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Periodicity of powers of intuitionistic fuzzy matrices
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Abstract

The powers of a general intuitionistic fuzzy matrix either converge or oscillate with a finite period. Many properties
about a convergence of intuitionistic fuzzy matrix and convergence of powers of a transitive intuitionistic fuzzy
matrix have been studied . In this paper, we consider an arbitrary n x n intuitionistic fuzzy matrix ({(gi;,¢;;)) and
define its period of oscillation d* and index k*. Moreover, we present some properties of d* and k* and show that
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d*|[n] (where [n] is the least common multiple of 1,2,...,n). Also, we develop the algorithm to find 4* and k°.
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1. Introduction

Fuzzy sets introduced by Zadeh [32] has shown meaning-
ful applications in many fields of study. The idea of fuzzy
set is welcome because it handles uncertainty and vagueness
which classical set could not address. 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 introduced by Atanassov [5] and he has repre-
sented it as A = {(x, ua(x), va(x)) /x € E} where E denotes
a universal set, in which ps : E — [0,1] and v4 : E — [0,1]
denote membership and non-membership functions of A re-
spectively and its sum is less than or equal to one. In short we
write the elements of IFS as (x,x’) such that x+x’ < 1. The
ideas of IFS were developed later in [6—-10]. Xu and Yager
[31] have developed some geometric operators based on IFSs.

A Fuzzy Matrix (FM) is a matrix with elements having
values in closed interval [0,1]. Kim and Roush [33] have

introduced the concept of FM. FM play a vital role in various
areas, in Science and Engineering and solve the problems
involving various types of uncertainties [34]. Meenakshi [17]
has studied minus ordering, space ordering and schur comple-
ment of FM and block FM. Buckley [39], Ran and Liu [35]
and Gregory et. al, [38] after applying max-min operation on
fuzzy matrix have found only two results, either the fuzzy ma-
trix convergences to idempotent matrix or oscillates to finite
period. Hashimoto [37] has studied the convergence of power
of a fuzzy transitive matrix. Lur et. al, [36] have studied the
powers of convergence of FMs. Many authors have further, ex-
tended this study and addressed themselves to the discussion
of special matrices such as symmetric fuzzy matrices, nilpo-
tent fuzzy matrices, controllable fuzzy matrices, max-min
transitive fuzzy matrices, etc., [40, 42, 44]. The periodicity
of these special matrices is 1 or 2 [44]. Li [43] has studied
periodicity and index of fuzzy matrices in the general case. In
[41] Fan has proved that the periodicity of a fuzzy matrix is
the least common multiple (l.c.m.) of periodicity of its cut
matrices, and the index of a fuzzy matrix is not greater than
the maximum index of its cut matrices. Liua and Ji [46] have
discussed the periodicity of square fuzzy matrices based on
minimal strong components. The notion Intuitionistic Fuzzy
Matrix (IFM) was introduced by Atanssov [3]. The index ma-
trix representation of the intuitionistic fuzzy graphs has been
studied in [4]. Pal et. al, [24], Meenakshi and Gandhimathi
[16] and Sriram and Murugadas [29, 30] have studied IFM for
finding intuitionistic fuzzy linear relation equation, g-inverse
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and intiuitionistic fuzzy linear transformation etc.,. Shyamal
and Pal [28] have studied the distance between IFM. Bhowmik
and Pal [12, 13] have examined circulant IFM and general-
ized [FMs. Im et al., [14] have studied determinant of square
IFMs. In [11] Atanassov has studied intuitionistic fuzzy index
matrix and extended intuitionistic fuzzy index matrix. Sev-
eral authors [1, 2, 15, 18-20, 22, 23, 25-27] have worked on
IFMs and obtained various interesting results, which are very
useful in handling uncertainty problems in our daily life. The
purpose of this paper is to study the periodicity of powers
IFM.

2. Preliminaries

Throughout the paper matrix mean IFM. Atanassov
has introduced the following operations on IFS. For
(6, (0,¥') € IFS, (x,X)V (3,y') = (max{x, v}, min{x' y'})
and (x,x') A (y,y') = (minf{x,y},max{x’,y'}). (x,x') = (y,y) =
x>yandx’ <y inthis case we say (x,x') and (y,y’) are com-
parable.

Definition 2.1. [23] Let X = {x|,x2,...xu} be a set of al-
ternatives and Y = {y1,y2,...yn} be the attribute set of each
element of X. An IFM is defined by

A= (((x1,5)), a(xi,7), Va(xi,¥7))) for i=1,2..m and j =
1,2,..n, where s : X XY — [0,1] and v4 : X XY — [0,1]
satisfy the condition 0 < p (x;,y;) + va(xi,yj) < 1. For sim-
plicity we denote an IFM is a matrix of pairs A = (<a,-j, a§j>)
of non negative real numbers satisfying a;; + d, i < 1 forall
i, j. We denote the set of all IFM of order m X n by F,.

Consider the IFMs, Q = ((gij,¢;;)) and P =
We recall some basic operation.

0P = (V/ (g A i), K (ah Vo).
QK+1 = B

((pij»Pij))-

0Xo, forallk_ 1,2,3,.

Q" =1, where I is a square unit matrix all whose diagonal

entries are (1,0) and all other are (0, 1).

oF = (<q§;,q;’;>) forall k=1,2,3,.... Then,

(9. qi;) = V V
Ji=1ja=1

<qjk7,’j7ij7i]>)'

Let I'™ = {x|x is a positive integer} .

n
V (<£]ij1 ’q§j1> A <Qj1j27q;'1j2> AREA

Je—1=1

Remark 2.2. [30] Let Q,S,H and T be n X n intuitionistic
fuzzy matrices. If Q < S, T <H, = QT < SH,

3. Results
Let ((¢ij,q;;)) be an arbitrary n x n intuitionistic fuzzy ma-

. . . . 2.
trix. The number of different matrices is at most ' in the

following sequence,
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where r is the number of all the different elements that occur
in intuitionistic fuzzy matrix ((gij,q;;)), which is clearly fi-
nite. Thus there exists s,# € I'" (s # t) such that ((¢};,4})) =
((CIi,a‘]f])) Let

H = {(s:0|((a3;2485)) = (ay al))os # s, €17}
D={d|d=|s—t|,(s,t) € H}.

Then, D has a least element d* (d* > 1) by using the well-
ordering property of natural numbers.

Let
K = {kI((a a) = (i g "))k ez}

By well-ordering property, K has a least element k®(k® > 1).
Definition 3.1. We call d® the period of oscillation of ({(gij, qb)),

and k* the index of ({qij,qi;))- ((qij,qi;)) is convergent if
d*=1

Lemma 3.2. Letrg € It. If g > k®, then
(gl aiy) = (™" g™ ")) for any m e It

4;i;  +4ij
Proof. We will prove this lemma by induction on m > 1
Form =1,

since (<q,j ) = (g gl ), then
(g5 " ,q:;' ) x (. 4))
= (" qd ™)
x (g gl ),
and the required equality (<q;’]7qg>) ((qf] *d.,q;’j‘”rd.)), is
obtained.
Let ({qfff)) = (""" ™" ™07)), then
(g .q4")) % (gl gih) = (g% ,g4"))
(<qlq]+(m 1)d7 :tjﬁ-m 1)d >)
that is, (g%, g™ )) = (g™ 4™ )):
but (g™, q ™) = ((qfj>qh), so that
((CIij?‘Iij» (<qz+md '(Jﬁ d>)- ]

Theorem 3.3. If there exist t,s € I such that ((q};,4;)) <
((},45})), then d*|(t —s), where a|b means that a divides b.

Proof. (1)Ift =s, thenz—s =0, and d°*|0.

@) If 1 < s, then ((q};,q5)) < (g7, " ™.q; ™). Using
Remark 2.2 repeatedly, we will have
s— s— 2(s— 2(s—
(ghjoaii) < (a7 < (i gy
(3.2)
<< (g gy < (3.3)
Since in the sequence
s— s— 2(s— 2(s—
<<q§,,q(;;->>),<<q§j<( ”), AR R (C R A Y
t+m(s—t nt+m(s—t
(<‘1ij v qij >)7""

the number of different IFMs is finite, there exists k,h € I
(h < k) such that
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(g,
ij ' 91ij
follows that

LAY — (g g5 From (2), it

h(s— h(s— h(s— — h(s— _
(<le;— (s t)7q;tj+ (s t)>) :(< i‘j— (s—t)+(s t)7q;tj+1(s £)+(s r)>)
(3.4)
Let g € I'" be such that g > max {t + h(s —1),k*}.
Then, by (3), we will have
({afai)) = (a0, (35)
On the other side, Lemma 3.2 implies that
q Ilq q+d®  1q+d°® 3.6
(<qij’qij>) (<‘Iz] 1 b ) (3.6)

By (4), (5) and the definition of d°®, we have d* < s —¢. From
the division algorithm, it follows that there are unique integers
a and c such that

s—t=ad*+cwith0<c<d®,a>0. 3.7
By Lemma 3.2, (4) and (5), we have
d* d*
(<q;11+c’q:;1+c>) (<q;1]+c+a , ;t]g—}—c-&-a >)
+ +(s—
= (gl = (alh ).

From the definition of d*® and the fact 0 < ¢ < d°, it follows
that ¢ = 0, and hence

d®|(s—t),sod*|(t—s).

(3) If t > s, the proof is same as of (2). O

Corollary 3.4. ({(g; j7q§j>) is convergent iff there exist
f,ta, 13,04 € IV (01 # 12) such that (g5, q;})) < ((¢7:4;7)),

((a5:4i7)) < ((d}sa})) and (1 —t2, 13— 14) = 1, where (a,b)
denotes the greatest common divisor of a and b.

Proof. The part of the necessity is easy to verify. We prove
. /1 /i It

the Suffcwncy If ((¢3},4;})) < ((adi?))s () <

({¢;},4;7')) and (t; — 12,13 — 14) = 1, then by Theorem 3.3,

we have

d*|(ty — 12), d®| (13 — 1a),

which means that d*[1, so, d* = 1. = ((gij,q;;)) is conver-

gent. U

Theorem 3.5. Lett,h € I and t # h. Then,
(gt ait) = ((atj»qlfy)) iff d®|(r = h), and k* < min {h,1}

Proof. We may assume without lose of generality that i < r.
We first prove the necessity.

Let ({d.q/")) = (¢t d))-
h h h+(t—h
Then (<CIZ7‘1Z!>) (<‘L]+(t >,q§j+(t )>), and by Theorem

3.3, we have d*|(r — h). Hence there exists a positive integer
q such that r —h = gd®, then

(< h+qd®  th+qd® > ) .

qij 14ij (3.8)

((ah.qh) =
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It
(gl al)) # (g5 g ")),

then, using (7) repeatedly, we get

(3.9)

h+qd®

/h+qd' >)

4; 4
1qd®
qu’ql_/>) (<th ’qt(jl >)

((
((
(g gl )y < (.47 ))
((

2qd®  12qd*
qzjaqU>) <<qu aCI:jq >)

d® d*

:...=(<qij7%'j>) (<q:1;q ’q;;_nq >)
h+mqd® th-+mgqd®

= (™ ai; ™)),

(ahal}))

forany m € I'". And

(< h+d® _1h+d® >)

h h d®
q;] 7ql] :(<ql]?qij>) (<ql.]’QZ] >)

h+qd®  1h+qd® 1qd*®
(<quq 7qij f] >) (<qu 7%7 >)

= (g ql)) > (gD gl D)

(< (mg+1)d® /(.rnq+l)d’>)

:-~-=(<%‘ja%j>) 4dij 14

h-+mqd®+d®  th+mqd®+d°®
:(< ij " 1 4ij " ))s
foranyme I,

Then (8) implies that

(< h+mqd®

) # (T g 3a0)

ij s 1ij
forany m e I'"

Otherwise , take m € I'" such that h +mqd® > k°.
Then by Lemma 3.2, we have

htmgd®  th+mgd® htmgd®+d® _th+mgd®+d®
(<qu " ’ ;] " >) (<qz] " ’ ;] "
tradiction to (9).

ho i htd®  th+d® ..

Hence, (ainaih) = (aif ,qé}f )), and by the definition
of k*, it follows that k* < h = min{h,t},
Now, we prove the sufficiency.
If d*|(t — h), k* < min{h,t}, then there exists a positive inte-
ger g such that r —h = gd®. Since h > k*, by Lemma 3.2, we
have

)), a con-

hoh htqd®  Ih+qd®
(<CIij7Q§j>) (<quq ) Z’j “N

(g gl )

(gtj>qi7))-

Theorem 3.6. In the sequence

(gij» i), (i di))s (3 d3)) s o
IFMs is k®* +d® — 1. Also, the set of the k®* +d*® —
IFMs is

{(aijdi)): (@552 a)): - (s »afs ),
(<qu+l"]:]j{ +l>) (<qfcj'+d —l7qilj<°+d' l>)}

the number of different
1 different



Proof. T = {((4ijsq;)s (2 q2))s s (g5, 05)),

k*+1 k®+1 k®+d®—1 k® d'—l
(g ™l ™) g ™ gl 7))

Wzﬁmw%»Weﬁ}

We first show W =T.

Let ((q7},9/7)) € W.

If m—k® <d®, thenm < k®+d°,
and it follows that ({¢}},q/}")) € T
If m—k®*>d® thenm > k* +d°.
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Lett =m— (k®*+d°®),clearlyt >0, m =t +k*+d* > k*. We

have two cases.
case (1) r < d*®. Then by Lemma 3.2 we have

Ketid® kS +d® Kot ke
(7)) = Cay 7 aly ™) = (ay; ™ qi

) eT.

case (2) t > d°®. Then there exists two positive integers a,c

such that t = ad® + ¢, 0 < ¢ < d*, and hence

(ahpai?)) = (Gl gl )
= ({ ‘15 +ad®+c+d* 7 q;l]g'+ad'+c+d' ))
_ (<ql(f'+c)+(a+1)d" ;Sk'+c)+(a+1)d‘
= (g "))

(by Lemma 3.2).

So ({¢75.qi7)) € T.
Thus W CT,andW =T.

Now, we show that the number of different elements of 7 is

k*+d*—1.
Suppose thatt,m € {1,2,.
and ((q;;,47;)) = (<%,Jl§}">)

Sk d =1}, t£m

)

If, # > m, then by Theorem 3.5 we getr > m > k* and d°*|(r —

m). Butt >m > k®, so we get

f—m< (K +d*—1)—k* =d*—1,

and d* > ¢ —m. But, from the fact that d*|(t —
d® <t —m, a contradiction.

Theorem 3.7. (1) d*|[n]
) (alndl)) < (g™,

Proof. We first prove (2). For ((q{%,qé’})), k=1,2,..

(i,7) entry of ({gij,qi;))

m), we get

O

, let the

<qln]aq:’/1> = <‘]h0h1 7q;l()h1>/\<thl’l27q;llh2>/\"'/\<qhn—lhn7q;l,,,1hn>7
where hy =i and h, = j. We have h, = h;, for some a,b €

{0,1,2,...,n} (a < b) since h; € {1,2,...,
0,1,2,...,n. Then

(@) = oy s Thon, )

A NGy has Gy 1)

(Ghatgi 7q;1aha+1 YA
(Ghy 120 i, ) N N (G shos G, 1)
= ({@hohy » Thgy ) N+ AN hg_shas Dy 1))
((Ghahas> Doy,
Niyrhyens Dy iy o) NN Gy, 1))

b—
(@5 a5 < Dronar i) Ny ey N

n} for every i =

A <qh},,1ha ) q;’lbflha> A <q}lah},+1 ’qzahlﬂrl >/\

m— b>
3.11)

> ATRYAN <th71ha ) qi’b—lha>) A (<qhahb+1 quahbﬂ >
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where 1 <b—a <n.
There exists ¢ € I such that [n] = #(b—

e

qhaha"lhaha

and so

(diaij) <

<

a _Ib—a

b
<qhaha’qha ha

)=

n+[n]

b—a

n+[n]

= bpon, > 49noh,

By Theorem 3.3 and (2) we have d*|[n], that is (1) holds.

Corollary 3.8. 1 <d* <[n]

/ b [n] /[n
<‘]Zoha7‘Ih%h )A <qhaha »4p, ha> <qhaha7qhuhu> <qhah 'Dhah,

) = <qn+[n] /n+[n]>‘

ij 0 4ij

a),

b—a _Ib—a

b
(D> Do ) N Dy Dy -+

) (t terms)

/b— a>

a
<qhaha 'Dh,ny,

]

'n—b

(3.12)

(3.13)

O

Theorem 3.9. If there exists a positive integer h such that
..,n}, then we have

(qg5.q%) <

(1) ({q5,9i7) <
(2)d*|h;
(3) if (h,[n]) = 1, then ({gij,q;;)) is convergent.

3ql/

(gt gt )fo;;lalll ,je€{1,2,.
n+
(a3

/n+h>)’

Proof. (1) By (10), we have
(qf,q) <

<{q};

n+h

(@5, qZZ) (ay
= (¢4, .45 ) A d)

)

and so ((¢},47j))

< (g}

g7 ™)

Ib—a
D> Doy ) N (4

b—a
Dy h 'Dhahg

(2) By (1) and Theorem 3.3, we have d*|h.
(3) By Theorem 3.7 and (2), we get d*|[n];
since d*|h and thus d°|1 we find d* = 1.

= ((¢ij,4;)) is convergent.

Corollary 3.10. If (g%, ¢/%) < (q%,q11). foralli,k€{1,2,...,

then (1) d®|n and (2) ((q};,4}3)) < (3"

Corollary 3.11. [f there exists a positive integer h such that

<q5(17 q;l

)<

(43

n

9ii» i
(n,h) = 1, then ({qij,q;;)) is convergent.

)<

m— b>

qha] ’qha]
YA <qhgha’qhaha> (

n—b

4i")-

(gl gl forall i,k € {1,2,...,

/n—>b
q/’la] 7qha] >

n}, and

Proof. By Corollary 3.10 and Theorem 3.9, we have d°|n,
and d®|h,. Thus d*|1, and so d® = 1.

4. An algorithm to find the period of

oscillation
Let ((gij,4;;)) be an n x n IFM, and d*,k* be the period of

oscillation and the index of ((gi;,q;;)) respectively.
We develop the following algorithm to find the d® and &°.
Step 1. Compute successively

(((gij» ;) (€

((q

2+[n]
ij

)

12+4[n]
ij

2)sees

((aifaii) (¢

m+[n]
4qij

a7 g I (),

Im+-[n)
1 qij

O

“4.1)

)

nt,
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4.2)
In (12) find & such that
k—=1)+[n] 1(k—1)+[n
(g gl ) # (aly gy @
but
ko vy k+[n]  1k+[n]
(<Qij7q§j>) = ((C]ij 14ij ) 4.4)
Then k* = k. Go to Step 2.
Step 2. Compute successively
(at g ) (ol ™), (a2 a2, s 45)
(gl iy ™), (4.6)
In (13) find d such that
(a5, )) # (gl gk ) for j=1,2,....d—1 4.7
but((qf; ,qfs ) = (a5 T qi ). 4.8)

Then d*®* =d. Stop

Proof. Step 1. By Theorem 3.7 and Lemma 3.2, we have

k*+([n]  1k®+[n]

(<qu7q§]]<.>) (<qz] 1 91ij >)
Hence, the integer £ does exist.
. k—1 k—1
since ({gf; ! qs ") # (gl 7). then by
Theorem 3.5, and Theorem 3.7, we get k — 1 < k®, and k < k°.
Since ({(q};,q}5)) # (<q§f)+[n],q;§k)+["]>), using Theorem 3.5

again, we have k > k®, so k = k°.
Step 2. From the fact that ((¢f;,q/%")) = ((¢}; ™
we know the integer d does not exist. Since ((g¥

(¢ ¢ ) for j=1,2,..,d — 1, then by the definition
1k® k®+d

44
of d*, we have d®* > d — 1.
Therefore, d® >d. But (<qu 55 ) = (g5
by Theorem 3.5, we have d* < d. So,d*®* =d
05 0.4)
0 1,0. 8)
(0.3,0.6)
)
)

<o 6,0.3
— 0>+ = g

1k®+d*®
7q1]

),
4qij ’Q:Ij(.> #

1k®+d

.q;; ) and

O

Example 4.1. Here, [n] = [3]

{(
= (
(

Q=

d

0.2,0.7)
0.8,0.1)
0.4,0.5)
(0.4,0.5)
(0.4,0.5) (0.5,0.4)
(0.7,0.2)  (0.3,0.6)
(0.6,0.3) (0.5,0.4) (0.5,0.4)
(0.5,0.4) (0.6,0.3) (0.5,0.4)
(0.5,0.4) (0.5,0.4) (0.6,0.3)

(0.3,0.6)
<001o
(0.7,0.2)

(0.6,0.3)

(0.6,0.3)

<o.5,o 4

|
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(0.6,0.3) (0.3,0.6) (
03 = [(0.5,0.4> (0.6,0.3)  (0.5,0.4)
(0.4,0.5) (0.5,0.4) (0.6,0.3)
(0.6,03) (0.5,0.4) (0.5,0.4)
(0.5,0.4) (0.6,0.3) (0.5,0.4)

0.5,0.4)

|

— Q3+[3] — Q9

7 0,

(0.6,0.3
(0.5,0.4
(0.5,0.4
0.6,0.3)
0.5,0.4)
0.5,0.4)

(0.5,0.4)
(0.6,0.3)
(0.5,0.4)

0.5,0.4)
— Q5+3 — QS-

(0.5,0.4) (0.5,0.4) (0.6,0.3)
(0.4,0.5) (0.5,0.4) (0.6,0.3)
0t = [(0.6,0.3) (0.5,0.4) (0.5,0.4)
(0.5,0.4)
#[ (0.5,0.4) (0.5,0.4)
(0.5,0.4) (0.6,0.3) (0.5,0.4)
(0.5,0.4) (0.5,0.4)
(0.6,0.3) (0.5,0.4) (0.5,0.4)
(0.5,0.4) (0.6,0.3) <o.5,0.4>]
— Q3+[3] — Qll'
So, k*=5. Further,
(0.5,0.4) (0.6,0.3) (0.5,0.4)
(0.5,0.4) (0.5,0.4) (0.6,0.3)
(0.6,0.3) (0.5,0.4) (0.5,0.4)
(0.6,0.3) (0.5,0.4) <0.5,0.4>]
:Q5+1:Q6-
(0.5,0.4) (0.6,0.3) (0.5,0.4)
Q> = (05,04) (0.5,0.4) (0.6,0.3)
(0.6,0.3) (0.5,0.4) (0.5,0.4)
(0.5,0.4) (0.5,0.4) (0.6,0.3)
(0.6,0.3)
(0.5,0.4)
o (0.5,0.4
(0.6,0.3
(0.5,0.4)
(0.5,0.4)

(0.5,0.4) (0.6,0.3) (0.5,0.4)
(0.5,0.4) (0.6,0.3)
(0.6,0.3) ] =Q*Bl =0
(0.5,0.4) (0.6,0.3) (0.5,0.4)
05 = (0.6,0.3)
:[<0.5,o.4> (0.5,0.4) (0.6,0.3)
(0.6,0.3) (0.5,04) (0.5,0.4)
0’ =
¢[<0.5,0.4> (0.6,0.3)  (0.5,0.4)
(0.5,0.4) (0.5,04) (0.6,0.3)
(0.5,0.4) (0.5,04)| = 05+2 =
(0.6,0.3) (0.5,0.4)
but,
(0.5,0.4
[(0.6,0.3)
So, d* =3

0.6,0.3)

)
)
)
(
{
(0.5,0.4)

)
)
)
(
(
(

5. Conclusion

In this paper, we considered an arbitrary square IFM and
defined its period of oscillation d*® and index k°*. Moreover,
we have developed some properties of d*® and k* and proved
that d°|[n] (where [n] is the least common multiple of 1,2,...,n).
Also, we have given the algorithm to find d® and k°.
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