Intern. J. Fuzzy Mathematical Archive

Vol. 5, No. 2, 2014, 75-78 International Journal of
ISSN: 2320 —3242 (P), 2320 —3250 (online) Fuzzy Mathematical

Published on 20 December 2014
www.researchmathsci.org

Archive

Two New Algebraic Properties Defined Over
| ntuitionistic Fuzzy Sets
P.A.Ejegwa, J.T.Alabaa and S.Yakubu

Department of Mathematics, Statistics and CompBeéence, University of Agriculture,
P.M.B. 2373, Makurdi, Nigeria
Email: ocholohi@gmail.comandejegwa.augustine @uam.edu.ng

Received 13 December 2014; accepted 16 Decembér 201

Abstract. The concept of intuitionistic fuzzy sets as modifieizzy sets introduced by
Atanassov has been researched in many existingtlites. In this paper, two new
algebraic properties defined over intuitionisticZy sets were proposed, proved and
verified by numerical example. We also introduckd toncept of complementarity of
two intuitionistic fuzzy sets and gave a propositiath a proof based on the concept.
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1. Introduction

In [1, 2], intuitionistic fuzzy set (IFS) was inttaced as an extension or modification of
fuzzy set earlier proposed in [18]. Intuitionistizzy set attracts much attention due to its
significant in tackling vagueness or the repredanaof imperfect knowledge. Volumes
of research have been carried out involving thelfumentals and theory of IFSs in [3-17,
19]. In this research article, we review the algébrproperties of IFSs. Two new
algebraic properties defined on IFSs will be preghsproved, and exemplified
numerically. Also, we introduce the concept of ctenpentarity in IFSs with a related
proposition.

2. Concept of intuitionistic fuzzy sets

Definition 1. [18] Let X be a nonempty set. A fuzzy sétdrawn fromX is defined as
A ={{x,us(x)): x € X}, wherey(x): X — [0,1] is the membership function of the
fuzzy setA. Fuzzy set is a collection of objects with gradedmbership i.e. having
degrees of membership.

Definition 2. [10] Let X be a nonempty set. An intuitionistic fuzzy dein X is an object
having the formd = {(x, 14 (x),v,(x)): x € X}, where the functiong,(x),v,(x): X —
[0, 1]define respectively, the degree of membership agued of non-membership of the
elementx € X to the setA, which is a subset of, and for every element € X,0 <
Ua(x) +v4(x) < 1. Furthermore, we haver,(x) =1 — u,(x) — v4(x) called the
intuitionistic fuzzy set index or hesitation margifix in A. m,(x) is the degree of non-

75



P.A.Ejegwa, J.T.Alabaa and S.Yakubu

determinacy ofx € X to the IFSA andm,(x) € [0,1] i.e.;t4(x): X — [0,1 ]Jand0 <
my <1 for everyx € X. my(x) expresses the lack of knowledge of wheth&elongs to
IFS A or not.

Note:
1. Every fuzzy set is intuitionistic fuzzy set, laé reverse is not true.
2.0000) Fv(x) +my(x) = 1.

Definition 3. Let 4, B be two IFSs ik, we define the following operations;
A" = {6, va(x), ma(x)): x € X3,
AUB = {{(x,ma x(uA(x), Ug (x)) ,min (v, (x),vg(x))): x € X},

ANB= {(x,min(uA(x), uB(x)) ,ma x(vA(x),vB(x)) Yix € X},
A® B ={(x,ps(x) + pp(x) — pa () pp (x),v4 (x)vp(x)):x € X},
A® B ={{x, iy ()up(x),va(x) + vp(x) — v (x)vp(x)): xeX},

A—B= {x, min(uA(x),vB(x)),max(VA(x) , uB(x)) x €X }

Definition 4. Let A be an IFS irX, then B is called the sub-IFS of denoted byBcA if
g (x) < pa(x) andvg(x) = vy ().

3. Some algebraic properties of intuitionistic fuzzy sets[2, 14]

Let 4, B andC be IFSs in¥, then the following properties are valid;

Complementary lawA’)' = A

Idempotent laws(i) AUA = A(ii))ANA = A

Commutative laws:ifAUB = BUA (ii)ANB =B N A(iii)A®B = B® A

(iv)A® B = BQ A
Associative lawsi) (AUB)UC =AU B UC)(ii)(ANnB)NC =An(BNC)
(ii))A®(B® C) = (A® B)® C (iv)AQ(B® C) = (A® B)® C

Distributive laws:

(AU (BNCO)=(AUB)N(AUC)(iDAN(BUC)= (AnB)U (ANnC)
(ii)A®(B U C) = (A®B) U (4@ C)(iv)A®(B N C) = (A® B) N (A® C)
(1)A®(B U C) = (A®B) U (A® C) (vi)A®(B N C) = (A®B) N (A® )

De Morgan’s laws:

()YAuUB) = A" nB’

(ii)(AnB) =A" UB’

(iii) (A® B)' = A'®B’

(iv)(A® B)' = A'®B’

Absorption laws{(i) AN(AUB)=A (ii)AU(ANB) =A.

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

4. New algebraic properties of intuitionistic fuzzy sets
Theorem: Letd andB be two sub-IFSs of in a nonempty seX s.t.A = B'andB = 4’,
then

1. (AUB)N(AUB) = (A'NB)YU(ANB)
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2. AnB)u(AnB)=(A"UB)YN(AUB)

Pr oof:

The result follows if LHS equals RHS. Sinde= B'andB = A’, then A UB =B U
B = B i.e. idempotent. Alscd U B’ = A U A = A, for the same reason. ThéAf U B) n
(AUB") =BnA=AnBie. commutative (LHS).

Again, ANnB'"=BnNnA=ANnB. Then A’'NnBYU(ANB)= (ANB)U(ANB) =
AN B i.e.idempotent (RHS). The result follows.

For the second part, we g&tff NB)U(ANB)=(BNB)U(ANA) =BUA=AUB
(LHS).

Again,(AUB)YN(AUB) =(BUA)N (AUB) =AUB (RHS). The result follows.

Example 1.

LetA = {(0.5,0.3), (0.6,0.2)}, B = {(0.3,0.5), (0.2,0.6)} for X = {x;,x,} and4,B € X.
ThenA' = {(0.3,0.5),(0.2,0.6)} andB’ = {(0.5,0.3), (0.6,0.2)}
Case 1(A/'UB)N(AUB)Y=(A'"nB"YU(ANB)

A" U B={(0.3,0.5),(0.2,0.6)}, AU B’ = {(0.5,0.3), (0.6,0.2)}
(A" UB)n (AuB")={(0.3,0.5),(0.2,0.6)} (LHS)

A’ n B'={(0.3,0.5),(0.2,0.6)}, An B = {(0.3,0.5), (0.2,0.6)}
(A’ nB") U (4AnB)={(0.3,0.5),(0.2,0.6)} (RHS)
Case2(A'NnB)U(ANB)Y=(A"UB)YN(AUB)

A'n B = {(0.3,0.5),(0.2,0.6)}, An B’ = {(0.5,0.3),(0.6,0.2)}
(A'nB)uU(AnB") ={(0.5,0.3),(0.6,0.2)} (LHS)

A" U B’ ={(0.5,0.3),(0.6,0.2)}, AU B = {(0.5,0.3), (0.6,0.2)}
(A" UB)n (AuB)={(0.5,0.3),(0.6,0.2)} (RHS)

Note, in both cases, LHSRHS.

Definition 5. Two sub-IFS$B, C of A are complementary B N C = {0} andB® C = A.

Proposition 1. Let B, C be two sub-IFSs of A. theB, C are complementary sub-IFSs if
and only if eacho € A can be written as=f+y with p€ B andy € C for a, B,

vy € [0,1].

Proof: Suppose first thak, C are complementary sub-IFSs anddet A. ThenB® C =

A, so we can find3 € B andy € C with a= g +y. If we also haves= g’ +y' with

B’ € Band y' € C, then we hav@—pB' =y’ —y. The left-hand side lies iB and the
right-hand side lies i@, and so both sides (being equal) must lieB imC = {0}. Hence
both sides are zero, which mediss f'andy’ = y, so the expression is unique.

Conversely, suppose that everg A can be written uniquely as= g + y with BE B
andy € C.Then certainlyB® C = A. If a is non-zero inB n C, then in facta has two
distinct expressiong + y with e B andy € C, one with = a, y = 0 and the other
with 8 = 0,y = a. HenceB n C = {0}, andB andC are complementary.
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