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Abstract. Marks of the students in different subject are aggted with respect to weights
of the subjects. Weight of a subject indicates tlative importance of the subject.
A 1 —fuzzy measure is evaluated to obtain the index. @oing indices we rank the
students. The SCILAB programming is used to cateufiazzy integral.
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1. Introduction

The fuzzy set theory was introduced by Zadeh in5li@6his paper ‘Fuzzy Sets’ [1]. In
classical set theory crisp sets are defined byadaristic values either zero or one. But
in Fuzzy set theory, these functions are replagethémbership functions [5]. Crisp set
only give the quantitative information while thezhy set gives the qualitative
information of data under consideration. Here trannfocus is on the attribute of the
data.

Fuzzy systems are found to be useful in dealiny thie uncertainties and vague
concepts. Sometimes decisions are to be made whertbere is insufficient or
ambiguous information. In such situations fuzzyteys can be helpful to make good
decisions [9-13].

The measure and integral w.r.t. measure are imtoctancepts in Mathematics.
The fuzzy measures which are non-additivehave bdssduced by Sugeno in 1974 [8].
These non-additive measures and integrals generthle traditional probability theory.
Further it is observed that the fuzzy integral miedderived from non-additive fuzzy
measures have convincing advantage in decisiomtlasoan aggregation operator [4].

The present paper gives the applicatiol effuzzy measure and Choquet integral to
rank the student in admission process and als® ginveecomparison between Sugeno and
Choquet integral. Here SCILAB programme is usedalzulated —fuzzy measure and
Choquet integral.
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2. Basic terminology
Fuzzy Measure: A fuzzy measurgion © is a functionu: 2 — [0,1] satisfying the
following axioms

Lu(p)=0,u@®) =1 (Boundary Condition)

2.6, €0, = u(6,) < ud,) (Monotonicity)
The main characteristic of fuzzy measure is nontaitgt, so fuzzy measures are also
called as non-additive measure [2].

Sugeno’sA —fuzzy measure:Let 1 € (—1, ). A normalized set functiog; defined on
29 is called asl —fuzzy measure o8 if for every pair of disjoint subsetand 6, of ®
we have

92(61 U 63) = 9;(61) + ga(02) + 2 ga(61). 92(62)
Obviously i1 =0, then aA-fuzzy measure is a normalized additive measuee, i.
probability measure. A Dirac measure id-fuzzy measure for all > —1. This is the
monotone measure [3]. By following theorem the peeted is calculated.

Theorem 2.1.1.Let © be the finite se® = {¢;, &,, ..., &,} and 29 be the class of all
subsets 00, the fuzzy measurg, (0) = g1({&1, &2, -.., €,}) can be formulated as

91({er, &2, en}) = 3 [Tl + 2 g2({er)] — 1] wherel € (~1, )

As g;({&q, &2, .., €1}) = 1 the formula becomést 1 = [[i-,[1 + 1 ga({&; D]

Here the value of has three cases.
i)Y, 92({e}) >9,(0)then —1 <A< 0 (A— measure is subadditive).
i If ¥, 9:({&}) =9,(0)thend =0 (A — measure is additive).
i) If
Y 92({&}) <g,(0)thend > 0 (A — measure is superadditive)[3].

Choquet Integral: Letf be a nonnegative measurable function(®y$8). The Choquet
integral of f with respect tag, is denoted by, (f) = XL (f (&) — f(&i-1)) 92(6)
where

0; = {&i, €41, > &n}, f(g0) = 0 and (&, &, ..., &) is a numbering of the elements of ©
satisfying the condition the(e;) < f(&;) ... < f(&pn)-

Sugeno integral: Let g; be a normalized fuzzy measure ®randf be a function on

(0,8) with range{ f(e1), f(&2) ..., f(e,)} where0 < f(g) < f(&) .. < f(g) < 1.
The Sugeno integraB, (f) with respect to measurg, is defined as &, (f) =

iealf(e) A ga(6))], whered; = {g;, €41, ..., En}.

Aggregation of data by using fuzzy integral:Information fusion is a broad area that
studies methods to combine data or information keghpby multiple sources.
Aggregation is one of such process which is useathta analysis to obtain a single value
from a set of values [3,4,6]. For this purpose filezy integrals like Choquet integral,
Sugeno integral etc. can be used as aggregatioatoe[9]. In decision theory we have
to obtain aggregation of the preference valuesitisfaction degrees.

Common aggregation operators like arithmetic meaighted mean, median,
mode etc. have some drawbacks because they onlgssxine quantitative approach. But
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to express the qualitative approach like relatietween criteria, decision making etc. we
need fuzzy integrals [7]. These integrals helpusidn of information and data mining
effectively. Here we only consider the Choquet gné and Sugeno integral which are
discussed in 2.3 and 2.4.

Let ® be the finite se® = {¢;,¢,,...,&,} and 2® be the class of all subsets of
0.Considerg,: 29 — [0,1] andf:® — R. Here g, indicates relative importance of the
elements ther€,, (f) and &4, (f) are the aggregation of functional valuesfofvith

respect to fuzzy measugg.

3. SCILAB program to calculate Choquet and Sugeno intgral

SCILAB is free software. It is helpful to solve amyathematical problem. Here we
created a SCILAB program to calculate Choquet ande8o integral. It is helped in
computing very complicated problems.

3.1.Algorithm to find g, measure

Start

Input the value ofy, ({¢;}).

Find the polynomial ik by using the value gf, ({¢;}).

Find the roots of the polynomialin

If 2 € (—1, ) then proceed else stop.

Let A € (—1,).If 2 = 0 then print additive measure and stop else cakyjat
for all various combinations.

7. Stop.

oOgarwWNE

Example: Let 6 ={e, &5, 63,6}, ga({e:}) =011, ga({e2}) = 0.07, g ({es}) =
0.03, g,({e4}) = 0.05. And the evaluation scores die;) = 0.1, f(e;) = 0.2, f(&3) =
0.2, f(&4) = 0.3. Here we have to calculate Choquet integral argéSao integral.

For this we consider the SCILAB programing ancbiiput:

-->// To find the lambda measure//
-->// here all A(1,j),1<=j<=4 are f(i)for 1<=i<=4//
-->A=[0.1 0.2 0.2 0.3;0.11 0.07 0.03 0.05]
A =

01 02 02 03

0.11 0.07 0.03 0.05
->c(1)=A(2,1);c(2)=A(2,2);c(3)=A(2,3);c(4)=A(2,4)these are lambda measures which

are given//

-->x=poly(0,'x")

X =

X

-->p= (c(1)*x+1)*(c(2)*x+1)*(c(3)*x+1)*(c(4)*x+1)-x-1
p =

2 3 4

- 0.74x + 0.0236x + 0.000886x + 0.0000116x
-->lambda=roots(p)
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lambda =
0
17.404142
- 47.05705 + 38.300122i
- 47.05705 - 38.300122i
-->|=17.404142 // here take lambda=I, we choose\hlue because this value lies in
between -1 to infinity//
| =
17.404142
-->n=4;
-->s=1;
-->/[ lambda measure is p for all criteria//
-->for i=1:1:n
> s=s*(1+l*c(i));
-->end
-~->p=(1/1)*(s-1);
-->disp(p)
1.0000000
-->// lambda measure only for two criteria//
-->for i=1:1:n-1
-->for j=i+1:1:n
> f=1;
->  f=f(1+1*c(i))*(1+1*c()));
~->g(i,))=(1)*(-1);
-->disp(g(i.}))
-->end
-->end
0.3140119
0.1974337
0.2557228
0.1365487
0.1809145
0.1061062
-->// lambda measure only for three criteria//
-->for i=1:1:n-2
-->for j=i+1:1:n-1
-->for k=j+1:1:n
-> f=1;
=-> f=P(LHe(i)*(1+*c () *(1+1*c(K));
~->9(1,),K)=(1/1)*(f-1);
-->end
-->end
-->end

-->disp(9(1,2,3)),disp(g(1,2,4)),disp(g(1,3,4))
0.5079651
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0.6372673
0.4192418

-->disp(g(2,3,4))

0.3053743
-->// Choquet integration is Cl and Sugeno intégrais Sl//
-->CI=A(1,1)*p+(A(1,2)-A(1,1))*g(2,3,4)+(A(1,3)-A(12))*g(3,4)+(A(1,4)-A(1,3))*c(4)
Cl =0.1355374

-->Sl=max(min(A(1,1),p),min(A(1,2),0(2,3,4)),min(A3),9(3,4)),min(A(1,4),c(4)))
Sl =0.2

Table 1: The Interdependencies measures which are obtain@@liLAB Programming

A- gr{en, &2 ga({er, &3}) gr({er, €43) gr{ez, e31) gr({ez, &4})
measur

e

Value 0.314011 0.197433 0.255722 0.136548 0.180914

A- gr{er, &3] gal{er, &2, 831 gal{er, &2, €43) 9al{er, €3, 64})| gr({ez €3, €4}
measur

e

Value 0.106106. 0.507965 0.637267. 0.419241 0.305374.

By SCILAB programming we get all themeasures in table 1 and the Choquet integral
=0.1355374 and the Sugeno integral = 0.2.

4. Case study

In admission process to any stream it is diffit¢altank the student because the seats are
limited. Normally the admissions are given on tlasib of performance of student in
previous examination or on the basis of entranse But it could not give proper justice
to student because intelligence quotient, subjekinly, responsibility etc. varies student
to student and subject to subject. Fuzzy measurésréegrals are appropriate tools to
collect the information.

4.1.Ranking according to fuzzy integral
To decide the rank of student for admission to MiBdMathematics, we use Choquet
integral. Here, the students of Third year B.$e.evaluated according to their marks in
Algebra, Analysis, Differential Equation, Complexalysis, Numerical Analysis and
practical examination.

Here, the departmental committee gives the equpbitance to algebra and
analysis and less importance to all other subjé&xssider the grades of importance i.e.
A- measure of the different subjects.

ga(x1) = ga({Algebra}) = 0.8

109



C.G.Magadunand M.S.Bapat

ga(x2) = ga({Analysis}) = 0.8

g (x3) = g)({Differential Equation}) = 0.5

g21(x4) = gr({Complex Analysis}) = 0.7

g, (x5) = g1 ({Numerical Analysis}) = 0.5

g, (X¢) = gy ({Practical}) = 0.4
Let{]J1,]5, .-, J10} be the set of 10 students. The marks of the diffesubjectsof each
student in a scale 0 to 50 are given in table 2.

Table 2: Subject wise students marks

X1 X2 X3 X4 X5 X6
Subjects
> Algebre Analysis Differential Complex Numerical Practica
Equation Analysis  Analysis
Students
U
J1 45 40 48 45 30 4C
J, 49 40 41 47 49 45
J3 48 48 49 50 46 49
Ja 42 44 46 48 43 48
Js 35 37 38 40 49 49
Je 48 48 48 48 49 49
J7 48 50 35 40 43 43
Jg 38 38 40 48 48 49
Jo 45 46 30 33 30 45
J10 43 44 41 34 42 47

By using SCILAB programming Sugendlsmeasure is computed. Here we get sixth
degree equation as

2.0 +5.631 72 + 45071 3 + 2.00124 4 + 0.46724 ~5 + 0.04481 "6 =0 (1)

Solving this equation we get six roots as {0 ,98.8665 ,- 1.2942895 + 1.7393075i,
- 1.2942895 - 1.7393075i ,- 3.420918 + 1.06907653.420918 - 1.0690765i }. Among
these four roots are complex, we reject these rdtitss the roots 0 and - 0.9981565 are
only under consideration. = 0 then the measure is additive measure. Hence we onl
takel = — 0.9981565. As there are six subjects, it is necessary tondef® = 64
subsets of subjects.We havemeasure for six sets as mentioned earlier. Again,
measure for empty set is zero ancheasure for whole set is 1.

By using SCILAB programming welatdate the other values and also
calculate the Choquet integral for each studemamd them. All possibld-measure are
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given in the table 3 and aggregate values by uSimgguet integration are mentioned in
table 4.

Table 3: The Interdependencies measures among two or mbjects

Between two A-measure Among three A-measure
subjects subjects
X1,Xo 0.961179 X2,X4,X5 0.971383
X1,X3 0.900737. X9,X4,Xg 0.965313
X1,X4 0.941032. X5,Xs5,Xg 0.941106
X1,X5 0.900737. X3,X4,X5 0.926106
X1,Xg 0.880589 X3,X4,Xg 0.911014
X,X3 0.900737. X3,X5,Xg 0.8508299
X5,X4 0.941032 X4,X5,Xg 0.9110144
X5,X5 0.900737: Among four A-measure
subjects
X2,Xg 0.880589 X1,X2,X3,X4 0.995709
X3,X4 0.850645 X1,X2,X3,X5 0.991642
X3,X5 0.750460 X1,X2,X3,Xg 0.989609.
X3,Xg 0.700368 X1,X2,X4,X5 0.995709.
X4, X5 0.850645 X1,X2,X4,Xg 0.994486.
X4,Xg 0.820516 X1,X2,X5,Xg 0.989609.
X5,Xg 0.700368 X1,X3,X4,X5 0.986587.
Among three A-measure X1,X3,X4,X6 0.983546
subjects
Xq,X5,X3 0.981475 X1,X3,X5,Xg 0.971420
X1,X2,X4 0.989594 X1,X4,X5,Xg 0.983546
Xq1,X2,X5 0.981475 X2,X3,X4,X5 0.986587.
X1,X2,Xg 0.977416 X5,X3,X4,Xg 0.983546.
X1,X3,X4 0.971383 X5,X3,X5,Xg 0.971420
X1,X3,X5 0.951199 X2,X4,X5,Xg 0.983546
X1,X3,Xg 0.941106 X3,X4,X5, Xg 0.956346
X1,X4,X5 0.971383 Among five A-measure
subjects
X1,X4.Xg 0.965313 X1,X2,X3,X4, X5 0.998772
X1,X5,Xg 0.941106 X1,X2,X3,X4, Xg 0.998159
X9,X3,X4 0.971383 X1,X2,X3,X5, Xg 0.995716
X2,X3,X5 0.951199 X1,X2,X4,Xs5, Xg 0.998159
X2,X3,Xg 0.941106 X1,X3,X4,X5, Xg 0.992679
X5,X3,X4, X5, Xg 0.992679
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Table 4: Calculated Choquet integral (C.1.) for each student

Studen J1 J2 I3 Ja Js
C.l 46.33851 46.86963 49.60733 47.43928 46.06705
Studen Je J7 Js Jo J10
C.l 48.70036 49.36552 47.60080 4551245 45.91763

Here, by sorting Choquet integral values we getiranas
Jo<Jiwo<Js<J1 <2 <Ja <Jg <J6 <7 <Is3.

It is observed that the Choquet integral is ustdulcalculating indices for each student
than that of Sugeno integral because marks of tthaests are in between 0 and 50. In
case of Sugeno integral, the functional valuesrabetween 0 and 1.

5. Conclusion

This paper presents the calculationAsfuzzy measure, Choquet integral and Sugeno
integral by SCILAB programming. The case study sholmat the marks of students are
aggregated with respect to weight of the subjeeteHelative indices by using Choquet
integral are obtained to rank the students in asionisprocess. As weight of the subject
indicates the relative importance of the subjeat, ranking shows that the student who
has the more index value is good at that subjedtstiould be admitted firstly for the
M.Sc. Course.
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