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ABSTRACT. In this paper we define two operators namely
conjunction(®) and disjunction(®) from Lukasiewicz’s type over Intuition-
istic Fuzzy Matrix and several algebraic properties are investigated when
the above said operators combined with other well known operators on
IFM. Also some reduction operators which reduce an Intuitionistic Fuzzy
Matrix to Fuzzy Matrix are introduced. Finally we obtain addition law on
probability which contains reduction, conjunction and disjunction opera-
tors.
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1. INTRODUCTION

There have been theories evolved over the years to deal with the various types
of uncertainties. These evolved theories are put into practice and when found to be
wanting are improved upon, paving the way for new theories to handle the tricky
uncertainties. The Probability theory is one such important theory concerned with
the analysis of random phenomena. In 1965, Zadeh [24] came out with the concept
of Fuzzy Set which is indeed an extension of the classical notion of set. Fuzzy Set
has been found to be an effective tool to deal with fuzziness. However, it often falls
short of the expected standard when describing the neutral state. As a result, a
new concept namely Intuitionistic Fuzzy Set(IFS) was worked out and the same was

introduced in 1983 by Atanassov [I, 2]. Using the concept of IFS, Im et.al [7, §]
studied Intuitionistic Fuzzy Matrix(IFM).
IFM generalizes the Fuzzy Matrix introduced by Thomson [21] and has been

useful in dealing with areas such as decision making, relational equations, clustering
analysis etc,. IFM is also very useful in the discussion of Intuitionistic fuzzy relation
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[6, 11]. Z.8.Xu [22, 26] studied Intuitionistic Fuzzy Value and also IFMs. He defined
intuitionistic fuzzy similarity relation and also utilise it in clustering analysis.

Since then different have contributed significantly for the development of IFMs
in [10, 13, 14, 20, 23]. Permanant of interval valued triangular fuzzy numbers and
a new method for system of linear equations based on certain decomposition of
its coefficient matrix is studied in [5] and [15] respectively. The period of powers of
Square IFMs is discussed at length along with some of the results for the equivalence
IFM by Jeong and Park [9] while Pal et.al. [16] made a comprehensive study and
neatly developed IFM in 2002. Another researcher namely Mondal [12] studied
similarity relations, invertibility and eigenvalues of IFM.

In [18, 25] some new operators are introduced and several algebraic properties are
discussed on FMs. Monoids on IFMs are studied in [19]. Here we introduce Lukasi-
wicz’s conjunction(®) and disjunction(®) operators on IFMs which are different
from the operators introduced in [19]. In [4] Zadeh’s conjunction and disjuntion
properties are studied. Atanassov, Tevetkov [3] and Riecan [17] introduced the op-
erations conjunction and disjunction from Lukasiewicz’s type over IFSs and studied
its algebraic properties. We extend it to IFM and studied some of the basic proper-
ties of these operations with other predefined operators. Also some operators called
reduction operators are introduced which give a FM from an IFM. Finally we obtain
addition law on probability which connects all the operators defined above.

2. PRELIMINARIES

In this section let us recall some basic concepts about IFMs for a better under-
standing of the main body of the paper.

Definition 2.1 ([I, 2]). Let a set X = {z1,22,...x,} be fixed, then an IFS A is
defined as an object of the following form A = {(z, pa(z;),va(z;))/x; € X}, where
the functions pa(z;) : X — [0,1] and y4(x;) : X — [0, 1] define the membership and
non membership function of the element x; € X respectively and for every z; € X,
0 < palwi) +7yalzs) < 1.

Definition 2.2 ([22, 26]). The two tuple a( i) = (ta(2i),Yal(z;)) is called an
Intuitionistic fuzzy value, if pq(z;) € [0,1], Yo (x;) € [0, 1] such that

Ha (xz) + ’Ya(‘ri) L.
For our convenience, we write (pa(z;),va(x;)) = (z,2")

Definition 2.3 ([1, 2]). For (z,2’), (y,y’) € IFS, define:
(i) (z,2") V(y,y) = (max{z,y}, min{a’, y'}),
(i) (2, 2") A (3/ y') (min{z, y}, max{z’,y'}),
(iil)  (x,2')¢ = (o', x).

Definition 2.4 ([3, 17]). For any two elements (z,z’), (y,y’) € IFS, Lukasiewicz
type disjunction and conjunction operators denoted by @ and ©® respectively and
defined as follows:
(i) (@2)®@y)={(+y) L@ +y —1)VO0},
(i) “(z,2) 0 wy)={(@+y-1) V0, +y)A1}
476
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Definition 2.5 ([10]). A fuzzy matrix is a matrix with elements having values in
the closed interval [0, 1].

Definition 2.6 ([26]). Let A = [(@i;)]mxn be a matrix of order m x n. If the value
a;;(i = 1,2,..m,j = 1,2,..n) are intuitionistic fuzzy values, then A is called an
IFM. F,,,, denotes set of all IFMs of order m x n

]F)eﬁrcllitéon 2.7 ([7, 13, 16]). For any two elements A = [(a;;,a;;)], B = [(bi;,b};)] €
mn define:
() AVB= [(a”bj’ z_]) (bZ]’b;])]
(11) A /\ B = [(aU’ zg) (blj’ b;j)]
(111) - ( 1]7 al])
(iv) A < B, if a;; < b;j and a;; > by; for all i,j in which A and B are comparable.
(v) If A2 > A, then A is said to be compact
(vi) If A% < A, then A is said to be transitive.

3. ALGEBRAIC PROPERTIES OF CONJUNTION AND DISJUNCTION OPERATORS ON
IFMs

Now let us define Lukasiewicz’s type disjunction operator on IFM denoted by ()
and conjunction operator by (®) and some algebraic laws over the above operators
with other predefined operators.

Definition 3.1. For any two IFMs A, B € F,,,, we define Lukasiewicz disjunction
and conjunction operators on IFMs as follows:

(i) A®B={(ay+bi) A1, (a; +b; —1)VO},

(11) A@B:{(aij+bij 71)\/1,(a;j+b;j)/\l}
Proposition 3.2. For any two IFMs A, B € F,,,,, we have the following:

(1) ® and ® are commutative,

(2) @ and © are monotonically increasing operators,
3) A B<AANB<AVB<A®B.

Proof. (1) From the Definition, it is clear that A@ B=B® Aand A® B = B0O A.
(2) To prove monotonically increasing property, it is enough prove the following:
IfA<B,then A®C<B®Cand AOC<BG®C.
For that consider
AeC = [((aij + Cij) A1, (a;j + C;j — 1) V 0)]
and
BaC = [((b” + Cij) A1, (b;] + C/ij — 1) V 0)]
Since a;; < b;; and agj > b;j, we have
aij + Cij S bij —|— cij and a;j + C;j 2 b;_; —|— C;j.

Then (G,ij + Cij) ANl > (b” + Cij) Al (31)
Clearly, (aj; + ci; — 1) > (b}, + c;; — 1)implies
(aj; +ci; —1) VO > (b +c;; —1) VO (3.2)

From (3.1) and (3.2), A@C < BaC.
Similarly, we can prove A® C < B® C.
(3) Ao B =[((a;; +b;; —1) VO, (a§j4—|7—7b§j) A 1)]. Then
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Qi +b” —1= Qi + (b” — 1) S Q4 and Qi +b” —1= bij + (aij — ].) S b”
Thus a;; +b;; —1 < (aij N bij). So (aij +bij — 1) VO < (aij N bij). (33)
Similarly, (aj; +0};) A1 > (aj; V b};). (3.4)
From (3.3) and (3.4), A© B< AAB.
Since a;; < agj + bij, bij < aij + bij, a5 V by < agy + by,
(%%] \ bij S (aij + b”) Al (35)
Also aj; +bj; — 1 =aj; + (bj; — 1) < aj; and aj; +bj; — 1 =b; + (aj; — 1) < bj;.
Thus aj; +b}; — 1 < aj; Ab;. So
a;j A bgj > (a’ij + b;j —-1vo (3.6)
From (3.5) and (3.6), AVB < A® B.
Since AN B < AV B is obvious, we have the following
AOB<AANB<AVB<A®B.

Proposition 3.3. For any IFM A, we have
(1) @ is compact,
(2) ® is transitive.

Proof. (1) The ij™ element of A& A is [(2a;; A 1, (2aj; — 1) V 0)]. It is enough to
prove that 2a;; A 1 > a;; and (2a}; —1) V0 < aj;.
Since 2aij > Qg Qaij Al > Qij. (37)
Since 2a;; — 1 = aj; + (aj; — 1) < aj;, (2aj; —1) V0 < aj;. (3.8)
From (3.7) and (3.8), A@® A > A. Then from the Definition 2.7, & is compact.

(2) In dual of the above, we can easily prove A® A < A, gives ©® is transitive [

The following statements are trivial from the Definition 3.1 and Proposition 3.3.

Proposition 3.4. (Absorption Laws) For any A, B € F,,,
(1) AN(A® B)=A,
(2) AV(Ae B) =A.

Proposition 3.5. (Demorgan’s Laws) If A, B € Fy,,,, then we have
(1) (A® B) = A° e B¢,
(2) (A® B)t = A° @ B°.

Proof. (1) It is clear that (A® B)° = [(aj; +bj; — 1) V0, (a;; + biz) A1].
On one hand, A°® B¢ = [(a;j, aij)] O] [(b;j, bij)} = [(a;J + b;j — 1) V0, ((lij + b”) A 1]
Then from the above two equations, Demorgan’s law (1) holds.

(2) the proof is similar to that of (1). O

Proposition 3.6. (Distributive Laws) For any three IFMs A, B,C € F,,,,, we have

(1) Ao (BVC)=(A®B)V(A®C) (® is left distributive over V),

(2) A (BAC)=(A®B)N(ADC) (& is left distributive over A),

(3) A®(BVC)=(A0B)V(AGC) (O is left distributive over V)

(4) AO(BAC)=(A®B)N(AOC) (© is left distributive over A).
Proof. (1) Let (dij,d};), (eij»€i;); (fij» £i;)s (965 9i;) and (hij, hi;) are the ij** ele-
ments of BVC,A® B, A®C,A® (BV () and (A® B) V(A& C), respectively.
Then

H = (hij, bi;) = [eij V fig el A fij]
478
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) if €ij > fij76;j < 7,/j

) if fij > eij,f{] <ej
€ij, 1/]) if €ij >fzg7 Se

) lff1]>em7 US ij

(aw—i—b”)/\l (CL 4+b;j—1)\/0] if e;; Zfij,egj <

_ ) @iy + i) A1 (ag; + 05, — 1) VO] if ey < figoef; >
(aij +bij) A1, (aj; +ci; = 1) VO] if e > fij,ef; > fi;
(CLU‘FC”)/\]. ((l +b;]—1)\/0] ifeijgfij,e;jg z/]

Case (i): If e;; > fij, ey < fi}, then
(aij +bij) N1 > (aij + cij) A1 and (aj; +bi; — 1) V0 < (af; +c}; — 1) V0.
Thus (ai; + bij) > (aij + cij) and (aj; +b; — 1) < (aj; +¢j; —1). So by > ¢ and
bi; < ¢y Hence (dij, dj;) = (bw,big) Therefore (gij,9;;) = (eij, €5;) = (fiz: fij)
gives A®(BVC)=(A@B)V(A®C).
Similarly, we can prove the other three cases.
Proofs of (2), (3) and (4) are similar to (1). O

Proposition 3.7. For any three IFMs A, B,C € F,,,, we have

(1) (AvB)@C=(AaC)V (BaC) (@ is right distributive over V),
(2) (AANB)@C=(AaC)N(B®C) (@ is right distributive over A),
B)(AVB)oC=(A0C)V(BoC) (0 is right distributive over V),
4) (ANB) 0 C=(A0C)AN (B C) (0 is right distributive over A).

Proof. (1) Let (dij,d;;), (eij, €i;), (fijs £i;)s (935, 9i;) and (hij, hi;) are the it ele-
ments of A VB, A®C,B®C,(AVB)® C and (A® C)V (B & C), respectively.
Then
= (hij, hij) = leij V fijs €i; N fij]

(eij e;) if ey > fij el <
(fijs f1;) if fij > eijyle] <ej
(el_]alej) lfelj >fl]a Se
(fijve;j) if fzy > €5,€ ” <
[(as; + cij) A (a "’C )VO] if e;; Zfijvegj <
[( )AL (b =1 VvO] ifey < fij,ef; >
[(aij -|-C”)/\ ,(b/ +C 1)\/0] if €ij > fij,e;j >
[(b”—l—c”)/\l,(a +ci; =) VO] if ey < fij,ef; <

Case (i): If e;; > fij, el; < fi}, then

(h”,hw) (aij + cij) A 1 (a —i—cij 1) v 0 and e;; > fij, €} ;<

Thus (a;; + ¢i5) A1 > (bi; + cij) /\ L and (aj; +¢j; —1) VO < (b’ —|— cij 1) V0.
So (a”/+ cij) > (bij + cij) and (aj; tcgj = 1) < (b; + c;j/ 1). Hence a;j > bz‘j/ and
a ; < bj;, and thus (d”,d”) (ai.j,aij). Therefore (gij,gij) (d”,d”) (cij,cij) =
(aw,a”) @ (cijs ”) (hwh”) gives (AVB)eaC=(AaC)Vv (B ().

Similarly we can prove the other three cases.

Proofs of (2), (3) and (4) are similar to (1). O
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4. PROPERTIES OF REDUCTION OPERATORS

In this section we introduce four operators called reduction operators on IFM
which reduce an IFM to a FM. Also we relate conjunction and disjunction operators
with reduction operators.

Definition 4.1. Consider A = [(aij,aj;)] € Fun be an IFM and r € [0, 1], define
the reduction operators ri,r9, 73,74 : IFM — FM as follows:

(i) 1 [A] = rif(asj, a)] —Tau (1 =r)(1 = ajy),
(if) ra[A) = rol(aij, aij)] = 1 = (aij, aiy)],
(ii) r3[A] = r3[(ai;, aj;)] =( r)aij + (1 = a),
(iv) rq[A] = 4[(aw alj)] = 1 - ra(ay.aly)]

Proposition 4.2. For any IFM A € F,,, and r € [0,1], we have the following
statements:
(1) when r = 0.5, r1[A] = r3[A] and ro[A] = r4[4],
(2) r1(1,0) =7r3(1,0) = r2(0,1) =74(0,1) = 1
and
’1“2(1, O) = ’I“4(1, O) = 7‘1(0, 1) = T‘Q(O, 1) = 0,
(3) m1[A°] = r4[A] and r2[A°] = r3.

Proof. (1) When r = 0.5, then 1 — r = 0.5. Thus from Definition 4.1, r;[A] = r3[A4]
and rq[A] = ry[A].
(2) Tt is straightforward from Definition 4.1.
(3) 1[4 = ril(al;, ai)] = raly + (1 —r)(1 - aiy)
=1—[aij —rai; +r—ral;] =1—[(1 —7))ay +7r(1 - aj;)
=1- 7“3[14} = 7“4[14].
Similarly, we can prove ra[A°] = r3[A]. O

Proposition 4.3. If A and B are two comparable IFMs with same order such that
A < B, then for some r € [0,1], we have
(1) r1[A] < m[B],

(2) m2[A] > r2[ B
(3) r3[A] = 73[B]
(4) ra[A] < r4[B].
Proof. (1) From the Definition of reduction operators, we have
r1[A] = r1[(ai;, az;)} =ra;+(1—-7r)(1- al])

r1[B] = r1[(bij, b;)] = rbij + (1 = r)(1 = bj).
Since it is given that A < B means a;; < b, ra;; < rb;; and a;j > bgj. Thus
1-r)(1-a; ) (I-r)(1- bgj). So ra;; +(1—r)(1— agj) <rbi;+(1—r)(1- bgj).
Hence 71 [4] g r1[B].

(2) From definition 2.9, r3[A] = 1 — r1[A4] and from (1), we have ri[A] < r1[B].
Then 1 —r1[A] > 1 — r[B]. Thus r3[A4] > ra[B].

(3) The proof of (3) similar to (1).

(4) The proof of (4) similar to (2). O

480
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Theorem 4.4. For any two IFMs A, B € Fp,, and some r € [0,1], all the reduc-
tion operators satisfies addition law on probability with conjunction and disjunction
operators as follows:

( ) Tl[AEBB] = Tl[A} +T1[B] —Tl[AQB],
(2) ro[A ® B] = ra[A] + ro[B] — m2[A © B,
(3) r3[A® B] = r3[A] +r3[B] — r3[A© B],
(4) 7‘4[/4@3]—7’4[14}4’7‘4[3] [A@B]

Proof. (1) From Definitions 2.8 and 2.9, we have
rl(A® B)] = rl(ai; +bij) AL, (aly + b, — 1) V0]
= r[(ai +bij) AN+ (1 —7)[1 — (aj; +bj; —1) V0.
Similarly, r1[A ® B] = r[(a}; + b}; — 1) VO] + (1 — r)[1 — (a}; + b}; A 1]
and
ri[A] +r1[B] = [au + bi] + (1 = 7)[(1 = ag;) + (1 = bj)]-
Case(i): If (a;j +bij)>1a (a” +b;; —1) <0, then
r[AeBl=r+(1-r)=
and
r[A® Bl =r(aj; +bj; — 1) + (1 —r)(1 —aj; — b;).
Adding the above two equations, we get
r1[(A® B)] +71[A© B] = rlay + bi;] + (1 —r)[(1 — aj;) + (1 — bjy)]
=T [A} + Tl[B].

Thus r1[A & B] = r[A] + r1[B] — m[A ® BJ.

Case(ii): If (ai; +bi;) <1 and (aj; +b}; — 1) <0, then

r1[(A® B)] = rlai; + bi] + (1 —7)
and
r[A® Bl = (1—r)(1 —aj; —b;).

Thus r1[(A® B)] +7[A® B] = rlay +by] + (1 —r) + (1 —r)(1 —a}; —b;)
— rfas; + b + (1= 1)[(1 — alj) + (1 — )]
=ri[A] +r[B].

So Tl[AEBB] = T‘l[A} +T1[B] —T‘l[AQB].

Case(iii): If (ai; +bij) <1 and (aj; +b}; — 1) > 0, then

m[(A® B)] = rlai; + bi;] + (1 —7)[(1 — aj;) + (1 = b};)] and r1[A © B] = 0.

In this case, also m[A @ B] = r1[A] + r[B] — r1[A ® B].

Case(iv): If (ai; + bij) > 1 and (aj; +b;; — 1) > 0, then A and B are not IFMs.
Thus this case not possible. From all the above, four cases we conclude that r1[A &
B] = Tl[A] —+ Tl[B] - Tl[A ® B]

(2) From Definition 2.9,

ro[A® B]+1r[A0B]l=1-r[A® B]+1—-r[AG B|
=1- [7“1[14] —|—7"1[B] —Tl[AQB]] + 1 —Tl[AQB}
=1—r A+ 1 —r[B] = r2[A] + ro[B].

Then r3[A & B] = ra[A] + ro[B] — r2[A © BJ.

(3) Since ro[A°] = r3[4], r3[A @ B] + r3[A ® B] = r3[(A @ B)°] + r2[(A ® B)“].
From demorgan’s law of conjunction and disjunction operators, we can write the
above as follows:

r3[A @ B] + r3[A® B] = r3[B° ® A%)] + 1r2[B° & A€
481
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= TQ[BC] =+ TQ[AC] = 7”3[3} + 7”3[14.].
Then r3[A & B] = r3[A] + r3[B] — r3[]A ® B].
(4) The proof is similar to (2) or (3). O

5. CONCLUSIONS

In this paper we introduce some operators on IFMs. Several algebraic laws like
commutative, absorption, distributive, demorgan’s etc., are studied. Also we know
that every Fuzzy Matrix A = [(a;;)]is an Intuitionistic Fuzzy Matrix in the form
[(aij,1 — a;;)] and the converse need not be true. Here using reduction we reduce
an IFM to Fuzzy Matrix. Finally the relation between conjunction, disjunction
and reduction operators gives addition law on probability. Using the algebraic laws
various algebraic structures can be formed in future.
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