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REMARKS ON THE MULTIPLICATIVE OPERATIONS OF
INTUITIONISTIC FUZZY MATRICES

D. VENKATESAN!, S. SRIRAM?, §

ABSTRACT. In this paper, using the definition of the multiplicative operations X; and
X5 of intuitionistic fuzzy matrices, we construct nA and A™ of an intuitionistic fuzzy
matrix A and establish their algebraic properties. Also, we discuss some results on nA
and A" combined with max-min and min-max compositions of intuitionistic fuzzy ma-
trices.

Keywords: Intuitionistic Fuzzy Set, Intuitionistic Fuzzy Matrix, Multiplicative Opera-
tions.

AMS Subject Classification: 94D05, 15B15, 15B99.

1. INTRODUCTION

Atanassov [1] introduced the concept of intuitionistic fuzzy set(IFS) which is the gener-
alization of fuzzy set introduced by Zadeh [14]. Since its appearance, intuitionistic fuzzy
set has been investigated by many researchers and applied to many fields, such as decision
making, clustering analysis etc., Using the fuzzy sets Kim and Roush [7] studied fuzzy
matrices as a generalization of matrices over the two element Boolean algebra. Im et
al. [5] defined the notion of intuitionistic fuzzy matrix(IFM) as a generalization of fuzzy
matrix. Simultaneously Pal et al. [6] defined the IFM . Shyamal and Pal [10] studied the
two new operators on fuzzy matrices and their desirable properties.

Boobalan and Sriram [3, 9] studied the algebraic sum and algebraic product of two
intuitionistic fuzzy matrices and their algebraic properties. Also they proved the set of
all intuitionistic fuzzy matrices forms a commutative monoid with respect to these op-
erations. Muthuraji et al. [8] introduced a new composition operator and studied the
desirable properties also obtained a decomposition of an IFM.

Emam and Fndh [4] defined some kinds of IFMs, the max-min and min-max compo-
sition of IFMs. Also they derived several important results by these compositions and
construct an idempotent intuitionistic fuzzy matrix from any given one through the min-
max composition.

Atanassov et al. [2] defined five novel operations from multiplicative type operations of
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intuitionistic fuzzy pairs and studied their algebraic properties. Venkatesan and Sriram
[11, 12] defined the multiplicative operations X1, X2, X3 and X4 of an IFMs and investi-
gated their desirable properties. In [13], they studied some new equalities connected with
IFMs and established their algebraic properties.

In this paper, in Section 2, we give to some basic definitions of IFM that are necessary
for this paper. In Section 3, using the definition of the multiplicative operations X; and Xs
of IFMs, In Section 4, we construct nA and A™ of an IFM A and establish their algebraic
properties. In Section 4, we discuss some results on nA and A" combined with max-min
and min-max compositions of IFMs.

2. PRELIMINARIES

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

Definition 2.1. [5] A intuitionistic fuzzy matriz(IFM) is a matriz of pairs
A= (<a¢j,a;j>> of a mon negative real numbers aij,a;j € [0,1] satisfying the condition
0 <aij +aj; <1 for alli,j.

Definition 2.2. [11] For any two IFMs A and B of the same size, we have
(i) The mazx-min composition of A and B is defined by

AV B = <<max(aij, bij), min(a;;, b;])>)

(i) The min-maz composition of A and B is defined by

ANB = (<min(aij, bij), max(aj;, b;J)>>

Definition 2.3. [11] For any two IFMs A and B of the same size, A > B iff a;; > bsj
and aj; < bi; for all i, j.

Definition 2.4. [11] The m x n zero IFM O is an IFM all of whose entries are (0,1).
The m x n universal IFM J is an IFM all of whose entries are (1,0).

Definition 2.5. [11] The complement of an IFM A which is denoted by AC and is defined
by AC = <<a§j,aij>) .

Definition 2.6. [9] For any two IFMs A and B of the same size, then we have

(’L)A @B = (<ai]’ + bij — aijbi]’, a;jb§j>> s

(ZZ)A ®B= <<a¢jbij, a;j + bgj — a’mbgj)>) .

3. MAIN RESULTS

In this section, using the definition of the multiplicative operations X; and X of IFMs,
we construct nA and A™ of an IFM A and establish their algebraic properties.

Definition 3.1. [11] For any two IFMs A and B of the same size, then we have
(i)AX1B = (<max(aij,bij),a§jb’ij>) )
(Z’L)AXQB = (<aijbij,max(a§j,b§j)>) .

Where'." is the ordinary multiplication.

Proposition 3.1. For any two IFMs A and B of the same size, then we have
(1)A® B < AX1B,
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(ii)A® B > AX2B.

Proof : (i) Let A = <<aij, a;j>> and B = <<bij, b;j>) , be IFMs of the same size,
AGB= (<al~jbi]~,a§j + b;j — a;jbgj>) and AXlB = <<max(a,~j, bij),a;jb2j>> .
Since, a;;bi; < max(aij, bij) and aj; + b}; — aj;by; > aj;bi;, for all 4, j.

Hence, A® B < AX:B.

(ii) The proof of (ii) is similar to that of (i).

/
K

Proposition 3.2. For any two IFMs A and B of the same size, then we have
(i)AXyB = (A° X, B9)°,

(ii))AX1B = (A® X, B€)C,

Proof : (i) From Definition 3.1, we have A°X; B¢ = <<max(a;j, bi), aijbij>> .
Then it follows that (A°X;BY)¢ = <<aijbij, max(a;;, b;J)>> = AX,B.

Hence, AXoB = (A°X,BY)C.

(ii) The proof of (ii) is similar to that of (i).

Remark 3.1. Based on the multiplicative operations defined in Definition 3.1, we can get
the following operations: For any IFM A = <<aij,a

/
ij

>> ,n > 0 is a positive integer, the

/] n

scalar multiplication operation is nA = AX,..X1A = <<aij,aij >> and the exponentia-
—_———

n
n

—_—
tion operation is A" = AXo.. XoA = <<a?j, a;j>) .

Proof : Let A = <<aij, a;j>> be an IFM and n > 0 is a positive integer. Then
AXiA =24 = <<aij, a;j2>) JAXIAX A = 34 = (<aij,agj3>)
In general, nA = AX;.. X1 A= <<aij, a;jn>>

n
n

L. ——N—
Similarly, we can get A" = AXs.. XoA = (<a?j,a;j>) .
The results of nA and A™ are also IFMs.

Proposition 3.3. For any IFM A, n > 0 is a positive integer, then we have
(i) A™ = (nA)°,
(ii) nA = ((A9)")C.

Proof : (i) Let A = <<aij, a;j>> be an IFM and n > 0 is a positive integer. Then

nA® = <<a;j,a?fj>)

(nA9)C = <<a?j,a2j>> = A"

Hence, A" = (nA®)°.

(ii) The proof of (ii) is similar to that of (i).

Proposition 3.4. For any two IFMs A and B of the same size, m > 0 and n > 0 be
positive integers. Then, the following desirable properties can be obtained algebraically:

(i) mAX1nA = (m+n)A,
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(ii) nAXinB = n(AXB).

Proof : (i) Let A and B be two IFMs of the same size, m > 0 and n > 0 be positive
integers. Then, we have mA = (<aij,a;jm>) and nA = (<aij,a;-j">) )

Hence, mAXnA = (<ai]~, a;jm+">> = (m+n)A.
(ii) By Definition 3.1, nAX1nB = (<max(ai]~7bij),a;jnb;-jn>) =n(AX1B).
Hence, nAX1nB = n(AX,B).

Proposition 3.5. For any two IFMs A and B of the same size, m > 0 and n > 0 be
positive integers. Then, we have

(i) AM X A" = AMTT

(ii) A" XoB™ = (AX2B)".

Proof : (i) From Proposition 3.2, Proposition 3.3 and the Proposition 3.4 (i), then we

have

AmXQAn = (mAC)CXg(nAC)C
= (mACXlnAC)C
=((m+ n)Ac)C.

Also, A+ = ((m +n)A%)°.
Hence, AM X, A" = A™+7,
(ii) From Proposition 3.2, Proposition 3.3 and the Proposition 3.4 (ii), then we have
A" Xy B" = (nA®)¢ Xo(nBY)¢
= (nA° X nBY)“
= (n(A° X, BY))°.
Also, (AX3B)" = (n(AXoB)%)Y = (n(A° X, BY))°.
Hence, A"XyB™ = (AXyB)"™.

Proposition 3.6. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have
(ii) A" X1B" = (AX1B)".

Proof : (i) By Definition 3.1, nAXsnB = (<aijbij,max(a;j”, b;j")>> = n(AX,B).
Hence, nAXonB = n(AXyB).
(ii) From Proposition 3.2, Proposition 3.3 and the Proposition 3.4 (ii), then we have
A"X | B" = (nA®)¢X;(nBY)¢

= (nA®XynBY)¢

= (n(A°X,BY))°.
Also, (AX1B)" = (n(AX1B)%)¢ = (n(A°X,B%))°.
Hence, A"X,B" = (AX,B)".

Proposition 3.7. For any IFM A, m > 0 and n > 0 be positive integers. Then, we have
(i) m(nA) = (mn)A,

(ii) (A™)" = A,

Proof : (i) m(nd) =m (<aij,a;j”>>

= (o))
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= (o))
= (mn)A.
Hence, m(nA) = (mn)A.
(ii) The proof of (ii) is similar to that of (i).

Proposition 3.8. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i) nA > nB,

(ii) A™ > B™.

Proof : (i) Let A and B be any two IFMs of the same size, n > 0 is a positive integer.
By Remark 3.1, nA = (<aij,a;j">) and nB = <<bij,b;j">> .

: / /
Since, a;; > b;; and aj; < b,
Hence, nA > nB.

(ii) The proof of (ii) is similar to that of (i).

I n ’n
we have a;; < bij .

4. RESULTS ON nA AND A" COMBINED WITH MAX-MIN AND MIN-MAX COMPOSITIONS
or IFMs

In this section, we discuss some results on nA and A" combined with max-min and
min-max compositions of intuitionistic fuzzy matrices.

Proposition 4.1. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i)n(AV B) =nAVnB,

(ii)n(A N B) =nAAnB.

Proof : (i) n(AV B) = (<max(a¢j,b¢j),min(aéjn,b;jn)

= (<(aij’a§jn>) v <<bij’b,”n>>
=nAVvVnB.

Hence, n(AV B) =nAV nB.
(ii) The proof of (ii) is similar to that of (i).

Proposition 4.2. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i) (AvV B)" = A"V B",

(ii)(AN B)" = A™ A B".

177 Vg 150 Vi

() ()
A" v B™.

Proof : (i) (A B)" = ((max(al}, by), min(a};, b)) ) )

Hence, n(AV B) = A" v B".
(ii) The proof of (ii) is similar to that of (i).

Proposition 4.3. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i)nA N (nAXinB) =nA,

(ii) A"V (A" X9 B™) = A™.
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Proof : (i) nANA (nRAXinB) = <<aw, ;]n>> A <<max(aij,bij), a;" by, n>)

- (<m1n(aijamax(aij’bij))’max(a"n a/"nb,"n)>)

ij 0 iy Yig
(C)
nA.

Hence, nA A (nAX1nB) = nA.

(ii) The proof of (ii) is similar to that of (i).

Proposition 4.4. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i)n(AX1B) > n(A A B),

(ii)n(AX2B) < n(AV B),

(iii)n(AX2B) < n(AA B),

(iv)n(AX1B) <n(AV B).

Proof : (i) n(AX;B) = <<max(az~j,bz~j), ag;" b, n)>) and
n(AAB) = <<min(a¢j,bij) max(al.", bl ")>>

i Vg
/nb/n rmopen

Since, max(a;j, b;j) > min(a;j,b;;) and a Ny

Hence, n(AX1B) > n(AA B),
(ii)n(AXyB) = (<aijbij,max(a’ " n)>) and

ij Vg

n(AV B) = <<max(aij,bij),m1n(a’ "l n)>> :

i 0 Yig
Since a;jb;; < max(a;j, bij) and max(a;j", b;]") > min(a;J", b;]") for all i, j.
Hence, n(AX2B) < n(AV B),
(111) Since, a,-jbij < min(aij, bij)u for all Z,j
Hence, n(AXQB) <n(AAB),
(iv), Since a};"b};" < min(a};", b};"
Hence, n(AXlB) <n(AV B).

Similarly, we can prove the following property.

< max(a ), for all 4, j.

), for all i, j.

Proposition 4.5. For any two IFMs A and B of the same size, n > 0 is a positive integer.
Then, we have

(i)(AX, B)" > (AN B,

(ii)(AX2B)" < (AV B)",

(iii)(AX2B)" < (AN B)",

(iv)(AX1B)" < (AV B)™.

Proposition 4.6. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

Proof : (i) n(AV B) VvV n( AXlB)
<max aij, bij min(a;J",b;Jn)>> v (<max(aij,bij), (a4.”bgj”)>>

=

(<max max a”,b”) maX(aij,bz’j))vmin(min(aijnabijn) &;jnb;jn)>)
(

n

<max aij, bij), ;]nb’ n>)
(AX,B).
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Hence, n(AV B) Vn(AXB) = n(AXB).
(ii) The proof of (ii) is similar to that of (i).

Proposition 4.7. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i)(AV B)"V (AX{B)" = (AX, B)",
(ii)(A A B)" A (AX5B)" = (AX,B)".

Proof: (i) (AV B ”\/(AXlB)

max(ag;, b} ), min(a z]?b;])>) (<max( afy, bfy), aijbi >)

)

(

<max max(aj, b ), max(agy, bj;)), min(min(aj;, bf;), a;;b;; >>
(

/
max(a ], bYy), ai;bi; >)

Hence, (A V B)” \Y (AXlB) = (AX1B)".
(ii) The proof of (ii) is similar to that of (i).

Proposition 4.8. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i)n(ANB)Xin(AV B) =n(AX1B),

(ii)n(A N B)Xon(AV B) =n(AX3B).

Proof : (i) n(AA B)X1n(AV B)
ln(aﬂa blj) max( lyna b;]n)>> Xl (<maX(aij7 blj)’ min(a‘ljnv bégn)>>

lnb/n

(C
= (<max(min(a1j,bij),max(aij,bij)),max(am bl )min(aijn,b;]")>)
(< max (awsz), ignb/ n>)

Hence, n(A AN B)Xin(AV B) =n(AXB).
(ii) The proof of (ii) is similar to that of (i).

Proposition 4.9. For any two IFMs A and B of the same size, n > 0 is a positive inte-
ger. Then, we have

(i)(ANB)"X1(AV B)" = (AX1B)",

(ii)(ANB)"Xo(AV B)" = (AX2B)".

Proof : (i) n(AA B) Xln(A\/B)
(<m1n ajy, b)), max(a Z],b;])>) X1 (<max( ajy, b)), min(a ”,bgj)>)

:( max(min(ajy, bj;), max(aj, bf;)), max(aj;, b;;) min(az;, by;)
= (<max apy, bi), ag;bi; >)

= (AX;B)".
Hence, (A A B)”Xl(A vV B)" = (AX1B)".
(ii) The proof of (ii) is similar to that of (i).

5. CONCLUSIONS

In this work, using the definition of the multiplicative operations X; and X of intu-
itionistic fuzzy matrices, we constructed nA and A™ of an intuitionistic fuzzy matrix A



D. VENKATESAN, S. SRIRAM: REMARKS ON THE MULTIPLICATIVE OPERATIONS ... 1123

and investigated their algebraic properties. Some results on nA and A" combined with
max-min and min-max compositions of intuitionistic fuzzy matrices are presented.
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