{{{{{{
1 � ≤ 50(� − 506 )2 50 ≤ � < 561 − (� − 569 )2 56 ≤ � < 650 � ≥ 65,

Table 6

Triglyceride (mg/dL)

Normal <150
A little bit high 150–200

High 200–500

Very high ≥500

�normal =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 60� − 6010 60 < � ≤ 701 70 < � ≤ 7580 − �5 75 < � ≤ 800 � ≥ 80,

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 78� − 7812 78 < � ≤ 901 90 < � ≤ 100110 − �10 100 < � ≤ 1100 � ≥ 110,

�very high = {{{{{{{{{{{{{{{
0 � ≤ 105(� − 10510 )2 105 ≤ � < 1151 − (� − 11510 )2 115 ≤ � < 1251 � ≥ 125.

(7)

2.1.6. Triglyceride. Triglycerides have been identi�ed to play a
major role in heart disease and hypertension.�is input �eld
is classi�ed into four fuzzy sets.�e fuzzy setswith their range
are shown in Table 6. Consider

�normal = {{{{{{{{{{{{{{{
1 � ≤ 0(� − 7575 )2 0 ≤ � < 751 − (� − 7575 )2 75 ≤ � < 1500 � ≥ 150,

�a little bit high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 150� − 15015 150 < � ≤ 1651 165 ≤ � ≤ 185200 − �15 185 < � ≤ 2000 � ≥ 200,



ISRN Biomathematics 7

Table 7

Exercise (in Min)

Low e
ective 5–30

medium e
ective 30–60

High e
ective 60–100

Very high e
ective 90–120

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 200� − 200100 200 < � ≤ 3001 300 ≤ � ≤ 400500 − �100 400 < � ≤ 5000 � ≥ 500,

�very high = {{{{{{{{{{{{{{{
0 � ≤ 500(� − 500100 )2 500 ≤ � < 6001 − (� − 600100 )2 600 ≤ � < 7001 � ≥ 700.

(8)

2.1.7. Physical Exercise. �is input �eld is classi�ed into four
fuzzy sets. �e fuzzy sets with their range are shown in
Table 7. If a person is not doing exercise, then input value is
zero. Consider

�low = {{{{{{{{{{{{{{{
1 � ≤ 5(� − 512 )2 5 ≤ � < 171 − (� − 1713 )2 17 ≤ � < 300 � ≥ 30,

�medium =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 30� − 3010 30 < � ≤ 401 40 ≤ � ≤ 5060 − �10 50 < � ≤ 600 � ≥ 60,

�high =
{{{{{{{{{{{{{{{{{{{
0 � ≤ 60� − 6010 60 < � ≤ 701 70 ≤ � ≤ 90100 − �10 90 < � ≤ 1000 � ≥ 100,

Table 8

Smoking (per day)

Low smoker 5–10 cigarettes

Medium smoker 8–20 cigarettes

High smoker 18–30 cigarettes

Very high smoker 28–35 cigarettes

�very high = {{{{{{{{{{{{{{{
0 � ≤ 90(� − 9015 )2 90 ≤ � < 1051 − (� − 10515 )2 105 ≤ � < 1201 � ≥ 120.

(9)

2.1.8. Smoking. �is input �eld is classi�ed into four fuzzy
sets. �e fuzzy sets with their range are shown in Table 8. If
person is not smoking, then input value is zero. Consider

�low = {{{{{{{{{{{{{{{
1 � ≤ 5(� − 52 )2 5 ≤ � < 71 − (� − 73 )2 7 ≤ � < 100 � ≥ 10,

�medium = {{{{{{{{{{{{{
0 � ≤ 8� − 86 8 < � ≤ 1420 − �6 14 < � ≤ 200 � ≥ 20,

�high = {{{{{{{{{{{{{
0 � ≤ 18� − 186 18 < � ≤ 2430 − �6 24 < � ≤ 300 � ≥ 30,

�very high = {{{{{{{{{{{{{{{
0 � ≤ 28(� − 284 )2 28 ≤ � < 321 − (� − 323 )2 32 ≤ � < 351 � ≥ 35.

(10)

2.2. Output Variable. �e output contains risk grade of
hypertension which is classi�ed in �ve linguistic variables,
very low, low, moderate, high, and very high. �e output
optimal alternatives indicate patient’s present grade of hyper-
tension. �ese optimal alternatives have been graphically
shown in the form of Sugeno’s spikes.
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3. Result

Nowwe have developed various linguistic strings to represent
the state of the patient using the input variables such as age,
LDL, HDL, SBP, DBP, triglyceride, BMI, HR, exercise, and
smoking. Some of the linguistic strings are given as follows.

J1 = YoungAgeNormalLDLNormalHDLDesirableSBP
DesirableDBPNormalTriglyceride MBMINormalHR

NoExcerciseNoSmoking

J2 = YoungAgeNormalLDLNormalHDLDesirableSBP
DesirableDBPNormalTriglyceride MBMINormalHR

LowExcerciseLowSmoking

J3 = YoungAgeNormalLDLNormalHDL DesirableSBP
DesirableDBPNormalTriglyceride MBMINormalHR

MediumExcerciseLowSmoking

J400 = YoungAgeNormalLDLNormalHDLNormalSBP
NormalDBPNormalTriglycerideAMBMI NormalHR

MediumExcerciseLowSmoking

J401 = YoungAgeNormalLDLNormalHDLDesirableSBP
DesirableDBPNormalTriglycerideAMBMI HighHR

MediumExcerciseMedSmoking

J2500 = AdultAgeNormalLDLNormalHDLDesirableSBP
ADesirableDBPNormalTriglycerideMBMI NormalHR

NoExcerciseNoSmoking

J6500 = AdultAgeHighLDLHighHDLDesirableSBP Mode-
rateDBPNormalTriglyceride AMBMIHighHRLowExcercise

LowSmoking

J10001 = AdultAgeHighLDLHighHDLDesirableSBP Mo-
derateDBPNormalTriglycerideAMBMI HighHRLowExcercise

MediumSmoking

J17009 = MidagedAgeNormalLDLNormalHDL De-
sirableSBPDesirableDBPNormalTriglycerideMBMI Nor-
malHRNoExcerciseNoSmoking

J17010 = MidagedAgeNormalLDLNormalHDL Desir-
ableSBPDesirableDBPNormalTriglycerideMBMI HighHR

NoExcerciseLowSmoking

J200080 = AgedAgeNormalLDLNormalHDLDesirableSBP
ADesirableDBPNormalTriglycerideMBMI NormalHR

NoExcerciseNoSmoking

J405001 = AgedAgeHighLDLHighHDLModerateSBP Mod-
erateDBPNormalTriglycerideVHBMI VHHRLowExcercise

MediumSmoking

J966080 = AgedAgeVeryHighLDLNVeryhighHDL

VeryhighSBPVeryhighDBPVeryhighTriglycerideVHBMI

NormalHRLowExcercisehighSmoking

J1200200 = OldAgeHighLDLNormalHDL AboveDesira-
bleSBPModerateDBPNormalTriglyceride AMBMI Nor-
malHRLowExcercise NoSmoking

J2344569 = OldAgeVeryHighLDLNVeryhighHDL Ver-
yhighSBPhighDBPVeryhighTriglyceride AMBMIHighHR

NoExcerciseVery highSmoking

J5676880 = VeryOldAgeVeryhighLDLNormalHDL Mod-
erateSBPADesirableDBPNormalTriglyceride AMBMINor-
malHRLowExcercise LowSmoking

J7566780 = VeryoldAgeHighLDLHighHDL VeryhighSBP
VeryhighDBPVeryhighTriglyceride HighBMIVHHR

NoExcerciseVeryhighSmoking

J8545200 = VeryoldAgeVeryHighLDLVeryhighHDL

VeryhighSBPHighDBPV.highTriglyceride VHBMIHighHR

NoExcercisehighSmoking

J9031678 = VeryoldAgeVeryHighLDLVeryhighHDL

VeryhighSBPVeryhighDBPVeryhighTriglyceride VHBMI

VHHRLowExcerciseVery highSmoking

J9031680 = VeryoldAgeVeryHighLDLVeryhighHDL

VeryhighSBPVeryhighDBPVeryhighTriglyceride
MVVHBMIVHHRNoExcerciseVery highSmoking.

On the basis of our proposed technique to investigate the
health status of a personwhosemedical data is available, three
di
erent cases have been discussed as follows.

Case 1. �e input variables of �rst patient are

(1) Age = {(0, young), (0.8, adult), (0,midaged), (0, aged),
(0, old), (0, very old)}.

(2) LDL = {(0.71, normal), (0, above normal), (0, border-
line high), (0, high), (0, very high)}.
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(3) HDL = {(0, very high), (0, high), (0, nearly normal),
(1, normal)}.

(4) SBP = {(0, desirable), (0.8, above desirable), (0, mod-
erate), (0, above moderate), (0, little high), (0, high),
(0, very high)}.

(5) DBP = {(0, desirable), (1, above desirable), (0, moder-
ate), (0, above moderate), (0, little high), (0, high), (0,
very high)}.

(6) Triglyceride = {(0.72, normal), (0, a little bit high), (0,
high), (0, very high)}.

(7) BMI = {(0, low), (0.99, medium), (0, above medium),
(0, high), (0, very high), (0, very very high)}.

(8) HR = {(0, low), (0.86, normal), (0, high), (0, very
high)}.

(9) Exercise = {(1, low), (0, medium), (0, high), (0, very
high)}.

(10) Smoking = {(1, low), (0, medium), (0, high), (0, very
high)}.

�is is the fuzzy set which represents the state of con-
cerned patient:� = {(0.71, ��,,,��,��,,	,,�,�)} . (11)

�e utility matrix � of order 5� 9031680 by using the
fuzzy rule base designed is as follows:

� = (98 95 ⋅ ⋅ ⋅ 10 ⋅ ⋅ ⋅ 10 ⋅ ⋅ ⋅ 0568 80 ⋅ ⋅ ⋅ 20 ⋅ ⋅ ⋅ 30 ⋅ ⋅ ⋅ 1030 25 ⋅ ⋅ ⋅ 45 ⋅ ⋅ ⋅ 62 ⋅ ⋅ ⋅ 4020 20 ⋅ ⋅ ⋅ 92 ⋅ ⋅ ⋅ 90 ⋅ ⋅ ⋅ 8610 10 ⋅ ⋅ ⋅ 55 ⋅ ⋅ ⋅ 20 ⋅ ⋅ ⋅ 95) . (12)

�e �ve fuzzy utilities are

(1) �1 = {(0.71, 98)},
(2) �2 = {(0.71, 68)},
(3) �3 = {(0.71, 30)},
(4) �4 = {(0.71, 20)},
(5) �5 = {(0.71, 10)}.
�e maximum sets corresponding to each alternative are

(1) �1m = {(1, 98)},
(2) �2m = {(0.69, 68)},
(3) �3m = {(0.30, 30)},
(4) �4m = {(0.20, 20)},
(5) �5m = {(0.10, 10)}.
Now, the optimal fuzzy utilities using fuzzy utilities and

maximizing sets are

(1) �1o = {(0.71, 98)},
(2) �2o = {(0.69, 68)},
(3) �3o = {(0.30, 30)},
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Figure 1: View of Sugeno’s spikes.

(4) �4o = {(0.20, 20)},
(5) �5o = {(0.10, 10)}.
Using these utilities, the optimal alternatives are given by� = {(0.71, very low) , (0.69, low) , (0.30,moderate) ,(0.20, high) , and (0.10, very high)} . (13)

�is optimal alternative indicates that the patient
presently is in very low grade of hypertension. �e optimal
alternatives have been graphically shown in Figure 1 in the
form of Sugeno’s spikes.

Case 2. �e input variables of the second patient are as
follows.

(1) Age = {(0, young), (0, adult), (1, midaged), (0, aged),
(0, old), (0, very old)}.

(2) LDL = {(1, normal), (0, above normal), (0, borderline
high), (0, high), (0, very high)}.

(3) HDL= {(0, very high), (0.6, high), (0, nearly normal),
(0, normal)}.

(4) SBP = {(0, desirable), (0.8, above desirable), (0, mod-
erate), (0, above moderate), (0, little high), (0, high),
(0, very high)}.

(5) DBP = {(0, desirable), (0.66, above desirable), (0,
moderate), (0, above moderate), (0, little high), (0,
high), (0, very high)}.

(6) Triglyceride = {(0.66, normal), (0, a little bit high), (0,
high), (0, very high)}.

(7) BMI = {(0, low), (0, medium), (0.86, above medium),
(0, high), (0, very high), (0, very very high)}.

(8) HR = {(0, low), (0.76, normal), (0, high), (0, very
high)}.

(9) Exercise = {(0, low), (0.79, medium), (0, high), (0,
very high)}.

(10) Smoking = {(1, low), (0, medium), (0, high), (0, very
high)}.

�is is the fuzzy set which represents the state of con-
cerned patient:� = {(0.6, �	�,,�,��,��,,�	,,	,�)} . (14)
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Figure 2: View of Sugeno’s spikes.

�e utility matrix is the same as in Case 1.
�e �ve fuzzy utilities are

(1) �1 = {(0.6, 55)},
(2) �2 = {(0.6, 92)},
(3) �3 = {(0.6, 40)},
(4) �4 = {(0.6, 24)},
(5) �5 = {(0.6, 10)}.
�e maximum sets corresponding to each alternative are

(1) �1m = {(0.59, 55)},
(2) �2m = {(1, 92)},
(3) �3m = {(0.43, 35)},
(4) �4m = {(0.26, 24)},
(5) �5m = {(0.10, 10)}.
Now, the optimal fuzzy utilities using fuzzy utilities and

maximizing sets are

(1) �1o = {(0.59, 55)},
(2) �2o = {(0.6, 92)},
(3) �3o = {(0.43, 35)},
(4) �4o = {(0.26, 24)},
(5) �5o = {(0.10, 10)}.
Using these utilities, the optimal alternatives are given by� = {(0.59, very low) , (0.60, low) , (0.43,moderate) ,(0.26, high) , and (0.10, very high)} . (15)

�is optimal alternative indicates that the patient
presently is in low grade of hypertension. �e optimal
alternatives have been graphically shown in Figure 2 in the
form of Sugeno’s spikes.

Case 3. �e input variables of the third patient are as follows.

(1) Age = {(0, young), (0, adult), (0, midaged), (0, aged),
(0.75, old), (0, very old)}.

(2) LDL = {(0, normal), (0, above normal), (0, borderline
high), (0.8, high), (0, very high)}.

(3) HDL = {(0, very high), (1, high), (0, nearly normal),
(0, normal)}.

(4) SBP = {(0, desirable), (0, above desirable), (0.8, mod-
erate), (0, above moderate), (0, little high), (0, high),
(0, very high)}.

(5) DBP = {(0, desirable), (1, above desirable), (0, moder-
ate), (0, above moderate), (0, little high), (0, high), (0,
very high)}.

(6) Triglyceride = {(1, normal), (0.66, a little bit high), (0,
high), (0, very high)}.

(7) BMI = {(0, low), (0, medium), (0, above medium),
(0.78, high), (0, very high), (0, very very high)}.

(8) HR = {(0, low), (0, normal), (0.96, high), (0, very
high)}.

(9) Exercise = {(0, low), (1, medium), (0, high), (0, very
high)}.

(10) Smoking = {(1, low), (0, medium), (0, high), (0, very
high)}.

�is is the fuzzy set which represents the state of con-
cerned patient:� = {(0.66, �
,�,�,	,��,��,�,�,	,�)} . (16)

�e utility matrix � is the same as in Case 1.
�e �ve fuzzy utilities are

(1) �1 = {(0.66, 15)},
(2) �2 = {(0.66, 30)},
(3) �3 = {(0.66, 45)},
(4) �4 = {(0.66, 80)},
(5) �5 = {(0.66, 50)}.
�e maximum sets corresponding to each alternative are

(1) �1m = {(0.187, 15)},
(2) �2m = {(0.375, 30)},
(3) �3m = {(0.562, 45)},
(4) �4m = {(1, 80)},
(5) �5m = {(0.62, 50)}.
Now, the optimal fuzzy utilities using fuzzy utilities and

maximizing sets are

(1) �1o = {(0.187, 15)},
(2) �2o = {(0.375, 30)},
(3) �3o = {(0.562, 45)},
(4) �4o = {(0.66, 80)},
(5) �5o = {(0.62, 50)}.
Using these utilities, the optimal alternatives are given by� = {(0.187, very low) , (0.375, low) , (0.562,moderate) ,(0.66, high) , and (0.62, very high)} .

(17)
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Figure 3: View of Sugeno’s spikes.

�is optimal alternative indicates that the patient is
presently in high grade of hypertension.

�e optimal alternatives have been graphically shown in
the form of Sugeno’s spikes in Figure 3.

4. Conclusion

�e present research paper con�rms that the so computing
diagnostic system can represent the expert’s thinking in an
e�cient manner to handle complex cases. �e design and
development of so computing risk assessment system on the
basis of the proposed technique will assist medical experts to
measure grade classi�cation of hypertension e�ciently.
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