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SOME OPERATIONS OVER INTUITIONISTIC FUZZY MATRICES
BASED ON HAMACHER T-NORM AND T-CONORM

I. SILAMBARASAN', S. SRIRAM?, §

ABSTRACT. In this paper, we define the Hamacher scalar multiplication and Hamacher
exponentiation operations on Intuitionistic fuzzy matrices and also we construct n., A
and A”""™ of an intuitionistic fuzzy matrix A and studied the algebraic properties of
these operations.
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1. INTRODUCTION

The concept of intuitionistic fuzzy sets (IFSs) proposed by Atanassov [1], is an im-
portant tool dealing with imperfect and imprecise information. An intuitionistic fuzzy
set gives the membership degree and non membership degree to describe the level of an
element belonging to a set. Based on a t-norm (T) and t-conorm (T%*), a generalized
union and a generalized intersection of IFSs were introduced by Deschrijver and Kerre
[2]. Huang [5] introduced some operations on the IFSs, such as Hamacher sum, Hamacher
product, Hamacher exponentiation, etc., and investigated the multiple attribute decision
making problem based on the Hamacher aggregation operators with intuitionistic fuzzy
information.

In [12] Pal introduced intuitionistic fuzzy determinant. Khan et al.[8] introduced in-
tuitionistic fuzzy matrices and determined distance between intuitionistic fuzzy matrices
(IFMs). Simultaneously, Im et al. [6,7] defined the notion of intuitionistic fuzzy matrix
as a generalization of fuzzy matrix. Also they studied the adjoint of square intuitionistic
fuzzy matrix and its properties. Mondal and Pal [10] studied the similarity relations , to-
gether with invertibility conditions and eigenvalues of IFMs. Emam and Fndh [3] defined
some kinds of IFMs, the max-min and min-max composition of IFMs. Also, they derived
several important results of these compositions and construct an idempotent IFM from
any given one through the min-max composition. Zhang [20] studied intuitionistic fuzzy
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value and introduced the concept of composition two IFMs. Sriram and Boobalan [17,18]
studied the properties of algebraic sum and algebraic product of IFMs and prove that the
set of all IFMs form a commutative monoid. Muthuraji et al. [11] obtain a decomposition
of an intuitionistic fuzzy matrix by using the new composition operator and modal oper-
ators. In[15], we defined Hamacher operations of fuzzy matrices(FMs) and investigated
their algebraic properties. Also , they extended Hamacher operations of FMs to IFMs
[16].

The paper is organized as follows: In section 2,the basic concepts of IFMs and some
existing operations over IFMs. In section 3, we define Hamacher scalar multiplication and
Hamacher exponentiation operations on IFMs and also we construct n., A and A™*™ of an
intuitionistic fuzzy matrix A and studied the algebraic properties of these operations.

2. PRELIMINARIES AND DEFINITIONS

In this section, the basic concepts of intuitionistic fuzzy matrices and some existing
operations over IFMs.

Definition 2.1. [8] An intuitionistic fuzzy matrix is a matrix of pairs A = (<aij, a;j>>,

where a;; and aéj are the membership and non-membership matrix of the ij*" element in
A satisfying the condition 0 < a;; + a;j <1 for all 4, j.

Khan et al.[8] described some operations over IFMs as follows:
Definition 2.2. Let A = <<aij, a;j>> ,B = (<bij, b;j>> be two IFMs of same size, then
e AVB= <<max(aij, bm’), min(agj, b;])>> ,
AANB = <<min(a¢j,b¢j),max(agj,bgj)>> ,

- ({dyn),

o A< Biff a;; < b and a;-j < b;j,
A®B= <<(1ij + bij — a;;bij, a;jb;j>>7
A®B= <<aijbija aj; + by — a;jb;j>>'

Sriram and Boobalan [17], further defined the following operations over IFMs.

Definition 2.3. The scalar multiplication operation over an IFM A is denoted by nA and

is defined by
nA = (<1 —(L—ay)", (aéj)n>)
Where n is any positive integer.

Definition 2.4. The exponentiation operation over an IFM A is denoted by A™ and is

defined by
a= (o)1~ - ag))
Where n is any positive integer.

Hamacher operations: T-norm and t-conorm are important notions in fuzzy set
theory, Hamacher operations [4] include the Hamacher product and the Hamacher sum,
they are defined as follows:

Hamacher product ® is a t — norm and Hamacher sum @ is a t — conorm, where
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ab
T(a,b) =a®b= Ly >0
@) =0t = arb—ab)
b—ab—(1—")ab
T"F(a,b):aEBb:a+ ab— (1= 7)a >0

1—(1—~)ab T
In particular for v = 1, Hamacher ¢t —norm and ¢t — conorm will be reduced to the algebraic
t — norm and t — conorm

T(a,b) =a®b=ab
T*(a,b) =a®b=a+b—ab

respectively, using these operations Shyamal and Pal [14] defined the algebraic operations
on fuzzy matrices.

When v = 2, then Hamacher ¢ — norm and ¢t — conorm will be reduced to the Einstein
t — norm and t — conorm

ab
T(a,b) = b=
(@.0) =a©b= 17— 57
. B _a+b
T*(a,b) =a® b= T ab

respectively, using these operations Selvarajan et al. [13] defined Einstein operations of
fuzzy matrices.
We have defined Hamacher operations of Intuitionistic fuzzy matrices as follows[16].

Definition 2.5. Let A = (<aij,a§j>> ,B = <<bij,bl'

zj>> be any two IFMs of same size,

then

(i) The Hamacher sum of A and B is defined by

A Dy B = Cijs
<1> O> 5 Zf <aij7 a;j> = <1a 0> ) <bij7 b;j> = <17 0>
where ¢;; = b — Qa0 al.bl.
VT (b ey S otherwise
ijVij ij T Vi — Q505

for all 4, j.

(ii) The Hamacher product of A and B is defined by
AGy B= Cijs
where ¢;; = aijbij a;j + b;j — 2a2jb;j otherwise

aij + bij - aijbij’ 1-— agjb;j ’

for all 4, j.

3. SOME OPERATIONS OVER INTUITIONISTIC FUZZY MATRIX BASED ON HAMACHER
T-NORM AND T-CONORM

In this section, we define Hamacher scalar multiplication and Hamacher exponentiation
operations on IFMs and also we construct n., A and A™*™ of an intuitionistic fuzzy matrix
A and studied the algebraic properties of these operations.

Based on the Definition 2.5 and Hamacher operations of IFMs, we can get the following
results.

Theorem 3.1. Let A = <<a¢j, a§j>> ,B = <<bz b >) be any two IFMs of same size,

70 Y13
then A®y B and A ®g B calculated are also IFMs.
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Proof. For two IFMs A = <<aij,a;j>) and B = (<bij,b’-

Zj>>, the following relations are
evident:

0<a; <1, 0<aj;<1, 0<a;+a;<1:

Ogbijgl, Ogb;jﬁl, OSbij—‘y-b;jSl.
Then it follows that:

aij = aijbij, by = agbiy, 1= aizbi; = 0.

1> a;jb;j >0, agj > a’ijb;j, b;j > a;jbgj.
Which indicates that

aij + bij — 2a45bij = aij — aijbi; + bij — aijai; = 0,

1-— al-jbij >0, a;j + b;j — agjb’ij > 0.
Thus

aij + bij — 2a;5bi; a;;bi;

, > 0.
1-— aijbij a;j + béj — a;jb;j
Since 1-— a,-jbij - (CLZ']‘ + bz‘j - 2aijb,-j) =1- aij - bl‘j + aijbij = (1 - aij)(l - bij) Z 0,
/ / /AN A VA | ! / /N
we have o
aij + bij — 2ai;bi; ai;bi;

) <1
1 — a;;b;; ai; + bl — ag;b;

It is obvious that 0 < a;j <1-a,0< b;j <1 - b,

So we can get:

a;;bi; _ (1 —ai)(1 - bij)
agj + b;j — a;jbgj 1 — a;jbij '
Then it follows: o
aij + bij — 2ai;bi; ai;bij
1— aijbij agj + béj — aéjb;j
< @i by —2aiby | (1—aiy)( —by) _1—aiby _
- 1-— aijbij 1-— aijbij 1-— al-jbij
Hence o
0< ai; + bz‘j — 2a,~jbij <1, 0< : a/ijbz'j < !
1-— ai]’bij o aij + bij — aijbij
0 < %t bis = 205by : “/ijbz'j <1
o 1-— aijbij a;; + bz’j — aijbij
Similarly, we can also get:
/ / / /
1-— aijbij a;; + bij — aijb,-j
ai;bij ai + b — 2aiby
- a5 + bij — aijb;j 1-— a;jb;j -
Therefore, both of A ®y B and A ®y B are IFMs. O

Theorem 3.2. If n is any positive integer and A is an IFM, then the Hamacher scalar
multiplication operation is

npA=A®y ..o A= s “ (3.1)
KNGl 1+ (n—1)ay n—(n—1)a, )

n J

Proof. Mathematical induction can be used to prove that the above equation (3.1) holds
for all positive integer n. The equation (3.1) is called P(n).
when n=2, we have,
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aij + a5 — 2aijaz] a2]a1]
AL A= ;
1-— Q5 Qg5 a -+ a ”azj

2
i (ot

1—ad; " ai(2 - ay)

_ Qaij aij
1 + aij’ 2 — aij

204 a;
1+ (2 a2 - (2 - 1)d;
P(n) holds when n=2.

Suppose that equation (3.1) holds for n = m,

o al.
o) maA= A, .. oy A= i .
(i.e) m.p Dh ... On <<1_{_(m_l)aij’m—(m—l)a;j>>7

then we have: ()2
_ _ ([ @ii(m+ 1)1 — ay) @

/
_ (/[ (m+Day i
1+maij ’m—l—l—ma’-j
_ (m + 1)ai a;
m—l—l —1Ja;" m+1—[(m+ 1) — 1]aj;

a.
So,whenn=m+1,n,A=A®), .0, A= naZ] i : 7
\—\/—’ CLZ] n— (n— 1)@.].

also holds. Using the induction hypothe81s that P(n) holds for any positive integer n. [

\/\/

Similarly, we can prove the following theorem.

Theorem 3.3. If n is any positive integer and A is an IFM, then the Hamacher expo-
nentiation operation is

/
AMT = A @y ... O A= % " (3.2)
—_—— n—(n—1a; 1+ (n—1)aj

Next, we prove the result of n., 4 and A" are also IFMs.

Theorem 3.4. Let n be any positive integer and A be an IFM, then n., A and A™™ are
also IFMs.

Proof. Since 0 < a;; < 1,0 < a;j <1,0 <ay+ a;j <l1l,and n > 1,
we have:

(n— 1)a,~j > —1, 1+ (n— 1)a,~j > 0,
n—(n—1a; = (1—aj)n+aj; >a; <0.
s o
Y >0, e > 0.
14+ (n—1aj; — "n—(n—1a; —
Considering that 1+ (n — 1)a;; = na;; + 1 — aij; > nayj
and n — (n — L)aj; = aj; + n(l — aj;) > a;;, we get:

Then it is easy to get that

’L]’
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/
naij ij
<1, <1

1+ (m—1aj; ~ "n—(n—1a; ~

For a;; + a;j <1,0< a;j <1 — ajj, it can be got that:

/
i B i B L) B —1
1+ (n—1aj; n—(m-1a; 1+ (n—1)a; ——(n—1)
ij
Thus ,
nag; ij
0<— 4 <1, o< <1
T 14+ (n—1ay; — " n—(n-1aj; ~
/
nai; ij
0< + <1
1+ (n—1ay; n—(n—1aj
Similarly, we can also get,
aij naj;
0< — <1, 0< —— < 1.
n—(n—1)a; 1+ (n—1)aj;
/
.. na' -
0< Qg + ij / <1
n—(n—1ay; 1+ (n—1)a;
Therefore , n., A and A”»" are IFMs. O
It can be easily prove that the following Theorems.
Theorem 3.5. Let A = <<aij,a§j>> <<b2],bw>) be any two IFMs of same size,
then

(i) Aoy B = (A® @y BY)C,

(i1)A ©y B = (A oy B)C.

Theorem 3.6. For any IFM A and for any positive integer n, then
AN = (0, ASYC n, A = ((AC)Mm)C,

Theorem 3.7. Let A = <<aw, ”>> B = <<bw,bw>) be any two IFMs of same size,
and n,ny,ny be positive integers, then

(i)n1.8A S n2.pA = (n1 +n2) .1 A,

(m)(n hA) Dy (n hB) =n. h(A Dy B)

(”Z)A/\hnl O AN2 = A/\h(nl+n2)7

(V) A" g BN = (Ao BY™,
(’U ng.h(nl.hA) = (anlg).hA,
(wi) (A" = el

Proof. By Definition 2.5, Theorem 3.2 and Theorem 3.3, we have:

(1) m1nd = <<1+(n1% Day n1 = (:fj— 1)a;j>> (b))
o= ( (e o)) = (o)

By C = | ( Vit cu—2bic i >

1—bijcz-j 7b;j+6 —bg] ij
We can further get:
bij + ¢ij — 2bijcij

1-— bijcij
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nlaij 712(11']' _ nlaij ngaij
. 1+ (77,1 - l)aij 1+ (n2 — 1)aij 1+ (77,1 — 1)aij 1+ (ng — l)aij
- 1 n1a;; n2a;j

1+ (n1 — 1)aij 1+ (’I?Q — l)aij
_ (n1 + ng)aij
1+ (n1 + no — 1)6Lij

and ,
bijcij
b;j + cgj — b;jc;j
a;; aj
B n1 — (n1 — 1)aj; no — (n2 — 1)aj;
a aj + aij _ % i
ni — (n1 — 1)%' n2 = (n2 = Daj; — na — (m = Daj;nz — (ng — 1)aj
(n1+ng) — (N1 +nao — 1)%
) (n1 —|—n2)ai~ a,i'
Since (ny + n9).pA = z ) ! J
( 1 2) h 1+ (n1 + ng — 1)a7;j (N1 + n2) — (nl +ng — 1)(123'

we can finally get (ni.,A) &g (n2.pA) = (n1 + na).pA.

(iii) Considering Theorem 3.5 and Theorem 3.6 and the property
(n1.nA) &g (n2.,A) = (n1 + n2).p A, we get the result
ANnm1 Of ANnn2 — ANAr(natn2)

(v) By Theorem 3.2 and Theorem 3.3, we have:

T o

J
nabi; by;
no.p(n1.pA) = ,
2 h( Lok ) 1+ (ng — 1)bij ng — (ng — 1)b;j
We can further get:
nagj
nabij _ Ty (n —1)ai; _ n1N2ai;
1+(n2—1)bi]’_1 _1$_1+(n1n2_1)aij
+ (n2 )1 + (n — 1)aij
and ,
a’ .
b, ey i
' B n—(n )aij B ai;
ng — (ng — 1)b; a;; ning — (ning — 1)aj;

ng — (ng — 1) ——————
n—(n—1)a

!/
. n1N20a4; ayj
Since (nin9).,A = ,
( ! 2) h << 1+ (n1n2 — 1)0,@']' ning — (n1n2 — 1)a§j >>
Hence, we get na.p(ni.pA) = (ning).nA. Proofs of (ii),(iv),(vi) and similar to those of

(). (). (v) -

Theorem 3.8. Let A = (<aij,a§j>) ,B = <<bz bl >) be any two IFMs of same size and

YRR

for any positive integer n, then
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(I)n-n(AA B) = (n.p,A) A (n.pB),

(@)n-n(AV B) = (n.,A) V (n.pB),
(11i) (A A B) ™ = AN A BT

(

W)(AV B)YM™ = ANy BAT,

Proof. Since (AN B) = <<min{aij,bij} ,max{ Z],b;]}>),then

(i) ny(AANB) = (<cij,c;j>> ,n.p A= <<dw,déj>> ,n.,B = (<€ij,e;j>>

(iii)

where
. /
e nlmindog b))
1+ (n — 1)(min {aij;, b }) n—(n—l)(max{ Zj’b;j})
we have
o — _ m(min{a;;, bij})
v 1 + (n — 1)(m1n {aij, bm})’
L na;j nbi;
T (- Dag 1+(n—1)bij}’
= mln {d'L]7 el]} ]
and

o (max{ l],b;]})
n—(n—l)(max{ Z],b;]})7

ij
/ /
a;; bl-j
= max , ,

n—(n—1)a;; n—(n—1)b;
= max {d;], U}
Thus, n.,(AA B) = (n.,A) A (n.,B).
Since (AA B) = <<m1n {aij,bij}, max{a bl }>>,then

’Lj’ ’Lj

(A B = (o)) A" = (1) 37 = (a1

where
. /
o (min {a;j, bij }) nd o — n(max{ aij, b%]})
ij = - i = ’
n= (n = 1)(minfaig, k) 1 (- 1) (max {aly, ;)
we have '
o — (min {aij, bi;})
Y n—(n—1)(min{ag, bij})’
= min i &Y
n—(n—1a; n—(n—1)by; |’
= min {d;;, €;;} .
and

o n(max{ Z],b;]})
Y 1—|—(n—1)(max{ ZJ,b;J})’
na;j nb;j
T T - Da T (- D [

_ !
= max {dw’ U}
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Thus, (A A B)AW™ = AM™ A BA™,
Proofs of (ii),(iv) are similar to those of (i) and (iii). O

i
then n > 0 be an integer. The operation n.p A is monotonically increasing with respect to
A and n. The operation A™™ is monotonically increasing with respect to A and decreasing

with respect to n.

Theorem 3.9. Let A = (<aij,a;j>> ,B = <<bij,b'-~>) be any two IFMs of same size,

Proof. Considering two functions p(x,y) = ﬁ and q(z,y) = m,
with z > 0, 0 <y <1, we compute their derivatives as:
— a2 2
Op_ yl-y) o O @lty) o
or (14 (z—1)y)? — dy (14 (x—1)y)?2 —
Jq y—1 J0q T
dr  (z—(z—-1y?*~ " 9y (v—(z—1y)?>~

So p(x,y) is increasing with respect to x and y.
q(x,y) is decreasing with x and increasing with y.

For two IFMs A = (<aij, a§j>) and B = <<bij, b’

1j>> VA< B= a;; < bij and a;j > b;]

Then we can get:

nag; nbz-j
) — < = bi;
p(n, a”) 1 + (n — 1)aij -1 + (n 1)()”' p(n, Z]),
al. b,

') = ' > Y = b,
q(n7a/7,]) n— (TL — 1)(1;] == (n — 1)1);] Q(nv z])?
aij bij

) — < _ D),
q<n7a”) n — (n — 1)a¢j T n— (n — 1)bij q(n ”)
. na;j - nbgj b
p(n,aiy) = 77 (n—1al; = 1+ (n—1)b; Pl b
Thus, n., A < n., B, AM™ < BA™,
Given two integers 0 < ny < ng, we have
n1a;; nab;j
ni,a;;) = < = p(na, bij),
p( ! l]) 1+ (n1 — 1)0,1']‘ -1+ (TLQ — 1)bl] p( 2 l])
(n1,dl;) = @ S bi; — q(na, 1)
G = o = = aly = g — (g — D, N
(Lij bij
q\ni, G;5) = < :qnab”7
( ! Z]) ny — (711 — l)aij no — (ng — 1)[)1']‘ ( 2 ZJ)
/ /
nia;; nob
p(n1, aj;) - > . = p(na, b;).

N 14 (n1—1ag; = 1+ (n2 — 1)b;

Thus, n1.pA < ng.p B, AMN™ < B2,

Therefore, we conclude that n.,A is monoyonically increasing with respect to A and n,
and the operation A”*™ is monotonically increasing with respect to A but decreasing with
respect to n. O

Theorem 3.10. Let A = <<aij,a;j>) ,B = (<bij,b;j>) be any two IFMs of same size,
then A B< A®y B<A®B,A0B< Aoy B<A®B.

Proof. Let f(x,y),g(x,y), h(z,y) and k(z,y) be four functions defined in [0, 1] x [0, 1] as:
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_:U+y—2xy _ Ty
f(x,y)—ilixy ,g(xyy)—7x+y7xy
h(ZE,y) =y, k($,y) = 33+y - XY, then f(xvy) - h(il?,y) Z 07

f(z,y) = Mz,y) <0,9(z,y) = hz,y) > 0, k(z,y) — g(x,y) >0
From all above we can conclude that h(x,y) < f(z,y) < k(x,y),

h(z,y) < g(z,y) < k(z,y),
Hence,

h(aij, bij) < f(aiz, biz) < k(aiz, biz)

ai; + bi; — 2a;
an < . 1 Uaz]bz]” . S @i +bl] al]bl]‘
albl. = ab~ <al, +b,.—al.b
9T G b —alp T T
h(aij, bij) < g(al], l]) k:(au, biz)
a;
aijbij = CAd < a5 + bij — ag;bi;.

Qi +b1] aijbij ,
h( Zj’ zg) f( zg’ zg) <k( 'L]’bz])

a +b’ — 2al b

/ 7/.7 7'] / /
a; b <a +b —al.bl..
iy — _ / ©j 1]
1 a”bw

Based on the partial order, we have

AOB<A®ygB<A®B AOB<AGygB<A®B.

Theorem 3.10 tells the truth that our developed addition and multiplication operations
are neutral between two operations A ® B and A ® B defined in Definition 2.2 O

We can prove that the following theorem establish the relation between nA and n., A,
then A™ and A",

Theorem 3.11. For any IFM A and for any positive integer n, then we have:
nA<np,A< A", nA<AMT A" for0<n>1:
A" <njpA<nA, A" < AM" <nA, forn > 1.

4. CONCLUSIONS

In this paper, we have defined Hamacher scalar multiplication and Hamacher exponen-
tiation operations on IFMs and also we constructed n.,A and A”*™ of an intuitionistic
fuzzy matrix A and studied the algebraic properties of these operations.It is worth to
point out that the proposed Hamacher operations over IFMs will be applied to aggregat-
ing Pythagorean fuzzy information in the future.
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