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Abstract

In this paper, the authors defined the Einstein operations of fuzzy matrices, intuitionistic fuzzy matrices and proved several properties of

them.
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1. Introduction

It is outstanding that lattices assume significant job in different
zones, for example, Arithmetic, Material science, Measurements,
Designing, Sociologies and numerous others. Be that as it may, we
can't effectively utilize established lattices in view of different
kinds of vulnerabilities present in certifiable circumstances.
Presently a days likelihood, Fluffy sets, Intuitionistic fluffy sets,
Unclear sets are utilized as Numerical instruments for managing
vulnerabilities. Fluffy lattices emerge in numerous applications,
one of which is as nearness frameworks of fluffy relations. A
fluffy network is a framework over the fluffy variable based math

=[0,1] under the fluffy activities defined by Zadeh in 1965 [8].
A few creators displayed various outcomes on fluffy grids. In
1977, Thomoson [6] examined the conduct of forces of fluffy
networks utilizing max-min sythesis. The hypothesis of fluffy
lattices was efficiently created by Kim and Roush in [2]. Ragab
and Emam [4] contemplated a few properties of the min-max
sytheses of fluffy networks; it tends to be viewed as the double of
max-min piece of fluffy lattices .Among the outstanding activities
which can be performed on fluffy frameworks are the tasks v, A
and complementation. Notwithstanding these tasks, the activities
@ and ©are presented by Shyamal and Buddy [5]. Additionally a
few properties on @ and (©, a few outcomes on existing
administrators alongside these activities are examined. Wang and
Liu[7] presented some Einstein activities of intuitionistic fluffy
sets and break down some alluring properties of the proposed
tasks. In this paper, we stretch out the Einstein activities to fluffy
lattices and demonstrated a few properties of them.

1.1. Fuzzy matrices

Definition: If A and B are two fuzzy matrices of same size,
where A = [a;;] and B = [b;;] then
(i) The Einstein sum of A and B is defined by A @, B =
[ aij+bij]
1+ai]-bij

(i) The Einstein product of A and B is defined by

- aijbij
40:8 = ||
Property 1.1: If A and B are two fuzzy matrices of same size,

thenA . B=>A 0O, B

Proof: The ijt" element of A @, B is a”+b” and that
Qijbij
b
of AQ, Bis # .
OF 1+(1—a;;)(1-byj)
Since a;; + b;j = 2a;;b;;

= anU + aijbl-j
2
2 aybi; + (aiby)
= a;;by; (1 + ayjby;)
Gythy o _
(1+ayjbiy) = ayby .1
> Gyby
Also a;;b;; = T (i=ay)(1-b)
-—--1.2)

From (1.1) and (1.2)

asl+(l-a;)A-b)=>1-

a;j+bij
(1+aijb,-j) -

a;jbij

T e (o) forall i and

Jj.

Hence, AG.B=>A0O.B
Propertyl. 2: For any fuzzy matrix 4,
DADA=A

(iDAQ.A<A
Proof: (i) The ijt" element of A @, A is

2a;j

2
1+a

Since 2 > (1 + a?)

2q;5 = a”(l +al])
2aj; .
T} = = a;;, foralliandj.

Hence, A @, A = A.
2

(ii) The ijth element of A O A is —2—;
1+(1-ay;)

. a?;
Slnce,T_"aU)2 <aiasi+(1-ay) =1
< a;;, forall i and j.

Hence, A O A < A.

The following properties are obvious. The operations the
Einstein sum @, and the Einstein product ©, are commutative as
well as associative.

Property 1.3: If A, B and C are three fuzzy matrices of same size,
then

(DAD.B=B® A

@in A ®; (B ®; 0O=(4 @SB) @ C

(iilA®Q,B=B O, A

(CHom
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((VAQ,(BO:CO)=(A0O:B) O, C. =ACOSBC.
Property 1.4: If A, B and C are three fuzzy matrices of same size Theorem 2.1: For any fuzzy matrices A and B of same size,
andifA<B then A, C< BPH.C, AO.C< BO,C. (DAAB)D, (AVB)=AD:B
Proof: Let d;j, e;;, fij and g;; be the ij*" elements of (@) (AAB) O (AVB)=A0OB
A®D,C,BP.C,AO, Cand B O C respectively. Then Proof:
L= @ij+Cij L= bijtcij (l) (A /\B) @g (A \Y B) = [min(aij, b”)] @g [max(aij,bij)]
U (ragiey) TTY O (14bye) b _ [min(aij,bij)+max(aij,bij)
aijCij ijCij = p
o= ——3d  and peo=m ——J 1+min(a; -,bi-)max ai-,bi-)
fo = a9 S ey humexta by
Since A SZB, aij Sblj Ihen, a,:j(l—Cij) Sbij(l—cij) - [Tubz]]
aij+bijci]-£bij+aijcij =A®£B-
aij + bUCLZJ + (1 + aijbi]-)cij < bl] + aijCiZj + (1 + al-jb,-]-)cij (“’) (A AB) Os (A \ B) = [min(aij; b[])] @g [max(aij; bu)]
aij + Cij + (aij + Ci]')bijcij < bU + Cij + (bl] + C,-j)al-jcij — min(aijrbij)max(aijvbij)
(a,:j + Cij)(l + bijcij) < (bl.] + Cij)(l + a,:]'C,:]') 1+(1_min(aii‘bii))(l_max(aij'bij))
agj+cj < bij+cij _ [ aijbij
(1+aijc”-) - (1+bijcij) - 1+max(1—aij,l—bij)min(l—aij,l—bij)
Thatis, d;; < e;;, forall i and j. _ [ aijbij
Hence, A®.C < B @, C. 1+(1-aij)(1-by)
Again, al-]-Cl-]- Sbijcij =A®gB
agjcij(2 = ci) < byjci(2 — cy) 3. Intuitionistic f tri
aijCij(z — Cij) — aijbijcij(l — Cij) < bijcij(z — Cij) — . nuraonistc Tuzzy matrices

ajbijcii(1 - cij)

aijey (2 = ey = by(1 = c)) < byjey (2= ey — ay (1~ cy)) pefinition: 114 = [a ] and & = [by. by are o

intuitionistic fuzzy matrices (IFMs) of same size, then

a;;cij (1 + (1 - bl])(l - Cij)) < bijCij (1 + (1 - aij)(l - (l) The Einstein sum of A and B is defined by

N _ [ay+by aj;bj;
Cu)) , A®:B = [1+ai,-bi,- " 1+(-ay)(-by)

il < Yy (i) The Einstein product of A and B is defined by
1+(1—_aij)(1—cij) 1+(1-byj)(1-cij) ayby; a b,
Thatis, f;; < g;; , forall i and j. AQO:B= [1+(1-a-]j)(j1-b-j) TG ]
Hence, A, C < B O, C. ‘ : n
The operations the Einstein sum @, and the Einstein product O, Lemmz)S.l Let aa,+bbe L0, 1];irl1)en maximum of
do not obey the De Morgan’s laws (over transpose). [1+(1—a)(1—b) ’ 1+ab ] = Irab
) (A®:B)"=A"®, B” Property 3.1: If A and B are two fuzzy matrices of same size,
(i) (A, B)T = AT ©, BT ,where AT is the transpose of A. then A, B = A O, B.
Proof: The ijt* element of A @, B is
2. Results on complement of fuzzy matrix (aii“’ii ) by )and that
T+aghy * 1+(1-ay)(1-bj)
The complement of 2 fuzzy matrix 15 used to analysis the of AQ.Bis (H(l_ailjll;i(jl_b”) ) 11” J’,bg, ) .
complement naturs of any svstem. For exzmple if 4 represents a__+b_‘_l” v a,_ba_lfj i
the crowdness of a network at a particular time period then its By lemma 3.1 1:&‘]:, = 1+(1_,;.},)l(]1_b,.) and
complement AC represents the cleamess at the same time period. a:’b:] N a;<+bij- )
Usmg the following results we can study the complement naturs 1+(1—a'-?)(]1—b'--) < —| oo foralli
ij ij -y

of 2 system with the help of original furzy matrix.
The operator complement obey the De Morgan's lzws for the
opetations the Emstem sum ¢, znd the Emstem product (5. This
iz estzblished i the following property. . >
Property 2.1: For any fuzzy matrices 4 and B of same size, (l) AD:A _<A
(D) (A @.5)° =4 O, BE 4044

J 0] = £ tan 2
(i) (4 O, B)F = A° @_ BF Proof: (i) The ijt" element of A @, A is (a"“‘z‘l e >
(i) (A @, B)S < A° @, BC _ , raj Oy
(i) (A @B = A @, BC, where A is the complement of Since 2 > (1 + af;)

and j
Hence, A@.B > A O, B.
Property 3.2: For any fuzzy matrix A,

A. Zaij Za”(1+a12])
. 7 iith C ; o
Proof: (i) The zcjl”b.glement of (4 26_3; 13 is 12+az,2 > qy, forall i and j.
_ ifbij = YU __ js equal the i
1+(1—aij)(1—bi)-) 1+(1—al~j)(1—bij) aij,z 2 , ) )
ijth element of A€ ©, B€. Hence (i) is hold. Also Ty S G S 4 forall iandj.
i i ith Ci
(ii) The ijt" element of (A O B)¢ is Hence, A @, A4 > A.
1— Cytby _ (-ay)(-by) oo equal the ijt™ element of (ii) It can proved similarly.
(1+ay;bij) (1+aijby;) A tan a?
A€ @, BC. Note: (AP 4) = [;Laz" , 1+(1lia¢_)z ]
Hence (ii) is hold. N . K R
(iii) From Property 1.1 A@®,B=>AQ,B. oA = |LFan) —Gag) 22
Then (A @, B)° < (A O, B)¢ (+ai?+(1-ai)? * (2-a};)2 + ay
= AC @, BC.

(iii) From Property 1.1, A®.,B=>A (O, B.

Similarly 3A = [
Then (4 ©, B)¢ > (4 @, B)®

3

(1+ay)®-(1-ay)® 2ajj
’ ' 3

(1+ai)+(1-aij)* " (2-a;)3 + ay;
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(1+a;)"—(1-a;)" 2a;" By the definition of Einstein sum,
In general nA = ! ! !
g (+ay)"+(1-ay)" " (2-aj)" +ayj" (nA®,nB) = [g}} — hjj 2Kkjj ]
& - ’
gij +hij " mj +kj )
Theorem 3.1 ® [nij — Djj 2qj ]
€ n n’ n n
L S . n; +pii - ot Qi
Let n be any positive integer and A be a intuitionistic fuzzy matrix - - e Pjj 2 i T 9
; TR ; i~ hij\ _ ( Dij=Pij ij ij
then nA is also an intuitionistic fuzzy matrix. 3 <gij+hij) ("ij+pij) ( G )( pv >
- gij — dij \ [ nij—pyj\ __2kjj 245
Proof +<gu+du>< "ii+pii> 1+<1 Cij+dij><1 Cii+dn‘>
- [gijnij —hj; pyj 2Kki;qij ]
Since 0< aU <1, 0< a i<1and 0<a; + a” <1, then gijij+ hipyj " myj rij+kiay;
m m
1-a; 2 au >0,1- a j=a; =0and (1—a;" = a,n. — | GFaipa+b®- (-ay)” A-bi)" , - 2aij b”n _
We have (42" (L) (1=2)" (A=b)™ * (2-aj) ) (2-bj; )+ ayy"by

o n
(1+ay)"—(1-aj)" (1+a)" - a;;

; and
(1+aij)“+(1—aij)“ (1+ai,~)"+ai]- n
n n
2ajj 2ajj
o\ n A\ n
(Z—aij ) + ajj (1+ai]— ) + ajj

(1+aj)"—(1-ay)" 2a;" <1
(1+aj)P+(1—aj)" (Z_H;j)“ﬂun =
Furthermore, we have
(ap)"-A-ay"” 2ajj
(1+aj)P+(1—aj)" (z—a;j)" +ay
(1-a)" 2a;"

(Z—a;j )n + a,]

m

o =1 iff aij:alfj:O.
(1+aij)"—
(1+aj)"+(1-a;)"

- =0 iff aU+a] 1

Theorem 3.2

Let A and B be intuitionistic fuzzy matrices of same order and n,
, My, N> 0 be positive integers, then

(i) n(AP,B) = nAD,nB.

(i) (A D, nxA) = (ny + ny)A.

(iii) (nq np) A =ny(ny A).

Proof
_ [ aij+by ajjbjj
(A®:5) = [1+aijbi,- " 1+(1-a)(1-by) ]
_ [@rag) aby) - (1-ay) a-by) 2a;;by
(1+ ajj ) (1+bij) + (1— ajj ) (1_bij) ’ (Z—a;j )(Z—b;j )+ a;jb;j
----- )

(1+ ay) (T+by) = ¢ (1- ay) (1-by) = dj

(2—a;)(2—by) =e;; and ayby; = f;

(A @S B) cij+ djj ’ fij+eij ]
By (1), it follows that

n(A®.B) =
n n n
cij— djj (L, i~ djj 2ejj
1+ — 1- —— 2
cij+ djj cij+ djj fij+ejj
0 [ n n
14 cijj— djj w1 cijj— djj 24 2ejj + 2ejj
cjj+ djj cij+ djj fijt+ejj fij+ejj

n n n
[ cij—djj 2ejj ]
n n ’ n n
cij+dfj * ffj +ejj

(1+a;j)" (1+bj)"— (1-a;;)" (1-b;j" 2ajj bjj
’ RN N B B
(1+aj)" (1+b)"+ (1-a)" (1-bj)" (z_aij) (z_bij) +ay by

: _ | @+ap)"-(1-ay)" 235"
Since, nA = ,  —
[(1+aij)"+(1—aij)" (2-ay) +ay ]
(1+by)"—(1-byy)" 2"
and nB = ! . 2 -
[(1+bij)"+(1—bij)n (20, ) + by ]
’ n
gy= (1+ap", hy= (A-ap", my=(2-ay) ky=
ai]-'
= n — n _ s\ _
ny= (1+by", py= (L=bp", ry=(2-by) a5 =

Hence n(A @,

(i) Since n;A= [

B) = nA @, nB.
(1+ai)"-(1-a;)™
(1+ami+(1-a;pm ’

n
2a;j t
;A\ mniq

(Z—aij) +a;;

nz
A= (1+ai)"2—(1-a;)"? 2a;j
2A = R ,
(ray)2+@-a)™  (2-a;;)" + 0™
ny
n; —
ny,np >0, =1 +ap™,dj=1—ay) ,fiy=

(2—a;)" e = ay™

’ n
gj=1+a", hy=1—a)",l;;=2—-a;) k=

a mz
ij
nlA '—”
CU+dU fijteij
gii— hi 2k;;
n,A = [ 9y~ hij i
gijt hij Lij+eij

By the definition of Einstein sum, it follows that
) () (o)
cjj+ djj 8ij+ hjj fij+ejj 15 +kjj
Cij gij—hyj\ 7 2ejj 2Kjj
1+<°i; )( gxi“‘lj) 1+(1_fii+iij)(1_'ij+‘]<n>
_ [Cijgij —djj hyj 2ejkj; ]
T gyt dijhy 7 fi Lrekyy

(ny A n4) =

Mnq+n
(1+aij)“1+“2 - (1—aij)“1+“2 2ajj 1z
ni+ny
1

L \n1+n
(1+aij)n1+n2 +(1_aij)n1+nz ’ (Z—aij) 1+n2

(N1 A@en2A) = (ng + np)A.
(1+a;)"2—(1-a;)"? 2a;"
(a2 +(1-ay)"2 " (2-q;; )" + "™

(iii) Since n,A =

Let =1+ al])“2 , A=A —ay", fij = (2 —
1] ) ij — al]
— | cij—dij _ 2eij
then n,A= [CU+ @ Tores ]
ny(npA) =

nqn;
(1+ai1-)”1”2— (1—aij)”1”2 2aj e
AENGEE

(A+a; )™Mz +(1-ag)™n2 ’ (Z—ai]-) 2 +ay; "

= (myny)A
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