


International J. of Math. Sci. & Engg. Appls. (IJMSEA)
ISSN 0973-9424, Vol. 13 No. I (June, 2019), pp. 37-47

CERTAIN PROPERTIES OF INTUITIONISTIC OF FUZZY
MATRICES

J. BOOBALAN! AND S. SRIRAM?
! Department of Mathematics,
Manbumigu Dr Puratchithalaivar M.G.R. Government Arts and Science College,
Kattumannarkoil - 608 301, India
2 Mathematics Wing, Directorate of Distance Education,
Annamalai University,
Annamalai Nagar - 608 002, India

Abstract

In this paper, we present several properties on algebraic sum . and algebraic product
. of intuitionistic fuzzy matrices. Also some results on existing operators along with
these operators are presented.

1. Introduction

Atanassov [1] introduced the new concept of intuitionistic fuzzy set(IFS) in 1983 which

is an extenstion of fuzzy set(FS) initiated by Zadeh [20]. Meenakshi [9] studied the

theoretical developments of fuzzy matrices. Using the concept of IFS, Im et.al [6]

studied intuitionistic fuzzy matrix(IFM). Simultaneousely Khan et.al [8] defined the
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intuitionistic fuzzy matrix and Pal [13] conceived the intuitionistic fuzzy determinant,
studied some properties on it. IFM is a generalization of Fuzzy matrix introduced
by Thomason[18] and has been useful in dealing with areas such as decision making,
clusturing analysis, relational equations etc. Atanassov [3], using the definition of index
matrix, has paved way for intuitionistic fuzzy index matrix and has further extending it
to temporal intuitionistic fuzzy index matrix. IFM is also very useful in the discussion
of intuitionistic fuzzy relation [5, 10]. Xu [19] studied intuitionistic fuzzy value and also
IFMs. He defined intuitionistic fuzzy similarity relation and also utilized it in clusturing
analysis. A lot of research activities have been carried out over the years on IFMs in [7,
11, 14, 15, 21].

Atanassov introduced model operators in [2] which are meaningless in fuzzy set theory
and found a promising direction in research. Muthuraji et.al [12] studied some proper-
ties of model operators in IFM. Also they obtained a decomposition of an IFM. Shyamal
and Pal [17] introduced two binary operators for fuzzy matrices and studied their al-
gebraic properties. Sriram and Boobalan [4] investigated the algebraic properties and
studied the properties of IFMs in the case where these operations are combined with the
well known operations. In this paper, we present several properties on algebraic sum
. and algebraic product . of intuitionistic fuzzy matrix. Also some results on existing

operators along with these operators are presented.

2. Prelimineries

In this section, we refer to some basic definitions of intuitionistic fuzzy matrix that are
necessary for this paper.

Definition 2.1 [2] : Let a set X = {x1, 29, -+ ,z,} be fixed, then an intuitionistic
fuzzy set can be defined as A = {(x;, pa(z;),va(z;) — /x; € X}, which assigns to each
element z; a membership degree pu(z;) and a non membership degree v4(x;), with
condition:

0 < pal(x;) +va(z;) <1 forall z; € X.

Definition 2.2 [16] : An intuitionistic fuzzy matrix is a matrix of pairs A = ((#q;;, Va;;))
of non negative real numbers satisfying pq;; + vq,; <1 for all ¢ and j.
Definition 2.3 [11] : The m x n zero intuitionistic fuzzy matrix O is an intuitionistic

fuzzy matrix all of whose entries are (0,1). The m x n universal intuitionistic fuzzy
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matrix J is an intuitionistic fuzzy matrix all of whose entries are (1, 0).
bf Definition 2.4 [17] : Let A = ((tq,;,Va;;)) and B = ({ms,;, 1s,,)) be two intuitionistic

fuzzy matrices of order m x n. Then
(1) A® B = ((Ha;; + Hb;; — Has; Hbi;» VaijVs;;)) 1 called the algebraic sum of A and B.
(ii) A® B = ({{ay;Mb;; + Vby; — Vas;NUp,;)) is called the algebraic product of A and B.

Definition 2.5 [16] : In the following we define some special types of intuitionistic

fuzzy matrices. For an intuitionistic fuzzy matrix of order n,
(i) A is symmetric if and only if AT = A.
(ii) A is reflexive if and only if (pq,;v4,;,) = (1,0) for all i.
(iii) A is irreflexive if and only if (uq,;, Va,;) = (0,1) for all 7.
(iv) A is identity if (uia,;, va,;) = (0,1) for all i # j and (jq,;, Va;;) = (1,0 for all 4.

An identity intuitionistic fuzzy matrix of n is denoted by I,,.

Definition 2.6 [16] : Let A and B be two intuitionistic fuzzy matrices such that
A = ((Mas;» Vai;))-B = ((Vby;, ;) then we write A < B if and only if p,,; < v,,; and
Va;; > W, for all 4, 7.

Definition 2.7 [16] : Let A and B are two intuitionistic fuzzy matrices, such that

A= <<:U'0«ij? Vﬂij)) B = (<lubij7ybij>) then
AV B = (<ma‘x(luaij’lu’bij)7 min(yaij7 Vbij)>)

ANB = (<min(luaij ) :ubij)v max(yaij’ Vbij)>)‘

Definition 2.8 [16] : The complement of an intuitionistic fuzzy matrix A which is
denoted by A° and is defined by A® = ((V4,;, ta;;)) for all i, j.

Definition 2.9 [16] : If A = ((1q,;,Va;;)) s an m x n intuitionistic fuzzy matrix, then
the n x m intuitionistic fuzzy matrix is AT = ((,ua;j, I/a;j» where Haf, = Haji Vaj, =

Vaj;, 1]lei < m, 1]lejllen is called the transpose of A.
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3. Main Results
In this section, some properties of intuitionistic fuzzy matrices over the operators alge-
braic Sum @, algebraic product ® and some pre-defined operators are presented.

Proposition 3.1 : If A and B are two intuitionistic fuzzy matrices of same order, then
(i) If A and B are symmetric, then so are A® B and A ® B.
(ii) If A and B are nearly irreflexive, then so are A ® B and A x B.

Proof : (i) Let A = ({ta,;,Va;;)) and B = ({u1p;,, v,;)) be two symmetric intuitionistic
fuzzy matrices.
Therefore jiq,; = pa;;, Vay; = Vay;-

Let ¢;j be the i7" element of A @ B. Then
Cij = </‘Laij + Hb;; — Haij b5 Vag; Vbij>
= <Maji Tt Moy — HajiHbis Va; Vbij>
= Cjj-

Hence, A ® B is symmetric.
Similarly, we prove A ® B is symmetric.

(ii) Since A and B are nearly irreflexive

i'ev /‘La“' S Maija Va“' Z Vaij
Hbii = Hbij> Vbiy 2 Vb

Let c;; be the ij'" element of A ® B

ey — Meyy = (/’Laij + Hb;; — Hay; sz‘j) - (Mau‘ + by — Naiiubii)
= (1 - :uau')(l - /’I’bii) - (1 - :U’aij)(l - /~Lbn')
)

as 1 — pg;; 21— pg; and 1 — pp,; > 1 — g, .
i.e. Heij = Heg -

Veyy = Veyy = VayVhiyy — VayVby
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Veyg 2 Ve

Hence, A ® B is nearly irreflexive.
Similarly, we prove A ® B is nearly irreflexive. a
Theorem 3.2 : Let A, B and C be three intuitionistic fuzzy matrices of order n x n .

Then
(i) (Ae B)T = AT ¢ BT.
(ii) (A® B)T = AT @ BT.
(ifi) If A< B then (A® C) < (B&C) and (A® C) < (B® C).

Proof : (i) Let ¢;; and d;; be the i elements of A ® B and AT ® BT respectively.
Then

cij = (<:U’az‘j + ,ubij - Maijﬂbija Vaijybij>)
dij = (<:uaji + Hoj; — Haji b Vajiybji>)
= Cj’i

= ij" element of (A® B)T.

Therefore, (A® B)' = AT @ BT.
(ii) Let ¢;; and d;; be the ij'" elements of A® B and AT ® BT respectively. Then

cij = ((KaiHbysVai; + Vb — VaVey;))
dij = (</‘La]’ilu“bji7 Vaj; + Vbj; — Vajiybji>)
prnd Cji

= ij" element of (A® B)T.

Therefore, (A® B)T = AT @ BT,
(iii) Let djj;,esj, fi; and g;; be the it elements of A® C,B® C,A® C and B x C
respectively. Then

dij = ((Has; + Heiy = Hagjbei; VaiVei;)
€ij = (o + Heyy = HbgyHeijs Vo Vey;))
fiig = ({Hay + Heyy» Vag; + Ve — VayVeiy))
9ij = (<Mbijucij, Upj + Veyy — l/bijl/ciﬂ)
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since A < B, ig;; < pip,; and vg,; > vy,
Then,

Naij(l - lu’Cij) < ubij(]‘ - luCij)’VaijVCij 2 Up,; Ve
luai]' + ,ucij - /.Laij/,LCij S Mbij + /J’Ci]' - /’Lbij,ucija Vaij Vcij Z Z/bij l/cij
i.e. dij < ey for all i, 7.
Hence, (A C) < (Ba C).
Similarly, we prove (A® C) < (B® C). O

Theorem 3.3 : For any n X n intuitionistic fuzzy matrix A,
(i) I, ® (A @ AT) is reflexive and symmetric
(ii) A @ AT is nearly irreflexive and symmetric
(iii) I, @ (A AT) =1, v (A AT).
Proof: (i) Ae A" = ((Hayy + Haji = HaijHaji> Vag;Vay;)) and I & (A @ AT) = [ry;] where
ri; = 1 and
Tij = (</’Laij + Mfl]’i - /"Laij:u‘llji'yaijyaji>)

Now,

Tji = (<:uaji + Ha;; — /’Lajilu’aij‘l/ajiyaij>)

i.e, each diagonal element of I, ® (A ® AT) is (1,0) and all non-diagonal elements are
,Ufaij + ,Ufaji - :u’aij Maji7 Vaij Vaji-

Hence, I,, ® (A @ A7) is reflexive and also symmetric.

(ii) Let R = A @ AT,

i.e, 7ij = ((ftay; + Haj; — Mag;Hajis Vai;Vay;)) = Tji- Therefore, R is symmetric.

Since A is nearly irreflexive, pa,; < pa,;-

Therefore 1 — puq;; > 1 — pg,; and vg,; > v,
1 —vg, <1—vy,;.

Now,rij —rii = Va; -
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iii) I, ® (A @ AT) = [r;;] where r; = (1,0
J

Tij = (</’(’aij t Maj; = HagjMaj;s Vaijyaji>)7i #J

LV (Aa AT) = ((max[(1,0), ftay; + fhay; = Hag;Hay:), min[(0, 1), Ve, va;,]))
= (1,0),i=3j

((Has; + Haji = BagjHagi Va;Vaji))st 7 J
= [ril-

Hence, I,, ® (A® AT) =1, v (A AT).

Proposition 3.4 : If A and B are two intuitionistic fuzzy matrices. Then
(i) (A@ B)* < A°@ B°.
(i) (A® B)¢ > A°® B*.
Proof : (i) (A® B)® = (v, v, + ey, + sy — fasy o ))-
A°® B = ((Vaytay;)) & ((Vo; 1))
= ((Vay; + Vby; — Vay;Vbij» Hay; Haiy)
since Vg, ;Vn,;; < Va;; + Uby; — Vay; Vb,
Paij + Moy = Hagj Mo = HaggHag; -

Hence , (A® B)¢ < A° @ B°.
(ii) (A ® B)C = ((Vaij + Vbyy — Vaijybij7iuaijlu‘bij>)

A°® B = ((Vaijluaij>) ® (<Vbijlu’bij>)
since Vg,; + Vb,; — Vay;Vb;; = Vag;Vbi;
Maijﬂaij < :u'aij + ,U’bij - Naijlufbij-

Hence , (A x B)¢ > A° ® B°.

Theorem 3.5 : If A and B are two intuitionistic fuzzy matrices. Then

(i) A®B > (AV B)

43
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(i) A® B< (AV B)
Proof : (1) A (&) B = (<Naij + Nbij - Maijﬂbija Vaij Vbij))
aV B = ((max(pa,;, t,;), min(va,;, vs,;)))

Pai; + by (L= fai;) 2 Hay
Ma,; + Hb;; — Haij Hb;; =
Hag; + Moy = Hag; Mo = max(,u,aij’ubij)

VayVoy; < Min(ve,,, v, ).

Hence A® B > (AV B).
(i) A® B = (</"Laij + Hbijs Vag; + Vb — Vaijybij>)

a \/ B = (<max(,uaij,,ubij), min(yaij’ Vbij)>)

Va; + Vbij(]‘ - Vaij) < Va;

Vaij + Vbi; — VaiVhy; =

Uby; + l/aij(]‘ - Vbij) < Vb
min(va,;, Vb,;) < Vay; + Vi, — Vay Vo,
max(uaijﬂubij) > Hagj b -

Hence A® B < (AV B). O
Theorem 3.6 : If A and B are two intuitionistic fuzzy matrices. Then

(i) A B> (ANB)

(i) A B< (AAB)
Proof: (i) A® B = (<lu’aij Tt Hby; = Hagj ;s Vag, Vbij))

AN B = (min(pa;; + p,; ), max(Va,;, vy

ij

Hai; + Nbij(l - luaij) > Ha;;
Haij + Ho;; — Hagj b —
'ub'ij + :uaij(]‘ - ,UbL]) Z Mbu

Hai; + by — Haij Hb; > min(ﬂaij ) Mbij)
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Vay; Vb < max(vg,, Vp,,

Hence A® B > (A A B).

(i) A® B = <<F‘aij Pbijs Vai; + Voiy — Vai; Vb

Va;; + Vbij(l - Vaij) < Va,;
Vagj + Vby; — NUMGg; Vb, =
Vbi; T thij(l - l/bz'j) < Vbyj
mMax(Va, ;> Vb,;) < Vay;Vby; — Vai; Vb,
Vay; + Vb; — VaijVn,; = max(va,;vp,;0

J

Hence A® B < (a V B). O
Proposition 3.7 : If A and B are two intuitionistic fuzzy matrices, then AQ B < A® B.
Proof : A® B = ((Ha;; + Hb;; — Hay; Hb;j» VaijVs,;) Tor all 4, 5.

A® B = ((Haj;; Hb;; > Vas; + Voy; — Vag;Vby; for all i, j.
Assume that pg,; iy, < flay; + Moy — Hagj b,
i'e':u'aij + /’Lbij - Maijlubi]' - /,Laijﬂbij Z 0.

Naij(l - lu’bij) + :U’bij(l - /‘Laij) >0

which is true as 0 < Pay; < land 0 < Pby; < 1.

Also assume that vg,; + U, — Va,;Vby; = Vay;Vby;

> 0.

L.e.Va,; + Vb, — Va;jVby; — Vai;Vby; =
Vaij(l - Vbij) + Vﬁij(l - Vaij) >0

which is true as 0 < Va;; < land 0 < Vb, < 1.
Hence a® B < A® B.
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