Intern. J. Fuzzy Mathematical Archive

ISSN: 2320 3242 (P), 2320 -3250 (online) Incernational Journel of

: = , = online .
Published on 31 July 2017 Fllzzy Mathematical
www.researchmathsci.org =

DOI: http://dx.doi.org/10.22457/iffma.v12n2a7 __Archive

Further Multiplicative Operations of Intuitionistic Fuzzy
Matrices

D.Venkatesan®and S.Sriram?

'Department of Mathematics
Annamalai University, Annamalainagar -608002, India
Email: venkat2733327@gmail.com
*Mathematics Wing, Directorate of Distance Education
Annamalai University, Annamalainagar -608002, India
Corresponding author. Email: ssm_3096@yahoo.co.in

Received 19 July 2017; accepted 30 July 2017
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1. Introduction
Atanassov [1] introduced the concept of intuitidicisfuzzy set (IFS) which is the
generalization of fuzzy set introduced by ZadeH.[&lnce its appearance, intuitionistic
fuzzy set has been investigated by many researehnerspplied to many fields, such as
decision making, clustering analysis etc. Usingftimy set theory, Kim and Roush [9]
studied fuzzy matrices as a generalization of medriover the two element Boolean
algebra. Using the theory of intuitionistic fuzzgtsim et al. [6] defined the notion of
intuitionistic fuzzy matrix (IFM) as a generalizati of fuzzy matrix.

IFM is very useful in the discustion ofditionistic fuzzy relation (IFR) [4,11].
Lee and Jeong [10] obtained a canonical form ofrmestive IFM. Sriram and Murugadas
[15] proved the set of all IFMs form a semiring lwiespect to max-min composition of
IFMs. Zhong et al. [20] constructed the intuitidiisfuzzy similarity matrix and then
utilize it to derive a method for clustering anadys

Simultaneously, Pal et al. [7] defined &M and Pal [14] introduced the
intuitionistic fuzzy determinant, studied some prd@s on it. Khan and Pal [8] studied
some operations on IFMs. Shyamal and Pal [17] ddfilne two new operators on fuzzy
matrices and studied their algebraic propertieseR#y, Pal [23,24] defines new kind of
fuzzy matrices. In these matrices rows and coluaneslso uncertain.

In Zhang and Zheng [22] defined two furpgrators and four cut sets for fuzzy

matrices and studied their algebraic propertiebBtan and Sriram [3,16] studied the
algebraic sum and algebraic product of two intaistic fuzzy matrices and their algebraic
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properties. Also they proved the set of all intuiistic fuzzy matrices forms a
commutative monoid with respect to these operations

Muthuraji et al. [12] introduced a newngmosition operator for IFMs and
studied the algebraic properties also obtainedcardposition of an IFM. Muthuraji and
Sriram [13] defined two operators namely Lukasiwitigjunction and conjunction for
IFMs and investigated its algebraic properties atslts which connects the above set
operators with the other existing operators.

Emam and Fndh [5] defined some kindsFdfl$, the max-min and min-max
composition of IFMs. Also they derived several imtpat results by these compositions
and constract an idempotent intuitionistic fuzzytimafrom any given one through the
min-max composition. In [2] Atanassov, five new uitibnistic fuzzy operations on
intuitionistic fuzzy sets containing multiplicatiamere introduced and their properties are
studied.

Venkatesan and Sriram [19] extended Miidtitive operations of IFMs of two
operators namely; andX, and investigated its algebraic properties. In plaiger, we
extend amoung two of these operations to IFMs anektigate their algebraic properties.

2. Preliminaries
In this section, we give to some basic definitiefisntuitionistic fuzzy matrix that are
necessary for this paper.

Definition 2.1. ([14]) Consider a matriXd = (a;j)mxn Wherea;; € [0,1], 1<i<m
andl <j < n. ThenA is fuzzy matrix.

Definition 2.2. ([6]) An intuitionistic fuzzy matrix(IFM) is a matrix gdairs

A = ({agj,a;;)) of anon negative real numbers satisfyig a;; + a;; < 1 for all i, j.

'

Definition 2.3. ([14]) For any two IFMs4A and B of same size, we have
(i) The max-min composition o and B is defined by

AVB = ((max (aij, bj), min (a;;, bl-]-))).

(i) The min-max composition ad and B is defined by

AANB = ((min (aj, bij), max (a;j, bl-j))).

Definition 2.4. ([14]) For any two IFMsA and B of same sized > B iff a;; > b;; and

a;; < b;; foralli, j.

'

Definition 2.5. ([3]) The m x n zero IFM O is an IFM all of whose entries a(e,1).
The m x n universal IFMJ is an IFM all of whose entries af&,0).

Definition 2.6. ([14]) The complement of an IFM which is denoted by¢ and is
defined by A€ = ((a;;.a;))).

Lemma 2.7. ([20]) Let a, b andc be real numbers. Then the following equalitiesihol
(i) max (a, min(a, b) = a, min(a, max(a, b)) = a.
(i) max(a, max(b, ¢)) = max(max(a, b),c), min (a, min(b,c) = min(min(a, b), c).
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Lemma 2.8. ([20]) Let a, b € [0,1], we have
(i) max (a, min (b, ¢)) = min(max(a, b) , max(a, c)),
min (a, max(b, c)) = max(min(a, b) , min(a, c)).
(i) max(a, b) max(a, c) < max(a, bc), min(a, b) min(a, ¢) = min(a, bc).

Definition 2.9. ([19]) For any two IFMsA andB of same size, then we define
(DAX,B = ((max (aij, bij), alfjbl-’]-)).

(ii)AX,B = ((ai,jbij,max (aij b))

a;jb;; and a;;b;; are the ordinary multiplications.

3. Main results
In this section, we difine operatios and X, of IFMs and investigate their algebraic
properties.

Definition 3.1. For any two IFMsA andB of same size, then we define
()AX;B = ((min (aij,bl-j),agjbi/j)).

(i)AX,B = (,(al-,jbij,min (aij bip))).

a;jb;; and a;;b;; are the ordinary multiplications.

Property 3.2. If A andB are any two IFMs of same size, we had&,B < AX;B.
Proof: Let A = ({a;j,a;;)) andB = ({b;, b;;)) be two IFMs of same size.
Sincea;;b;; < min(a;j, b;;) < max (a;j, b;;) andmin (aéj,béj) = alzjbl-’]-, for all i, j.
Hence,AX,B < AX3B.

Property 3.3. For any IFM 4, we have
(i) AX3A # A.
(ii) AX,A # A.
Proof: Let 4 = ({a;;, a;;)) be an IFM. Then
. ,2
(1) AXzA = ((aijzaij))
* ((aij,aéj))-
Hence,AX;A # A.
(i) AX4A = ((af;, a;;))
* ((aij;aij>)-
Hence,AX,A # A.

The following properties are obvious. The operati&p and X, are commutative as well
as associative.

Property 3.4. Let A,B andC be any three IFMs of same size, we have
(i) AX3B = BX;A.
(i) (AX3B)X5C = AX3(BX5C).
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(iii) AX,B = BX,A.
(”7) (AX4B)X4C = AX4(BX4C).

Property 3.5. For any three IFMs4, B and C of same size, we have
() Nullity: AX3] =J,AX,0 = 0.
(i) Identity: AX3;0 = A,AX,] = A.
(iii) Distributivity: AX3(BX,C) + (AX3B)X,(AX3;C) and
AX,(BX3C) # (AX,B)X5(AX,0).
(iv) Absorption:AX;(AX,B) + A andAX,(AX3B) # A.
Proof: (i) and (ii) are clear by the definition ofY; and X,.
(ii)) AX3(BX,C) = ((min (ay;, bjjc;j), a;ymin (byj,c;;)))
(AX3B)X,(AX;5C) = ((min (aij, bjj)max (a;j, ¢;j), max (al-jbl-j,aijcij)))
= ((max (aij, bij)min (a;j, ¢;;), a;; min (b}, cij)))
Sincemin(aij, bl]) max (al-j,cl-j) < min (ai]-, bijcij)' for all i, J
Hence,AX;(BX,C) + (AX3B)X,(AX;C).
Similarly we can prove the other one.
(iv) AX5(AX,B) = ((min (aij, aijbij), a;jmin (a;;, b;;) ))
= ({ayjbij, agymin (a;, b;;) )
* ((aij.aij>)-
Hence, AX;(AX,B) # A.
Similarly we can prove the other one.

4. Results on complement of IFM
The operator complement obey the De Morgan's lawthe operation&; andX,.
This is established in the following properties.

Property 4.1. For the IFMsA and B of same size, we have
(i) (AX3B)¢ = A°X,BC.
(ii) (AX,B)¢ = A°X;BC.
(iii) (AX3B)¢ < A°X3BC.
(iv) (AX,B)¢ < A°X,BC.
Proof: (i) (AX3B)C = (( agjbl/],mln (Cll‘]', bl])))
= A°X,BC.

Hence,(AX3B)¢ = A°X,BC.
(ii) (AX4B)¢ = ({min (a;;, by;) , a;jb;;))

= A°X;3BC.
Hence,(4X,B)¢ = A°X3BC .
(iit) Sincealtjbi’j < min(alfj,
(AX3B)¢ < A°X3B€.
The proof(iv) is similar to that of(iii).

b;;),min (a;;,b;j) = a;;b;; and from the Definition (2.4)

Property 4.2. For any IFM A, we have
(i) AX3AC + 0.
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(i) AX,AC #].
Proof: (i) AX;A¢ = ((min(a;;, a;;) , a;;a;;))
# (0,1).
Hence,AX;A¢ # 0.
(ii) AX,AC = ({a;;a;;, min(a;;, a;;)))
= (1,0).
Hence,AX,A¢ # J.

Property 4.3. For any IFM A, we have

() (AX349¢ = AX,AC.

(i) (AX,AS)C = AX3AC.

Proof: AX3A¢ = ((min(ay;, a;;),a;;a;;)) and AX,A¢ = ((a;;a;;, min(a;;, a;)))).

(i) (AX3A9¢ = ((aijaij,min(aij,aij)))

= ((aijaij;min(aij;aij»)
= AX,AC.

Hence, (AX3A¢)¢ = AX,AC.

(if) (AX,A)C = ((min(a;;, a;) , ajza;;))
= ((min(aij,aij),aijaij))
= AX3AC.

Hence, (AX,A%)¢ = AX;AC.

Property 4.4. For any two IFMsA and B of same size, we have

(D) (AX3A9)X3(AX3AC) + AX;AC.

(i) (AX4 AN X, (AXLAC) # AX,AC.

Proof: (i)(AX3A%)X3(AX3AC) = ((min(min(aij,alfj),min(aij,agj)),(al-jalf]-)z)).
AX3AC = ((min(aij,alij),alzjaij)).

Since (a;;a;,)? < ajja;;, for all i, j.

Hence, (AX3A%) X5 (AX3AC) = AX3AC.

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

5. Resultson X; and X, combined with max-min and min-max compositions of
IFMs

We shall discuss the absorption property in the gédsere the operations;, X, ,
max-min and min-max are combined each other.

Property 5.1. Let A andB are any two IFMs of same size, we have

(i) AX3(AV B) # A.

(ii) AX3(AA B) # A.

Proof: (i) AX;(AVB) = ((min (a;j, max(a;j, b;j), alf]-min (alf]-, blfj)))
= ((aij, ai;a;;))

= ((aij:a£j2>)

109



D.Venkatesan and S.Sriram

* ((a”,aij))
Hence,AX;(AV B) + A.
The proof (ii) is similar to that of(i).

Property 5.2. Let A andB are any two IFMs of same size, we have

(i) AX,(AV B) # A.

(ii) AX,(AAB) + A.

Proof: (i) AX,(AVB) = ((al-j max(a;j, b;;), min (a;; min(a;;, bi]-))))

@(max(aizj, a;;jb;;), min (a;; min(a;;, bl-j))))

* ((aij;aij>)-

Hence,AX,(AV B) # A.

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

Property 5.3. Let A andB are any two IFMs of same size, we have
(i) AV (AX3B) = AX,B.
(ii) AN (AX3B) = A.
Proof: (i) Av (AX3B) = ((max (a;j, min (a;j, b;;)), min (a;, al-jbl-j)))
= ((aij;aijbij))
* ((aij.aij>)-
Hence, AV (AX3B) # A.
(ii) AN (AX3B) = ((min (aij, min (a;j, b;;)), max (a;, al-]-bi]-)))
= ((bij; aij))
* ((aij;aij>)-
Hence,A A (AX3B) # A.
Similarly, we can prove the following property

Property 5.4. Let A andB are any two IFMs of same size, we have
(i) AN(AX,B) # A.
(ii) AV (AX,B) # A.

Next, we shall discuss the distributivity in theseavhere the operatio, X, , max-min
and min-max are combined each other.

Property 5.5. Let A,B andC are any three IFMs of same size, we have

()AX3(BV C) = (AX3B) vV (AX50).

(i)AX3(B A C) = (AX3B) A (AX530).

Proof: (i) AX;(BVC) = ((min (a;j, (max (by, ¢;;)), a;;min (by;, ci]-)))
= ((max (min (a;j, b;j), min (a;j, ¢;j), min (a;;b;;, aijcij)))
= (AX3B) V (AX50).

Hence,AX;(BV C) = (AX3B) v (AX30).

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

Property 5.6. Let A,B andC are any three IFMs of same size, we have
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(DAX,(BVvC) = (AX,B) VvV (AX,0).
(iD)AX,(BAC) = (AX,B) A (AX,0).
Proof: (i) AX,(BVvC(C) = ((ai]-(max (bij, cij), min (al-j,min (bl-j, cl-j)))
= ((max (aijb;j, a;jc;j), min (min (al-j, bl-j), min (aij, cl-j)))
Hence,AX,(BV C) = (AX,B)V (AX,C).
The proof (ii) is similar to that of(i).

Property 5.7. Let A,B andC are any three IFMs of same size, we have
(DAV (BX5C) # (AVv B)X;5(AV C).

(iD)AN(BX3C) # (AANB)X3(ANC).

Proof: (i)Av (BX;C) = ((max (a;j, min (b;j, ¢;;)), min (al], l/])))

= ((mln (max (a;j, b;j), max (aj, ¢;;)), min (al], l-j)))
# (AVB)X3(AV C).

Hence,AVv (BX3C) # (AV B)X5(AV C). (By using Lemma 2.8)

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

Property 5.8. Let A,B andC are any three IFMs of same size, we have

(DAV (BX,C)+ (AVvB)X,(AV ).

(iD)AN(BX,C) = (AANB)X,(AAC).

Proof: (i)Av (BX,C) = ((max (aij, bijcij), min (aij, min (bij , cij))))
= ((max (aij, bijcij), min(min (a;;, b;;) , min (a;, cl-j))))
# (AVB)X,(AVC).

Hence,Av (BX,C) # (AvV B)X,(AV C). (By using Lemma 2.8)

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

Property 5.9. If A andB are any two IFMs of same size, we have
(i)AX3B # ANB.

(ii))AX,B + AV B.

(iii)AX,B > AN B.

(iv)AX3B > AV B.

Proof: (i)AX3B = ({min (a;, b;;), a;;b;;)) and

AAB = ((min (aij, U) max (altj, bi'j))).

Sincea; bu < max (au' j), forall i, j.
Hence,AX3;B # A A B.
(ii)AX,B = ((a”bl],mln (au,blj))) and

AVB = ((max (aij, bij), min (alfj, bl-/j))).
Sincea;;b;; < max (a;j, b;;), for all i, j.
Hence,AX,B # AV B.

(iit) Since a;;jb;j < min (a;j,b;j) andmin (a
Hence,AX,B > A A B.

(iv) Sincemin (a;j, b;j) = max (a;j, b;j) and a; b

l]'blj) = max (aijtbij)v

ij = < min (aij'bij):
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Hence,AX;B + AV B.

Property 5.10. If A andB are any two IFMs of same size, we have

(i)(AV B) V (AX3B) = AX,B.

(ii))(A A B) A (AX,B) = AX,B.

Proof:

()(AVB)V (AX3B) =

((max (max (a;j, b;;), min(a;j, b;;)) , min (min (alzj, blf]-), alzjbl-’j)))

= ((max (ayj, byj), a;bi;))
= AX,B.

Hence,(AV B) v (AX3B) = AX;B.

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

Property 5.11. If A andB are any two IFMs of same size, we have

())(AAB)X3(AV B) = AX3B.

(i) (AAB)X,(AV B) = AX,B.

Proof:

()(AAB)X3(AVB) =

((min (min (ay;, b;;), max(ayj, b;;)) , max (alf]-, bi’j)min(alfj, bl-/]-)))

= ((min(ay;, b)), a;;b;;))
= AX;3B.

Hence,(AAB)X;(AvV B) = AX3B.

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

6. Conclusions

The set of all IFMs with respect to the operatidiisand X, form a commutative monoid.
The operations{; andX, of IFMs are satisfy the De Morgan’s laws. Distitive laws
max-min and min-max composition ov&g and X, are proved and established some
algebraic properties.

REFERENCES

K.Atanassov, Intuitionistic fuzzy sdtuzzy Sets and Syster28 (1986) 87-96.

2. K.Atanassov, E.Szmidt and J.Kacprzyk, Intuitiomidtizzy implication — 157, Notes
on Intuitionistic Fuzzy Set&3(2) (2017) 37-43.

3. J.Boobalan and S.Sriram, Arithmetic operations wtuitionistic fuzzy matrices,
Proceedings of the International Conference on Btatitical Sciences, Sathyabama
University (2014), 484-487.

4. H.Bustince, Constraction of intuitionistic fuzzy latons with predetermined
propertiesFuzzy Sets and Systerhi®9 (2003) 379-404.

5. E.G.Emam and M.A.Fndh, Some results associatetl tig¢ max-min and min-max
compositions of bifuzzy matricedournal of the Egyption Mathematical Society,
(2016) 515-521.

6. Y.B.Im, E.B.Lee and S.W.Park, The determinant ofiasg intuitionistic fuzzy
matricesfar East Journal of Mathematical Scienc865) (2001) 789-796.

7. S.K.Khan, M.Pal and A.K.Shyamal, Intuitionistic fayz matrices, Notes on

=

112



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

23.

24.

Further Multiplicative Operations of Intuitionistfeuzzy Matrices

Intuitionistic Fuzzy Set8(2) (2002) 51-62.

S.K.Khan and M.Pal, Some operations on intuitianitzzy matricesActa Ciencia
Indica, XXXIIM, (2006) 515-524.

K.H.Kim and R.W.Roush, Generalized fuzzy matridészzy Sets and Systerds
(1980) 293-315.

H.Y.Lee and N.G.Jeong, Canonical form of a tramsitntuitionistic fuzzy matrices,
Honam Math. J.27(4) (2005) 543-550.

.A.R.Meenakshi and T.Gandhimathi, Intuitionistic #yz relational equations,

Advances in Fuzzy Mathemati&$3) (2010) 239-244.

T.Muththuraji, S.Sriram and P.Murugadas, Decomjmsif intuitionistic fuzzy
matricesFuzzy Information and Engineering (2016) 345-354.

T.Muththuraji and S.Sriram, Some remarks on Luka&giwdisjunction and
conjunction operators on intuitionistic fuzzy me&s$, Journal of advances in
Mathematics11(3) (2015) 5000-5006.

M.Pal, Intuitionistic fuzzy determinant,.U.J. Physical Sciences (2001) 87-93.
S.Sriram and P.Murugadas, On semi-ring of intuitito fuzzy matricesApplied
Mathematical Science(23) (2010) 1099-1105.

S.Sriram and J.Boobalan, Monoids of intuitionidtizzy matricesAnnals of Fuzzy
Mathematics and Informaticg (3) (2016) 505-510.

A.K.Shyamal and M.Pal, Two new operators on fuzatrioes,J. Appl. Math. &
Computing 15 (2004) 91-107.

A.Trybulec and C.Bylinski, Some Properties of reambers operations: min, max,
square and square roofl. of Formalized Mathematic4 (1989) 1-4.

D.Venkatesan and S.Sriram, Multiplicative operatiohintuitionistic fuzzy matrices,
Communicated.

Z.Wang, Z.S.Xu, S.S.Liu and J.Tang, A netting dtisy analysis method under
intuitionistic fuzzy environmentpplied Soft Computind 1(8) (2011) 5558-5564.

. L.A.Zadeh, Fuzzy setdpurnal of Information and Contrp8 (1965) 338-353.
22.

Y.Zzhang and M.Zheng, New operators on fuzzy madrié®urth International
workshop on Advanced computational Intelligent Han, China, (2011) 295-299.
M.Pal, Fuzzy matrices with fuzzy rows and columlmjrnal of Intelligent and Fuzzy
Systems30(1) (2016) 561-573.

M.Pal, Interval-valued fuzzy matrices with intervalued fuzzy rows and columns,
Fuzzy Information and Engineering(3) (2015) 335-368.

113



