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Abstract

Intuitionistic fuzzy set (IFS) is useful in providing a flexible model to elaborate
uncertainty and vagueness involved in decision making. In this paper, we reviewed the
concept of IFS and proposed its application in selecting specialization. A case study for
engineering students is explained in details. We give a method for computing degrees of
membership and non-membership using given data. The suggested method can be applied
in many similar real life situations.

1. Introduction

The concept of fuzzy sets (FS) introduced by L.A.Zadeh [12] has showed meaningful
applications. Fuzzy set handles uncertainty and vagueness which Cantorian set could not
address. The membership of an element to a fuzzy set is a single value between zero and
one. However in reality, it may not always be true that the degree of non-membership of an
element in a fuzzy set is equal to 1 minus the membership degree because there may be
some hesitation degree. Therefore, a generalization of fuzzy sets was proposed by
K.T.Atanassov [9], [7] as intuitionistic fuzzy sets (IFS) which incorporate the degree of
hesitation called hesitation margin (and is defined as 1 minus the sum of membership and
non-membership degrees respectively). The notion of defining intuitionistic fuzzy set as
generalized fuzzy set is quite interesting and useful in many application areas. The
knowledge and semantic representation of intuitionistic fuzzy set become more
meaningful, resourceful and applicable since it includes the degree of belongingness,
degree of non-belongingness and the hesitation margin K.T.Atanassov [10],[8].E.Szmidt
et al. [4] showed that intuitionistic fuzzy sets are pretty useful in situations when
description of a problem by a linguistic variable given in terms of a membership function
only seems too rough. Due to the flexibility of IFS in handling uncertainty, they are tool
for a more human consistent reasoning under imperfectly defined facts and imprecise
knowledge E.Szmidt et al. [5]. S.K.De et al. [14] gave an intuitionistic fuzzy sets approach
in medical diagnosis. So, Intuitionistic fuzzy set is used in modeling real life problems like
sale analysis, new product marketing, financial services, decision making, psychological
investigations and in many useful application in the life ..... Since there is a fair chance of
the existence of a non-null hesitation part at each moment of evaluation of an unknown
object E.Szmidt et al. [6], [4]. K.T.Atanassov [8], [11] carried out rigorous research based
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on applications of intuitionistic fuzzy sets. Many
applications of IFS are carried out using distance measures
approach. Distance measure between intuitionistic fuzzy
sets is an important concept in fuzzy mathematics because
of its wide applications in real world, such as pattern
recognition, machine learning, decision making and market
prediction. Many distance measures between intuitionistic
fuzzy sets have been proposed and researched in recent
years E.Szmidt et al. [6], [3], W.Wang et al. [16] and used
by E.Szmidt et al. [4], [5] in medical diagnosis. We show a
novel application of intuitionistic fuzzy set in a more
challenging area of decision making (i.e. department
choice). An example of department determination will be
presented, assuming there is a database (i.e. a description of
a set of subjects 5, and a set of department D). We will
describe the state of students knowing the results of their
performance. The problem description uses the concept of
IFS that makes it possible to render two important facts.
First, values of each subject performance changes for each
student. Second, in a department determination database
describing department for different students, it should be
taken into account that for different students aiming for the
same department, values of the same subject performance
can be different. We use the Hamming distance method
given in E.Szmidt et al.[6], [3], [2] to measure the distance
between each student and each department. The smallest
obtained value, points out a proper department
determination based on academic performance.

Intuitionistic Fuzzy Set and Its Application in Selecting Specialization: A Case Study for Engineering Students

2. Concept of Intuitionistic Fuzzy Sets

Definition 1 L. A. Zadeh [12]: Let A be a nonempty set. A
fuzzy set A drawn from X is defined as
A={x,,(x)):x0X}, where ,(x):X - [0, 1] is the
membership function of the fuzzy set A.

Fuzzy set is a collection of objects with graded membership
i.e. having degrees of membership.

Definition 2 K. T. Atanassov [8]: Let X is a nonempty set.
An intuitionistic fuzzy set A in X is an object having the form

A=, fy (x),v,(x)) :xUX},
M, (x),V,(X): X - [0, 1] define respectively, the degree of

membership and degree of non-membership of the element
x [JX to the set A, which is a subset of X, and for every

elementx (1 X ,0< 1, (x)+V,(x) <1

Furthermore, we have 7T,(x)=1-4,(x)-V,(X) called
the intuitionistic fuzzy set index or hesitation margin of x in A.
TT,(x) is the degree of indeterminacy of x [JX to the IFS
A and 77,(x)0[0,1] e, T,(x):X - [0,1] and 0<7, <1
for every xU.X. 7T, (x)expresses the lack of knowledge of
whether x belongs to IFS A or not.

where the  functions

For example, let A is an intuitionistic fuzzy set with £/, (x)
—05and V,(x) =03 = 77,(x)=1- (0.5 + 0.3) = 0.2. It
can be interpreted as "The degree that the object x belongs to

IFS Ais 0.5, the degree that the object does not belong to IFS
Ais 0.3 and the degree of hesitancy is 0.2".

3. Basic Relations and Operations on Intuitionistic Fuzzy Sets

IF A, B be IFS in X, then:

1. [inclusion] AUB o U, (x)< tp(x)andv, (x) 2V, (x)OxU0X

2. [equality] A=B o U, (x)=p(x)andV, (x) =V,(x)Ux0OX

3. [complement] A® ={(x,V, (x), 4, (x)):xOX}

4. [union] AOB ={(x,max(4,(x), ty(x)),min(V,(x),V,(x))) : x 0 X}

5. [intersection] AN B={(x,min(,(x), 1, (x)),max(V,(x),V,(x))) : x UX}

6. Taddition] ACYB = {Cx, 1, () + 44y (¥) = (OOt (0, (3, () : X DX}

7. [multiplication] AL B ={(x, 1, (X)) (x),V ,(x) +V, (x) =V, (x)V, (x)) : x OX}

8. [difference] s g = t(x, min(4, (x),v, (x)), max(v, (x), 4, () : x 0 X}
9. [symmetric difference] - ynp = ¢ max[min(s,,v,), min(v, 4, )], min[max(v,, 44, ), max(4,,v,)]) : x 0 X}
10. [Cartesian product] AXB ={{U, (X)L (X),V,(x)V,;(x)) : x X}

Theorem I: Let A and B be two IFS in a nonempty set X, then;

(H)A-B= 4n B
(i) A-B=B-AiffA=B
(iii) A - B = BS - A",

Proof: (i) Let A= {{x, 4, (x),V,(x))x O X} and B= {(x, 1, (x),V,(x))x 0 X}
for A, BLIX, then 4—B ={{x,min(£,(x),V,(x)),max(V,,(x), 4 (x))) : x O X}

but B° = {(x,V, (x), 4y () x D X}, =
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An B = {(x,min(4, (x),V,(x)), max(V, (x), 4, (x))) : x O X} since
An B = {(x,min(, (x), i (x)), max(V ,(x),V,(x))) : x UX} . The result follows.

(ii) 4= B = {{x, min(4L, (x),V (x)), max(V, (x), 4y (x))) : x U X}

IfA=B = U, (x)=(x) and V,(x) =V,(x)UxUX from this, it is certain that B - A=A - B and the result follows.
(i) 4B = {(x,min(4, (), V, (0), max(v, (x), 4 (x))) : D X}

Given that, A° = {(x,V,(x), 4, (x))xTJX} and B*=
{<X,VB(X),A[B(X)>XDX} it lmplleS that, B¢ - A° = [X,

min( V, (x), 1, (x)), max(t, (x),V,(x))x DX} and the result
is straightforward.

Corollaryl: Whenever A=B,AAB=BAA[A, BLIX.

Proof is straightforward from the proof of theorem 1 (ii).

Theorem 2: Let A and B be two IFS in a nonempty set X,
then;

()A-A=@ (i))A-@ =A(ii))A-BU AGlv)A-B=¢
iffA=B (v)

A-B=AiffB= @ (viA-B=Aiff ANB=¢

It is easy to prove the above results.

Theorem 3: For IFS A,.B,Cin Xand A U BU C, then we
have; ()B-A UC-A@G)BA A UC pAA

Proof: (i) Given that A, B, C0 XandA U B U C
"0 is transitive ie. Al Band B UC - A U C ie.

LSO L@ ™ V02,020 O
X. Since A is the smallest of B and C, subtracting A from both
side of B U C means nothing,i.e. = B-A U C-A. The
result follows.
Since " A" is the extension of "-", the result of (ii) follows.
Corollary 2: From the basic operations, we deduced the
following relations:
a.AX B =BXA
b.(AXB)XC=AXBXC)
c.AXByUO=(AXB)y (AXC)
dAXBNO)=(AXB)n (AXC)
FAXBgpC)=(AXB)p(AXC)
eAX(BgC)=(AXB)g(AXC)

4. Algebra Laws in Intuitionistic Fuzzy
Sets

Let a, band ¢ be IFS in x ,then the following algebra follow:
i. Complementary Law: ((A%)° = A
ii. Idempotent Laws: ())A UA™ A (i) ANA=A
iii. Commutative Laws: (i) AU B=B U A(ii)) AN B=
BN A
(i) A® B=BDA(IvV)A® B=B® A
i. Associative Laws:

(i) (AYB)UC = AUB UQ) (i) (AN B)NC = AN(B
NC) (i) ADBD C)=(A®D B)DC(iv) AQBX®C)= (A
XB)®C
ii.  Distributive Laws:

HAY(BN C)=(AYUB)NAUC(C)

(ii)ANBY C)=(AN B)YAN )

(i) A B Y O)=(A® B)YASD Q)

(vVADB N C)=ADd B)N (A® O

VA® B Y O)=(A® B)UA® )

VDA® BN O=A® B)N (A®RC)

vi. De Morgan's laws:

(i) (AUB) =ANB°

(ii)) (A0 B)*=A°UB°

(ili)(A @ B)*=A*®B°

(iv)(Ag B)=A°®B°

vii. Absorption Laws: (i) AN (AU B)=A (i) AU (AN
B)=A

(i) ¢°=A(ii) Ac=¢ (ii)) AUP =A(iv) ANP=9¢ (v) A
N Ac=¢

AU X=X (ii))AU A°=X (iii))AN X=A

Note: Distributive Laws hold for both right and left hands.
The proofs follow from the basic operations.

Theorem4: Let A, B ,C be IFS in X and B C C, then we
have; (i)

A®B CAD® C(i)A®BCA® C(i) AU B CAU
C@ivi AN B CAN C.

Proof:(i) Given that AB, C ¢ X and B  C, it means

d for every x « X. If
by (@) < ppe) M v, (2) > v (2) vore

another IFSA < X is added to B  C, it is certain that, A B
c A g C and the result follows.

Results of (ii) - (iv) follow from the proof of (i)

Theorem 5: Let A and B be IFS in X, then (i) AN B=Aor
AN B=B,(ii)AU B=AorA U B=BiffA=B.

Proof: (i) For A, B, C€X, itimplies that ANl B € X.IfA
=B= 1, (z) = () and v (z) = v, (2)¥x € X. Since A=
B, from idempotent laws ,An B=A or A B=B. The result

follows.
Result of (ii) follows from (i).
Definition 3 E. Szmidt [2]: The Hamming distance

d A, B) between two IFS A and B is defined as

an(

dn_H(AvB) = 2_1,,Z| /L4(£L‘]) _MB(:I",;) |
i=1

v, (@) —v,(@) |+ 7, (z)—7m,(z)
X =A{z,2,,....7 }ori =12..,n

5. Application of Intuitionistic Fuzzy
Sets In Selecting Specialization

In Egypt, For Example, IN Faculty Of Engineering, Tanta
University, We suffer from Lack of specialization and How
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and Why choosing the department to each student where the
famous in Egypt each student choose the department
according to that its famous and ignoring that if this student
eligible to this department or not. So, we need choosing the
suitable department to each student by its degree of each
object where each department needs to be excellent in specific
objects.

For example:

* In electrical department need the student to be excellent in
Mathematical, Physics and Computer (Logic).

* In Architecture department need the student to be
excellent in drawing engineered and Computer (Logic).

* In Mechanics department need the student to be excellent
in drawing engineered, mechanics and Computer (Logic).

* In civil department need the student to be excellent in
drawing engineered and Computer (Logic).

Intuitionistic Fuzzy Set and Its Application in Selecting Specialization: A Case Study for Engineering Students

We use intuitionistic fuzzy sets as tool since it incorporate
the membership degree (i.e. the marks of the questions
answered by the student),the non-membership degree (i.e. the
marks of the questions the student failed) and the hesitation
degree (which is the mark allocated to the questions the
student do not attempt).

Let D=

be the set of students,

S = {81782’83784
(architecture, electrical, civil, mechanics} be the set of
department and Su= (logic, Mathematics, drawing engineered,
physics, Physics, mechanics} be the set of subjects related to
the departments. We assume the above students sit for
examinations(i.e. over 100 marks total) on the above
mentioned subjects to determine their department placements
and choices. The table below shows departments and related
subjects requirements.

Table 1. Departments vs. Subjects.

Logic Mathematics Drawing engineered Physics Mechanics
Architecture (0.8,0.1,0.1) (0.5,0.3,0.2) (0.9,0.1,0) (0.5,0.5,0) (0.5,0.4,0.1)
Electrical (0.8,0.1,0.1) (0.9,0.1,0) (0.5,0.4,0.1) (0.8,0.1,0.1) (0.5,0.5,0)
Civil (0.8,0.1,0.1) (0.7,0.2,0.1) (0.9,0.1,0) (0.5,0.2,0.3) (0.6,0.3,0.1)
Mechanical (0.6,0.3,0.1) (0.5,0.5,0) (0.8,0.1,0.1) (0.5,0.5,0) (0.9,0.1,0)

Each performance is described by three numbers i.e. membership, non-membership and hesitation margin. After the various
examinations, the students obtained the following marks as shown in the table below.

Table 2. Studentsvs Subjects.

Logic Mathematics Drawing engineered Physics mechanics
S1 (0.9,0.1,0) (0.9,0.1,0) (0.6,0.2,0.2) (0.9,0.1,0) (0.5,0.5,0)
S2 (0.5,0.3,0.2) (0.6,0.2,0.2) (0.5,0.3,0.2) (0.4,0.5,0.1) (0.7,0.2,0.1)
S3 (0.7,0.1,0.2) (0.6,0.3,0.1) (0.7,0.1,0.2) (0.5,0.4,0.1) (0.4,0.5,0.1)
S4 (0.6,0.4,0.0) (0.8,0.1,0.1) (0.6,0.0,0.4) (0.6,0.3,0.1) (0.5,0.3,0.2)
Using Def. 3 above to calculate the distance between each
studentand each specialization with reference to the subjects, References

we get the table below.

Table 3. Students vs. Careers.

architecture Electrical Civil Mechanics
S1 0.26 0.08 0.24 0.34
S2 0.22 0.28 0.24 0.2
S3 0.12 0.22 0.16 0.22
S4 0.26 0.24 0.22 0.28

From the above table, the shortest distance gives the proper
department determination. S; is to read electrical (Electrical
Engineer), S,is to read mechanics (Mechanical Engineer), S;is
to read architecture (architecture Engineer), andS,is to read
civil (civil Engineer).

6. Conclusion

The case study presented in this mark can be applied in
many real life applications. For example, medicine, political
or social case.
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