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Abstract. In this paper, we gave a concise note on intugtanfuzzy sets and presented
an application of intuitionistic fuzzy sets in eiea process using an assumed data. The
application was conducted with the aid of a neviatise measure of intuitionistic fuzzy
sets.
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1. Introduction

The concept of intuitionistic fuzzy sets (IFSs) wamposed by Atanassov [1] as an
extension of fuzzy sets introduced by Zadeh [1@\eBal publications on IFSs theory
and applications have been carried out, recentict svorks can be found in [2,3,5-18].
In this paper, we give a brief note on IFSs anémxtthe works in [4, 8] with an explicit
illustration.

2. Concept of intuitionistic fuzzy sets
Definition 2.1. [19] Fuzzy sefd of a setX is defined by the membership function of the
setA such thatp,(x): X — [0,1],

1, if xistotallyin A
where,u,(x) =< 0,if xisnotinA

(0,1),if xispartlyin A
The closer the membership valug(x) to 1, the morex belongs toA, whereas the
grades 1 and 0 represents full membership anddaimembership.

Definition 2.2. [2] Let X be nonempty set. An intuitionistic fuzzy set (IFB)n X is an
object having the form A = {{x,u,(x),v4(x)):x € X}, where the functions
us(x),vy(x): X — [0,1] define the degree of membership and degree of non-
membership of the elemente X to the sefl. For everyx € X,0 < p,(x) +vu(x) < 1.
Furthermore, my(x) = 1 — uys(x) — v4(x) is the intuitionistic fuzzy set index or
hesitation margin which is the degree of indeteemynconcerning the membershipxof

in 4, then0 < p,(x) + v4(x) + my(x) = 1. Wheneverm,(x) =0, an IFS reduces
automatically to fuzzy set. Without ambiguity, wendte an IFSl as A = (uy, v4).
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For example, letA be an IFS with membership functigry, and non-membership
function v, respectively. Ifu, =05 and v, = 0.4, thenmy, =1-05—-0.4=0.1,
(sinceuy + v, + my = 1) which could be interpreted as the degree to whhehobject

x belongs tAA is 0.5, the degree to which the objectloes not belong ta is 0.4 and the
hesitation margin i8.1. Thus,A4 in X can be expressed a{0.5,0.4,0.1):x € X}. If Ais

a crisp fuzzy set, it impliesthay = 0 foreachk e Xiemy =1—puy —vy=1—puy —
Q-p)=1—py—1+pu, =0. Likewise,my =1 —puy —vy =v4—v, =0. In turn,

it means that the third parametey cannot be omitted or discarded since it determines
the intuitionistic aspect .

Definition 2.3. [2] Let X be nonempty. If is an IFS drawn fronX , then

A= {<X,HA>: X € X} = {(X,HA, 1- .uA):x € X},
0A ={(x,1 —vyxeX} ={(x,1 —vy,vy):x € X}.

Definition 2.4. Let X be nonempty. I, B € IFS(X) then;
Complement:A¢ = (v, uy)

UnioniﬂA_uB = V(pa, 1p) andvyyp = A(v4, vp)
Intersectionyyng = A(y, Hp) andvapg = V(v4,vp)
Addition: ppe g = (Ha + Kp — Hakp) aNdVae g = (V4Ve)
|V|u|t|p|lC8.tI0n Ha® B = (H.AH.B) andVA®B = (VA + Vg — VAVB)
Difference:A — B = A(ua, vg), V(v4, Ugp)

We also have the following derive operations;

() A@B = (% (ha + uB)'%(VA + VB)) (i) A$B = ((UAHB)%I (VAVB)%)

_ (2paup  2vaVB) — Hatip VAtV
(iiiy A#B = (_IJ-A‘HJ-B ,—VAWB) (iv) AxB (z(uAuB+1)’2(vAvB+1))'

Theorem 2.5.Let A andB be two IFSs in a nonempty sétthen; ()A — B = An B¢
(i) A— B = B — AiffA = B (iii) A— B = B — A“.

Theorem 2.6.For IFSs4,B,CinXandA € B<c C,thenB—Ac C — A.

Theorem 2.7.Let A andB be two IFSs in a nonempty sétthen;(id — A4 = O (ii)
A-0=A
(i) A—BScA(VVA-B=0iff A=B(V)/A—-B=Aiff B= 0.

Theorem 2.8.Let 4, B andC be IFSs inX, then; ()A@B = B@A (ii) A$B = BS$A (iii)
A#B = B#A (iv) A*xB =B * A (V) A@B = A@B (vi) A$B = A$B (vii) A#B = A#B
(vii) A*xB=A=*B

Theorem 2.9.Let 4, B andC be IFSs inX, then;

() A@(BNnC) = (A@B) n (A@C) (ii) A@(BU C) = (A@B) U (A@C)

(i) A#(B N C) = (A#B) n (A#C) (iv) A#(B U C) = (A#B) U (A#()

(V) A$(B N C) = (A$B) N (A$C) (vi) A$(B U C) = (A$B) U (4%0)

Theorem 2.10Let 4, B andC be IFSs inX, then;
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() o(A@B) = oA@oOB (ii) o(A$B) = oA$OB
(iii) o(A#B) = oA#oOB (iv) 0(A@B) = CA@OB
(V) O(A$B) = 0A$OB(vi) O(A#B) = 0A#0B.
The proofs are straightforward.

Definition 2.11. [17]Let X be nonempty such that IFS4, B, C € X. Then the distance
measured between IFSsdand B is a mappingd: X x X — [0,1] satisfying the
following axioms:
(i) 0 < d(A,B) < 1(boundedness)
(i) d(A,B) =0ifand onlyif A=B
(i) d(A,B) = d(B,A) (symmetric)
(iv) d(A,C) +d(B,C) = d(A,B)
(vifAc Bc C,thend(4,C) = d(A,B) andd(4,C) = d(B, ().
Distance measure is a term that describes thereliife between intuitionistic fuzzy sets
and can be considered as a dual concept of sityilmeasureWe make use of the four
distance measures in [17] between intuitionistzzfusets, which were partly based on
the geometric interpretation of intuitionistic fyzsets, and have some good geometric
properties.

LetA = {(x, g (x;), va(x;), e (x;)): x € X} @andB = {(x, up (x;), vp (x;), p (x;)): x €
X} be two IFSs inX = {xy,x,,...,x,}, fori =1,2, ..,n. Based on the geometric
interpretation of IFSs, Szmidt [17] proposed thdlofeing four distance measures
betweend andB:
The Hamming distance;

1 n
an(4,8) =5 Clua ) = s ) [+ va) = v 1+ | s =m0 |

=1
The Euclidean distance;

n

1
dg(A,B) = EZ[(”A(xi) — up(x))? + (Va(x;) = vp(x))? + (1ma(x;) — 5 (x:))?]
i=1

The normalized Hamming distance;
n
1
@A B) = — " Cliwae) = o) |+ s = vo 0 | + [ o
i=1

— ) D)
The normalized Euclidean distance
dyng(A B)

n

1
= |5 D TCha i) = 1 (e))? + (Va ) = v (r))? + (g (v) = mp(x)?)

=1
The new distance measure is given as thus [14];
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1 n
a4, B) = 5= luaGe) = s | + Tiaa e = vaee) [ = lus ) = va e ||
i=1

1 g = mae = s = mp e 1]
For example, le#d = {(0.6,0.2,0.2),(0.5,0.3,0.2)} and B = {(0.5,0.4,0.1),(0.4,0.1,0.5)}
be IFSs inX such tha = {x;,x,}. We use the above distance measures to calchkate t
distance fromAtoB and get the following resultsd,(A4,B) = 0.25,dg(4,B) =
0.2189, d,_y(4,B) = 0.125,d,,_;(A,B) = 0.1548 and d(4,B) = 0.1 i.e. the new
distance measure of and B. From these results, we observe that the newndista
measure proposed in [14] is more accurate becdusmduces the shortest distance
measure.

3. Intuitionistic fuzzy sets and electoral system

The concept of intuitionistic fuzzy sets is a vadie tool in decision making as reported
in [2, 4, 6-8, 10-14, 16, 18]. Presently, we areaim era of democracy where the
electorates exercise their franchise in the polle Do the existence of the fundamental
human right, every electorate has the right to \atereferable aspirant, and as such,
decision on whom to elect preoccupies the eleasrah this scenario, some voters must
of necessity vote a candidate, some against and sbeourse, will remain undecided or
cast invalid vote. Interpreting into an intuitiotiésfuzzy set, the electorates that voted for
a candidate stand for the membership function psehhat voted against stand for the
non-membership function and those that remain undecided or cast invalilbtopaper
stand for the hesitation margin[4].

Let C ={C,,C,,C3,Cy,Cs} be the set of all candidates, étbe the set of all
electorates (i.e. total of ten million, equal prdjfzm each from eight provinces), let
P ={P,,P,,P;,P,, Ps, Ps, P;,Pg} be the set of provinces within the country, and le
0 ={04,0,,03,0,4,05} be the set of offices vying for. Ldt(x) be the number of
electorates that voted fot(x) be the number of electorates that voted againet,l&x)
be the number of electorates that remained undgaecast invalid votes for every
x€Xie X =F(x)+A(x) + U(x). From these, we get

h() =52 (1)
V() =22 (2)
similarly, n(x) = 1 - £ _ 20
_ X-F(x)-A(x)
n(x) = £OAD 3)
Adding (1) and (2), we gef(x) + v(x) =2+ 28 byt from Def. 2.241,(x) +
V@) < 1ie 22+ 2% < 1 and yields
Fx)+A(x) <X 4)
and
Ulx) =X — F(x) — A(x) ©)
Equation (3) becomes
n(x) = 22 (6)
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For any elected offices, the candidates to bemetlielected must satisfied stipulated
percentage votes in each of the provinces as shimwtbd Table below.
Offices and Provinces’ Required Votes

Py P, P; Py Ps Ps P, Pg
0, |(06,03)] (0504)] (0.702)| (0.6,0.3) (0.50.8)0.50.4) | (0.6,0.2)] (0.7,0.3)
0, |(0702)] (0801)] (0.701) | (0.6,03) (0.80.1)0.8(0.0) | (0.7,0.1)] (0.9,0.0)
0, | (0801 (07,02)] (0801 ]| (07,01 (0.80.1)080.1) | (0602)] (0.80.2)
0. |(06,03)] (0503)] (0602)| (0.404) (0.6,0.1)050.4) | (050.3)] (0.6,0.3)
0s | (0.405)| (0502)] (0503)| (0.604) (0.6,0.8)05(0.3) | (0.60.3)] (0.6,0.1)

Each of the entries is described by three numbtes, first entry is membership
functionu, the second entry is non-membership functierand the third entry is

hesitation margimi.e. m=1—u—v.

We assumed hypothetically that, the results belog the collated results after the

election.
Candidates and Provinces’ Votes
Py Py Py P, P Ps P, Pg

¢, | (05,0.4)] (0.8,0.2) (0.40.3) (0.40.5) (0.6,0[2p.7(0.1)] (0.8,0.1] (0.7,0.2
C, | (0.8,0.2)| (0.6,0.3) (0.6,0.1) (0.3,0.5) (0.8,0{1p0.8(0.1)| (0.9,0.0] (0.8,0.1
¢, | (0.6,0.3)| (0.7,0.3) (0.7,0.2) (0.2,0.6) (0.9,0{1p.8(0.2)| (0.9,0.1] (0.7,0.2
¢, | (0.7,01)| (0.8,0.1) (0.9,0.0) (0.5,0.4) (0.5,0{3D.8(0.1)| (0.9,0.0) (0.7,0.1
Cs | (0.8,0.1)] (0.50.4] (0.8,0.1) (0.8,0.p) (0.6,0[30.5(0.3)] (0.6,0.3] (0.6,0.2))

Using the new distance measure to calculate therdis between the offices and the
candidates with respect to the provinces, we getdhults below.

Final Collation

0y 0, 03 Oy Os
C; 0.043¢ 0.040¢ 0.051¢ 0.040¢ 0.035¢
G, 0.021¢ 0.029" 0.031: 0.048¢ 0.054"
C3 0.046¢ 0.034: 0.037¢ 0.048¢ 0.057¢
Cy 0.043¢ 0.034: 0.037¢ 0.053: 0.057¢
Cs 0.025( 0.050( 0.032( 0.035¢ 0.031:

From the collation Table above; candidéies not elected for any position, candidéje
is returned elected for offiag,, candidateC; and candidate&, will go for a rerun
election and candidat&; is returned elected for offic®;. The declaration is based on
the distance of each candidate to the offices. CEmelidate with the shortest distance to
any of the offices wins that particular office and candidate can be elected into two
offices.
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4. Conclusion

We conclude from this paper that, the concept tfitionistic fuzzy sets is a reliable
technique for decision problems. This method plagach candidates on the right offices
based on the stipulated office votes requiremdntsitionistic fuzzy sets theory is of
great advantage in fuzzy logic, fuzzy control, @attrecognition, decision science etc.
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