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Abstract

Intuitionistic fuzzy set (IFS) is very 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
career determination using normalized Euclidean distance method to
measure the distance between each student and each career respectively.
Solution is obtained by looking for the smallest distance between each
student and each career.
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INTRODUCTION

Fuzzy sets (FS) introduced by (Zadeh, 1965) has showed meaningful
applications in many fields of study. The idea of fuzzy set is welcome
because it handles uncertainty and vagueness which Cantorian set could not
address. In fuzzy set theory, 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
(Atanassov, 1983, 1986) 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
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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 (Atanassov, 1994,
1999). Szmidt and Kacprzyk (2001) 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 (Szmidt and Kacprzyk, 2004).

De et al (2001) gave an intuitionistic fuzzy sets approach in medical
diagnosis using three steps such as; determination of symptoms, formulation
of medical knowledge based on intuitionistic fuzzy relations, and
determination of diagnosis on the basis of composition of intuitionistic fuzzy
relations. Intuitionistic fuzzy set is a tool in modelling real life problems like
sale analysis, new product marketing, financial services, negotiation process,
psychological investigations etc. since there is a fair chance of the existence
of a non-null hesitation part at each moment of evaluation of an unknown
object (Szmidt and Kacprzyk, 1997, 2001). Atanassov (1999, 2012) carried
out rigorous research based on the theory and 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 (Szmidt and Kacprzyk, 1997,
2000 and Wang and Xin, 2005) and used by (Szmidt and Kacprzyk, 2001,
2004) in medical diagnosis.

We show a novel application of intuitionistic fuzzy set in a more
challenging area of decision making (i.e. career choice). An example of
career determination will be presented, assuming there is a database (i.e. a
description of a set of subjects 5, and a set of careers ). 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 career determination database describing career for
different students, it should be taken into account that for different students
aiming for the same career, values of the same subject performance can be
different. We use the normalized Euclidean distance method given in
(Szmidt and Kacprzyk, 1997, 2000, 2014) to measure the distance between
each student and each career. The smallest obtained value, points out a
proper career determination based on academic performance.
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CONCEPT OF INTUITIONISTIC FUZZY SETS
Definition 1 (Zadeh, 1965): Let X be a nonempty set. A fuzzy set A

drawn from Xis defined as A ={{x,p,(x)):x € X}, where p,(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 (Atanassov, 1999): Let X be a nonempty set. An

intuitionistic fuzzy set 4 in X is an object having the form
A= {{x, pu,y(x), v, (x)):x € X}, where the functions
palx),v, (x): X — [0,1]define respectively, the degree of membership and
degree of non-membership of the element x € X to the set A, which is a
subset of X, and for every element x & X,0< pu,(x)+v(x) < L
Furthermore, we have m,(x) =1 —pu,(x) — v,(x) called the intuitionistic
fuzzy set index or hesitation margin of xinA. m,(x) is the degree of
indeterminacy of =x€X to the IFS A and m,(x)€[0,1]
ie,my(x): X —[0,1]and 0 <m, =1 for every x € X. m,(x) expresses
the lack of knowledge of whether x belongs to IFS A4 or not.

For example, let 4 be an intuitionistic fuzzy set with p,(x) = 0.5 and
v (x) =03=m,(x) =1—(05+ 0.3) = 0.2. It can be interpreted as “the
degree that the object x belongs to IFS A4 is 0.5, the degree that the object x
does not belong to IFS A4 is 0.3 and the degree of hesitancy is 0.2”.

BASIC RELATIONS AND OPERATIONS ON INTUITIONISTIC
FUZZY SETS

1. [inclusion] AcB < p,(x) < pglx) andvy(x) = vg(x) Vx €X
2. [equality] A =B & p,(x) = pgl(x) and vy (x) = vg(x) ¥x X
3. [complement] A% = {{x, v, (x), p (x)}:x € X}

4. [union]

AU B = {(x,max(p,(x),pg(x)), min (v, (x),vg (x))):x € X}
5. [intersection]
ANB = {{x,min(p,(x), uz(x)), max (v, (x), vs(x))):x € X}
6. [addition] A® B ={(x,1, (x) + g () — s (¥)11g (), () ()
xeX}
7. [multiplication] A® B ={(x, u, (x)pg(x),
vy () + vg () — vy (x)vg (x)): xEX}
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8. [difference] A—B = {x,min(
wa(x),vg [x:]:],max[vA (x) ,ug (x]) x EX Y

9. [symmetric difference]

AAB = {(x, max[min(u 4, vg),min(pg, v, )],min[

max(vy, ug),max(vg, uy)lyx € X}

10. [Cartesian product] 4 %X B = {{u,(x)ug(x), vy (x)vg(x))x EX }.
Theorem 1: Let A and B be two IFS in a nonempty set X, then; (i)
A—B=AnBE"

(i)A—B =B —AiffA=EB (iii)4 — B = B — A°.
Proof: (i) Let A={{p,(x),v;(x)x€X} and B = {(x,uz(x),
ve(x) x EX} for ABEX , then A—B = {x,min(

ta (), vg (), max(vy (x)) ,pp(x)))x € X }. But
B = {(x,vg(x), ug(x) Jx X 1>
An B = {x,min(u,(x),vg (x)), max(v, (x),ug(x))x X} since

ANB ={x,min(p,(x),uz(x)), max(v,(x) ,v;(x))x€ X} The result
follows.

(i) A—B ={x,min( p,(x),vg(x)), max(v,(x) ,ug(x))x X L
If A=F = pu,(x) = pg(x) and vy(x) =vz(x) ¥ x € X. From this, it is
certain that B — A = A — B and the result follows.

(iii) A—B ={x,min( p,(x),vg(x)), max(v,(x), pz(x))x X}
Given that, Af = fla, vy (x), pa(x) x EX ) and B =
f(x,vg(x),pglx) )x€X ], it implies that, B°— A°={x, min(
vg(x), ny(x)),max(pg(x), vy (x)))x € X T and the result is straightforward.

Corollary 1: Whenever A =B, AAB=BAAV A B EX.

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;

(VA—A=0 (A—0 =A(i)A—BSA(VA—B=CiffA=B (V)
A—B=AiffB=0 (ViA—B =AiffAnB=0

It is easy to prove the above results.

Theorem 3: For IFS 4,B,C in X and4 € B € C,then we have; (i)
B-—AC C—A(iBAAS CAA

Proof: (i) Giventhat A,E,C e X and 4 & B £ C = “C” is transitive
e AE B and BECACEC e
pa(x) = pglx) < pe(x) and vy (x) = v5(x) =v.(x) Vx€X. Since 4is
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the smallest of B and C, subtracting A from both side of B £ £ means
nothing, i.e. B — A S 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:
1 AXxB=EFXA

2(AXB)XC=AX(BXC)
3AX(BUC)=(AXB)U(AXC()
4AX(BENC)=(AXB)N(AxC)
5AX(BEC)=(AXB)B(4xC)
64x(BAC)=(AXB)B(4x0C)

ALGEBRA LAWS IN INTUITIONISTIC FUZZY SETS
Let 4, E and C be IFS in X, then the following algebra follow:

1 Complementary Law: (A°)° = A

2 ldempotent Laws: (iJAU A4 = A(i)AnA4d = A

3 Commutative Laws: (i) AUB = FUA (ii) AnBE=Bn A
(iii)A® B = B@ A(iv) A®B = BO® A

4 Associative Laws:
(AUB)UC=AU(BUC) (ii)(AnB)NC =An(BnC) (iii)
AB(B® C)=(A® B)® C (iv) AB(B®C) = (A®B)@C

5 Distributive Laws:
(iJAu (BnC)=(AuB)n(AvucC) (iDAn(BUC)= (AnB)U
(AnC)
(iif) AB(BUC)= (A@B)U (A2 C) (iv) A2(BNnC)=(A2EB)n (A2 C)
(v) A®(BUC) = (A®B) U (4@ C) (vi) A®(B nC) = (ABB) n (A® C)

6 De Morgan’s laws:
(i) (AU B)® = A° nB® (if) (An B)° = A° U B* (iii)
(A® B)° = A@B° (iv) (A®@ B)® = A“&B°

7 Absorption Laws: (i) An(AuB)=A4 (ii)AU(ANB)=A4
8 (1) ®°=X (i) X°=0 (i) AUD =A (i) AND =] () ANA° =
9(NAUX =X (i) AVUA =X (i ANX =4

Note: Distributive Laws hold for both right and left hands. The

proofs follow from the basic operations.
Theorem 4: Let 4,B,C be IFS in Xand B < C,then we have; (i)

ABB S A®C (i) A®@BCA®C (i) AUBSAU C(v)/ANBSANC,
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Proof: (i) Given that AB,CE€Xand BSC, it means
pelx) < p-(x) and vy (x) = v-(x) forevery xeX. If another IFS 4 € X is
added to B € C, it is certain that, AZB € A® C and the result follows.

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

Theorem 5: Let Aand B be IFS in X, then (i) AnNE =4 or
AnB =B, (I)AUB=Aor AUB=F iffA=85.

Proof: (i) ForA4,B,Ce€ X, it implies thatAnBeX. |If
A=B=p,(x) =pg(x)andv,(x) = vz (x) Fx e X. Since A= B, from
idempotent laws, A N B = Aor An B = B. The result follows.

Result of (ii) follows from (i).

Definition 3 (Szmidt and Kacprzyk, 2014): The normalized
Euclidean distance d,_; (4,B) between two IFS A and B is defined as

dn—H
(A,B) = {izfzi[ (balx)— Hﬂ(xejjz + (va(x) — v (xejjz + (ma(x) —
ﬂﬂtxejjz]}%

, X =1{xy x5 ,.,x, }fori=12,..,n

APPLICATION OF INTUITIONISTIC FUZZY SETS IN CAREER
DETERMINATION

The essence of providing adequate information to students for proper
career choice cannot be overemphasized. This is paramount because the
numerous problems of lack of proper career guide faced by students are of
great consequence on their career choice and efficiency. Therefore, it is
expedient that students be given sufficient information on career
determination or choice to enhance adequate planning, preparation and
proficiency. Among the career determining factors such as academic
performance, interest, personality make-up etc.; the first mentioned seems to
be overriding. 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 S={s,,5,,5;,5,} be the set of students, C = {medicine,
pharmacy, surgery, anatomy} be the set of careers and Su ={English

Language, Mathematics, Biology, Physics, Chemistry} be the set of subjects
related to the careers. We assume the above students sit for examinations
(i.e. over 100 marks total) on the above mentioned subjects to determine
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their career placements and choices.
related subjects requirements.

The table below shows careers and

Table 1 Careers vs Subjects
English Mathematics Biology Physics Chemistry
Language
medicine | (0.8,0.1,0.1) | (0.7,0.2,0.1) (0.9,0.0,0.1) | (0.6,0.3,0.1) | (0.8,0.1,0.1)
pharmacy | (0.9,0.1,0.0) | (0.8,0.1,0.1) (0.8,0.1,0.1) | (0.5,0.3,0.2) | (0.7,0.2,0.1)
surgery (0.5,0.3,0.2) | (0.5,0.2,0.3) (0.9,0.0,0.1) | (0.5,0.4,0.1) | (0.7,0.1,0.2)
anatomy (0.7,0.2,0.1) | (0.5,0.4,0.1) (0.9,0.1,0.0) | (0.6,0.3,01) | (0.8,0.0,0.2)

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

Table 2 Students vs Subjects
English Mathematics Biology Physics Chemistry
Language
S; 1 (0.6,0.3,0.1) (0.5,0.4,0.1) (0.6,0.2,0.2) (0.5,0.3,0.2) (0.5,0.5,0.0)
S; 1 (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)
S; 1 (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)
S, | (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 student
and each career with reference to the subjects, we get the table below.

Table 3 Students vs Careers
medicine pharmacy surgery Anatomy
S; 0.1006 0.0897 0.0904 0.0805
S, 0.0738 0.0856 0.0591 0.0954
Ss 0.0781 0.0805 0.0811 0.0857
S4 0.0831 0.0749 0.0928 0.1014

From the above table, the shortest distance gives the proper career
determination. S; is to read anatomy (anatomist), S, is to read surgery
(surgeon), Sz is to read medicine (doctor), and S, is to read pharmacy
(pharmacist).

Conclusion

This novel application of intuitionistic fuzzy sets in career
determination is of great significance because it provides accurate and proper
career choice based on academic performance. Career choice is a delicate
decision making problem since it has a reverberatory effect on efficiency and
competency if not properly handled. In the proposed application, we used
normalized Euclidean distance to calculate the distance of each student from
each career in respect to the subjects, to obtained results.
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