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1. Introduction
The concept of fuzzy sets was introduced by Za@&h [Kramosil and Michalek [10]
introduced the concept of fuzzy metric space. Geangd Veeramani [7] modified this
concept of fuzzy metric space and defined Hausdogfblogy on fuzzy metric space.
Many authors have studied common fixed point thesrén fuzzy metric spaces. The
most interesting results in this direction are tw€ho [2], George and Veeramani [7],
Grabiec [8], Kaleva [9], Kramosil and Michalek [10flishra et al. [11] etc., Singh and
Chauhan [15] introduced the concept of compatbilit fuzzy metric space and proved
some common fixed point theorems in fuzzy metricep

Gahler [5-6] investigated 2-metric spaces in aesedf his papers. It is to be
remarked that Sharma, Sharma and Iseki [14] stuldiethe first time contraction type
mappings in 2-metric spaces. In 2002, Sharma fiBdduced fuzzy 2-metric space and
fuzzy 3-metric space and obtained some common figeuht theorems for three
mappings in this setting. Sharma [13] proved comnfixed point theorems for
commuting maps, thus modified and extended thdtsedue to Fisher [4].

In 2007, Singh et al. [16] introduced the coricep semi-compatibility and

weak compatibility in fuzzy -2, fuzzy-3 metric sgac
For the sake of completeness, we recall some tefigi and known results in fuzzy,
fuzzy -2, fuzzy-3 metric spaces.

2. Preliminaries and definitions
Definition 2.1. [12] A binary operatior¥: [0, 1] x [0,1] = [0,1] is called a continuous t-
norm if it satisfies the following conditions:
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® * iS associative and commutative,

(i) * IS continuous,

(i) ax1 = a; for all & [0,1]

(iv) axb < cxd whenever & cand b < d,forall a,b,c,d € [0,1].

Example of t-norms arexh = ab and & = min {a, b}.

Definition 2.2. [10] The 3-tuple (X, M,*) is called a fuzzy metric spateX is an
arbitrary setx is a continuous t-norm and M is a fuzzy set fxX[0,x) satisfying
the following conditions for all x, y,2 X and s, t > 0:

(FM-1) M(x, y, 0) = 0;

(FM-2) M(x,y,t)=1, forallt >0 if and only ik = y;

(FM-3) M(x, y, t) = M(y, x, 1);

(FM-4) M(x, y, t)*M(y, z, s)= M(X, z, t + S);

(FM-5) M(x, y,): [0,00) = [0,1] is left continuous.

Note that M(x, y, t) can be thought of as the degr€é nearness between x and y with
respect to t. We identify x =y with M(x, y, t) s forall t > 0.
The following example shows that every metric spadeces a fuzzy metric space.

Example 2.1. [10] Let (X, d) be a metric space. Definéba= min {a, b} and for all x, ¥

X, M(x, y, t) = t+dt(X’y) for all t > 0 and M(x, y, 0) = 0.Then (X, M) is a fuzzy metric

space. ltis called the fuzzy metric space indumethe metric d.

Definition 2.3. [8] Let (X, M, ) be a fuzzy metric space. A sequencg {R X is said to
convergent to a point& X if lim,_,,M(x,, X, t) = 1 for all t > 0. Further, the sequence
{xn} is said to be Cauchy sequence in Xljifi,_,,M(Xn, Xnp, t) = 1 forall t>0and p >
0.The space X is said to be complete if every Gasequence in it converges to a point
of it.

Definition 2.4. [16] A function M is continuous in fuzzy metric spacé \Whenever
{Xn} =x and {yu} =y thenlim,_, M(X,, ¥ t) = M(X, y, t) for each t > 0.

Definition 2.5. [3] A binary operation+: [0,1] x [0,1] % [0,1] — [0,1] is called a
continuous t-norm if ([0,1}) is an abelian topological monoid with unit 1 subiat
a; *by xcy <ap by *c, whenevera; < a,, by < b,,cq <, forallag,ay, by, by, cq

andc, are in [0, 1].

Definition 2.6. [13] The 3-tuple (X, Mj) is called a fuzzy-2 metric space if X is an
arbitrary sets is a continuous t-norm and M is a fuzzy set hxX[0,0) satisfying the
following conditions for all x, y, z, & X and t;,t,,t; > O:

(FM’-1) M(x, Y, z, 0) =0;

(FM’-2) M(x, Y, z,t) =1, for all t > 0 and wheat least two of the three points are equal,
(FM’-3) M(X, v, z, t) = M(y, X, z, t) = M(z, X, W);

(Symmetry about three variables)
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(FM™-4) M(X, Y, Zt; +t, + t3) = M(X, ¥, uty) *M(x,u,z,t) *M(u,y,z,8);
(This corresponds to tetrahedron inequality in 2rimaspace).
(FM’-5) M(x, v, z,): [0,0) — [0,1] is left continuous.

The function value M(X, vy, z, t) may be interpretesl the probability that the area of
triangle is less than t.

Definition 2.7. [16] Let (X, M, *) be a fuzzy-2 metric space. A sequencg {ix X is said

to convergent to a point X  lim,_,M(X. X, &, t) = 1, for all & X,t > 0. Further, the
sequence {} is said to be Cauchy sequence in Xliifi,_,,M(Xn, Xop &, t) = 1 for all
ae X,t>0and p > 0.The space X is said to be ceteplf every Cauchy sequence in it
converges to a point of it.

Definition 2.8. [16] A function M is continuous in fuzzy-2 metric spatiewhenever
{X} =x and {y,} =y thenlim,_, . M(X,, ¥ a, t) = M(X, y, a, t) for all & X and for each
t>0.

Definition 2.9. [16] A binary operatior¥: [0,1] x [0,1] % [0,1] x [0,1] = [0,1] is called a
continuous t-norm if ([0,1}) is an abelian topological monoid with unit 1 subiat

a;*byxcy*xdy <a,*by*cy,*xd, whenevera; <a,, by <bjs,cy <cy,d; <d, for

all a;,a,, by, by, cq,c, ,0h and d are in [0, 1].

Definition 2.10. [13] The 3-tuple (X, M,*) is called a fuzzy-3 metric space if x is an
arbitrary setx is a continuous t-norm and M is a fuzzy set {0, «) satisfying the
following conditions for all x, y, z, w, & X and tq, t,,t;,t, > 0:
(FM"-1) M(x, ¥, z, w, 0) = 0;
(FM™-2) M(x, v, z, w, t) =1, for all t > O, iff ateast two of the four points are equal
(FM™-3) M(Xx, y, z, w, t) = M(y, X, z, w, t) =M (wz, X, y, t) =..;
(Symmetry)
(FM”-4) M(X, Y, Z,t +t+Hg+t,) = M(X, Y, Z, ut;) * M(X,y,u,w,b) *

M(x,u,z,w,38) * M(u,y,z,w,t);
(FM™-5) M(x, Y, z, w;): [0,00) = [0,1] is left continuous.

Definition 2.11. [16] Let (X, M, ¥) be a fuzzy-3 metric space. A sequencg {rR X is
said to convergent to a poinexX if

lim,_, ,M(Xp, X, &, b, t) =1,
for all a, be X, t > 0. Further, the sequence}{xs said to be Cauchy sequence in X, if
lim, .M (X, X @, b, t) =1 for alla, B X, t>0and p > 0. The space X is said to be
complete if every Cauchy sequence in it convergespoint of it.

Definition 2.12. [16] A function M is continuous in fuzzy-3 metric spaffewhenever
{Xn} = xand {y} —»y thenlim,_,,M(X,, ¥, &, b, t) = M(X, y, a, b, t) for all a,bX and
for eacht > 0.

Definition 2.13. [11] Let A and B mappings from a fuzzy metric space, X ) into
itself. The mappings are said to be compatible if
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lim,_,, M (ABx, BAX, t) =1 for all t > 0, whenever {kis a sequence in X such
that lim,_,,,AX, = lim,_,,.BX,= X for some x X.

Singh et al.[16] extend this concept in fuzzy-2 meetpaces and in fuzzy-3 metric spaces
as follows:

Definition 2.14. [16] Let A and B mappings from a fuzzy-2 metric spddg,M, *) into
itself. The mappings are said to be compatiblgrif,_,., M(ABXx,, BAX,,a, t) = 1 for all
t > 0 and & X, whenever {x} is a sequence in X such thlin,_,Ax,= lim,_.Bx,= X
for some xe X.

Definition 2.15. [16] Let A and B mappings from a fuzzy-3 metric spaeg,N, *) into
itself. The mappings are said to be compatiblinif,_,,, M(ABX,, BAX,, a, b, t) = 1 for
allt > 0 and for all a, & X, whenever {x} is a sequence in X such that

lim,,_,.,,AX, = lim,_,,,BX,= X for some »x X.

Definition 2.16. [17] Two self maps A and B of a fuzzy metric space (X xMare said
to be weak compatible if they commute at their cimlance points, that is Ax = Bx
implies ABx = BAX.

Definition 2.17. [18] Let A and B mappings from a fuzzy metric space KX,*) into
itself. The mappings are said to be semi-compatiblem,,_,.,M(ABx,, Bx, t) = 1, for all
t > 0, whenever {§§ is a sequence in X such tha,_,Ax,=lim,_,,Bx,= x for some
X €E X,

Singh et al.[16] extend this concept in fu2zynetric spaces and in fuzzy-3 metric
spaces as follows:

Definition 2.18. [16] Let A and B mappings from a fuzzy-2 metric spa¥eNl, =) into
itself. The mappings are said to be semi-compaiible

lim,_,,M(ABX,, Bx, a, t) = 1 for all t > 0 and@ X, whenever {x} is a sequence in X
such thatim,,_,,,AX, = lim,,_,,.Bx,= X for some > X.

Definition 2.19. [16] Let A and B mappings from a fuzzy-3 metric space Xx) into
itself. The mappings are said to be semi-compaiible

lim,_,,,M(ABX,, BXx, a, b, t) =1 for all t > 0 and agbX, whenever {x} is a sequence in
X such thatim,,_,.,,AX,= lim,,_,..BX,= x for some » X.

Definition 2.20. [3] A Pair (A, S) of self maps of a fuzzy metric spé¥eM, =) is said to
be reciprocal continuous lim,_,,ASx, = Ax andlim,_,SAx, = SX, whenever there
exist a sequence {ksuch thatlim,,_,,,AX, = lim,_,,,.Sx, = X for some > X.

In a similar manner, we extend the concept ofprecial continuity in fuzzy-2 metric
spaces and fuzzy-3 metric spaces as follows:

Definition 2.21. A Pair (A, S) of self maps of a fuzzy-2 metric spd¥, M, %) is said to

be reciprocal continuous Ifm,_,,ASx, = Ax andlim,_,SAx, = Sx, whenever there
exist a sequence {ksuch thatlim,,_,,,AX, = lim,_,,,.Sx, = X for some > X.
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Definition 2.22. A Pair (A, S) of self maps of a fuzzy-3 metric spdX, M, %) is said to
be reciprocal continuous lfm,_,,ASx, = Ax andlim,_,SAx, = Sx, whenever there
exist a sequence {ksuch thatlim,,_,,,AX, = lim,_,,,.Sx,= X for some > X.

Example 2.2. Let(X, M,*) be a fuzzy metric space, where X =4, Define self maps A
and B on X as follows
Ax={5X_4' ifXE[O,Z]} B :{xz, ifxE[O,Z]}
X—3, ifxe (24]) ° 3x, otherwise
X € [0,4].Define a sequencg,= (1 — %)

Then lim, , ABx,, = Iimn_,wA(l - ﬁ) 2= |imn%5(1 - %) —4=1=Ax
lim Ay = limp,,5(1-3) =4 =1
lim,,_,, BAX, = Iimn%B(5(1 - %) - 4)

0 5\ _ 5\ 2 _ _

= lim....B(1 - E2) =limy, (1-2)2=1=8x.
lim,,Bx, =limy,. (1-3) =1
lim,_,,ABx, = Ax and lim,_,,,BAx,, = Bx.
Thus pair (A, B) is reciprocally continuous.

3. Main results
Theorem 3.1. Let (X, M,*) be a complete fuzzy-2 metric space asd> t for all
te[0,1] andlet A, B, S and T be self maps of X such that
(3.1.1) AX)UB(X)SS(X)NT(X),
(3.1.2) Pairs (A, T) and (B, S) are semi compaténd are reciprocal continuous,
(3.1.3) aM(Tx,Sy,v,t) + bM(Tx,Ax,v,t) + cM(Sy,By,§)
+ max{M(Ax,Sy,v,t), M(By, Tx,v,t)}< qM(Ax,By,v,t)
for all x, ye X, where a, b, & 0, g > 0with g < (a+ b + c+1).
Then A, B, S and T have a uniqgue common fixed point
Proof: Let x, € X be any arbitrary point.
Since A(X)< S(X), there is a pointpe X such that Ax= Sx.
Again since B(X)c T(X) for this % there is a pointx€ X such that Bx= Tx..
Inductively, we construct a sequenceJyin X such that
Yon= AXon= S¥n+1@Nd ¥ni1= BXons1= TXonsn foralln =0, 1, 2,...
Let Man=M (Van, Yons1, 1) < 1 for all n.
Putting X = %n, ¥ = %n+in equation (3.1.3),we get
aM(TXan, S¥%n+1,V,t) + BM(TX%n, AXon,V,t) + CM(S%n+1, BX2n+1,V,1t)
+ max{M(Ax, S¥%n+1,V,t), M(BXon+1, TX2n,V, 1)} < qM(AX20,BXon+1,V,t)
aM(yZH—l!yZH!\lft) + bM()én-l,VZnaV,t) + CM(YZn,YZn+LV1t)
+ Max{M@Yan V,t), M(Yzn+1,Y2n-1V, 1)} < M (Yan Yones, V1)
Implies (a + b)M,.1+ cMo,+ 1 < qMa2,
(q' C) Man = (a + b)llen-l"' 1
(q 'C)M2n>(a + b) Mbn-1

i.e. Mbn> PMana> Mons where p &2

@9

>1, (.11
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Thus {M,,, n= 0} is an increasing sequence of positive real numbed®, 1] and
therefore tends to a limit £ 1.

We claim that L = 1, suppose if not i.e. L<1.

If L < 1, taking limit as B> o« in equation (3.1.1.1), we get L < L, which is a
contradiction. Therefore L = 1.

Now consider, for any positive integer p,

t t
M(yZn, y2n+p: v, t) = M(yZna y2n+laV:5) *---*M(y2n+p-]:y2n+pv15)
Implying limp_,cM (Yan, Yonsp V, )= 1% % 1 =1,
Thus {y} is a Cauchy sequence in X. Since X is compldterd exists a point@ X
such that the sequence.fly converges to ue X and subsequently, the sequences

{AX 2}, {BX 2n+11,{SX 2n+1} and {Txznsgtand its subsequences also convergesdoX.
Now we will show that u is a common fixed pointafB, S and T.

Step 1. Since the pair (A, T) is reciprocal continuous, get
lim. TAX,>Tu, alsolim, . TTx,—Tu,
and since pair (A, T) is semi compatible, we have
liMh o ATX,—>Tu.
Now we put X = TX, ¥ = %, in equation (3.1.3), we get
aM(TTX,, S%, v, t) + bBM(TTx,, ATXp, v, t) + cM(Sx, Bx,, v, t)
+ max{M(ATx, S, v, 1),M(BX,, TTX,, v, {)} < gM(ATX,, BX,, v, t)
Taking limit as r> o0, we get
aM(Tu, u, v, t) + bM(u, Tu, v, t) + cM(u, u, v, t)
+ max{M(Tu, u, v, t),M(Tiy, v, 1)} < gM(Tu, u, v, t)
aM(Tu, u, v, t) + bM(u, Tu, v, t) + ¢ +(Vu, u, v, t)< gM(Tu,u,v,t)
this gives € (g—a—b—1)M(Tuy,uy,v,1t)
i.e. M(Tu, u, v, t= (—) > 1,

C
g—a—b-1
Thus Tu =u.

Step 2. Put x = u and y =xin equation (3.1.3), we get
aM(Tu, Sx, v, t) + bM(Tu, Au, v, t) + cM(Sx Bx,, v, t)

+ max{M(Au, Sx v, t),M(Bx,, Tu, v, 1)} < qM(Au,Bx,, v, t)
Taking limit as m> o, we get
aM(u, u, v, t) + bM(u, Au, v, t) + cM(u, u, v, t)

+ max{M(Au, u, v, t),M(u, v, t)} < gM(Au,u,v,t)

a+bM(u, Au, v, t) + ¢ + max{M(Au, u, v,,t1} < gM(Au,u,v,t)
Implies (a+e&1) < (q—bM(Au,u,v,t)

atc+1l

ie. M(Au, u, v, & (W) >1,
This gives Au = u. Hence Au=u=Tu.

Step 3. Since the pair (B, S) is reciprocal continuous.

In this case, lim.,,,SBx,— Su, also lim_,,, SSx— Su

Since (B, S) is semi compatible, we have,ligB Sx,—Su.
Let X = %, Y = Sxin equation (3.1.3), we get

aM(Tx,, SSx, V, t) + bM(Tx, AX,, v, t) + cM(SSx, BSx, v, t)
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+ max{M(Ax SSx, Vv, t),M(BSx, Tx,, v, 1)} < qM(AX,, BSx,, v, t)
Taking limit as m> o, we get
aM(u, Su, v, t) + bM(u, u, v, t) + cM(Su, Su, v, t)
+ max{M(u, Su, v, t),M(Su, u,8} < gqM(u, Su, v, t)
Implies aM(u, Su, v, t) + b + ¢ + M(u, Sutyv< gM(u,Su,v,t)
(b+ck (g—a—1M(u,Syv,t)

ie. M, Su, v, tp (qf“ ) >1

a-1
This gives Su =u. Hence Au=Su=u=Tu.

Step 4. Put X = %, Y = u in equation (3.1.3), we get
aM(Tx,,Su,v,t) + bM(Tx,AXn,V,t) + cM(Su,Bu,V,t)

+ max{M(AxSu,v,t),M(Bu,Tx,v,t)} < gM(Ax,,Bu,v,t)
Taking limit as r> oo, we get
aM(u,u,v,t) + bM(u,u,v,t) + cM(u,Bu,v,t)

+ max{M(u,u,v,t),M(Bu,u,v,tx¥ gM(u,Bu,v,t)
a+ b+ cM(u,Bu,v,t) + £ gM(u,Bu,v,t)
Implies ( a+b+1x (q— c)M(u,Bu,v,t)
i.e. M (u,Bu,v,)> (a;t_’z 1y > 1 this gives Bu = u.
Hence u = Au = Su =Bu = Tu is a common fixed poind, B, S and T.
Uniqueness. Let z#u be another common fixed point of A, B, S andhgnt
Az=Bz=Sz=Tz=1z.
Put x =u and y = z in equation (3.1.3), we get
aM(Tu, Sz, v, t) + bM(Tu, Au, v, t) + cM(Sz, Bz, v,

+ max{M(Au, Sz, v, t),M(Bz, Tu, 1)} < gM(Au,Bz,v,t)
aM(u, z, v, t) + bM(u, u, v, t) + cM(z, z, v, t)

+ max{M(u, z, v, t),M(z, u, §} < gM(u,z,v,t)

aM(u, z, v, t) + b + c + M(u, z, v, § qM(u,z,v,t)
Implies (b+c)< (g — a— 1)M(u,z,v,t)

i.e. M(u, z, v, 3 (q:fl) >1
This gives u = z. Hence u is a unigue common fpeidt of A, B, S and T. This

completes the proof of the theorem.

Theorem 3.2. Let (X, M, ) be a complete fuzzy-3 metric space asigtt for all
te [01] and let A, B, S and T be self maps of X such that

(3.2.1) AX)U B(X) € S(X)NT(X);

(3.2.2) Pairs (A, T) and (B, S) are semi compatiimd reciprocal continuous;

(3.2.3) aM(Tx, Sy, v, w, t) + bM(Tx, Ax, v, w, t) + cM(SBY, v, w, t)

+ max{M(Ax, Sy, v, w, t),M(By, Tx, v, w, t)}< gM(Ax,By,v,w,t)
for all x, ye X,where a,b,& 0,9 > 0 with q < a+b+c+1.
Then A, B,S and T have a unigue common fixed point.
Proof: Let x, € X be any arbitrary point.
Since A(X)< S(X), there is a pointpe X such that Ay= Sx.
Again since B(X)ET(X) for this X there is a pointa>€ X such that Bx= Tx..
Inductively, we construct a sequencgJyn X such that
Yn= AXon= SXens18Nd Yne1= BXonr1= TXonsp foralln =0, 1, 2,...
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Let Man=M (Yan, Yon+1,V,W,t) <1 for all n.
Putting X = %, Y = %n+1in equation (3.2.3), we get
aM(TXon, S¥%n+1V W, 1) + BM(T%,AXon,V,W,1) + CM(S¥%p+12, BXon+1,V,W,1t)
+ max{M (A%, S¥on+1,V,W,t), M(BXon+1, TXon,V,W, 1)}
< gM (AXzn, BXon+1,V,W, 1)
aM(Yzn-1,Yor VW, t) + DM (¥on1,Y2n,V,W,1) + CM (Yo, Yon+1,V,W,1) +
Max{M@#, yzn V,W,t), M(Yn+1Y2n-1,V,W, 1)}
< q M (YZn:YZnHJV-W:t)
Implies (a + b) M1+ cM,,+ 1 < qM,,
(9-¢) Mh = (a+b)Mpn.1+1
(9-c) b > (a+b) M
(a+b)

i.e. Min> pMon.1> Moo, Where p -—-(ch) >1. (3.2.1.1)

Thus {M,,, n =0} is an increasing sequence of positive real numbef§, 1] and
therefore tends to a limit £ 1.

We claim that L = 1, suppose if noti.e. L < 1.

If L < 1, taking limit as m» « by equation (3.2.1.1), we get L < L, which is a
contradiction. Therefore L = 1.

Now consider, for any positive integer p,

M(y2n1y2n+p,V1W:t) = M(yZn,y2n+LVz w, %) *---*M(Y2n+p.1,YZn+p,V, w, 113)

Implying limpoM (Yan, Yonip Vs W, )= 1% .+ 1=1

Thus {y»} is a Cauchy sequence in X. Since X is compldierd is a point@& X such
that y, converges to & X and subsequently, the sequences AAEBX an+1},{SX 2n+1}

and {Txn+g and its subsequences also convergesdoKu
Now we show that u is a common fixed point of A3Band T.

Step 1. Since the pair (A, T) is reciprocal continuous, get
lim_ TAX,—>Tu, also lim_,TTx,—Tu.
And since (A, T) is semi compatible, we have
liMm_ ATX,—Tu.
Now we put x = TX, Yy = X, in equation (3.2.3), we get
aM(TTX,, Sx%,V,W,1) + bM(TTx,,ATXp,V,W,t) + cM(Sx,BXn,V,W,t)
+ max{M(ATx,Sx.,V,wW,t),M(BX,, TTx,,Vv,w,1)} < qM(ATX,BXn,V,W,1)
Taking limit as m> o, we get
aM(Tu,u,v,w,t) + bM(u,Tu,v,w,t) + cM(u,u,v,w,t)
+ max{M(Tu,u,v,w,t),M(u,Tu,v,%} < gqM(Tu,u,v,w,t)
aM(Tu,u,v,w,t) + bM(u,Tu,v,w,t) + ¢ + M(Tu,u,v,w,§ gM(Tu,u,v,w,t)
<(—a—b—-1)M(Tuy,u,v,w,t)
. C
i.e M(Tu,u,v,w,tp (—q_a_b_l) > 1.
This gives Tu =u.
Step 2. Put x = u and y =xin equation (3.2.3), we get
aM(Tu,Sx,v,w,t) + bM(Tu,Au,v,w,t) + cM(SxBXn,V,W,t)
+ max{M(Au,Sxv,w,t),M(Bx,, Tu,v,w,t)} < qM(Au,Bx,,V,w,t)
Taking limit as m> o, we get
aM(u,u,v,w,t) + bM(u,Au,v,w,t) + cM(u,u,v,w,t)
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+ max{M(Au,u,v,w,t),M(u,u,v,w,t) £ qM(Au,u,v,w,t)
a + bM(u,Au,v,w,t) + ¢ + max{M(Au,u,v,w,t1} < qM(Au,u,v,w,t)
Implies (a+e-1) < (g— b)M(AuU,u,v,w,t)

a+c+1.

i.e. M(AuU,u,v,w,t¥ ( b ) > 1.
This gives Au=u. Hence Au=u=Tu.

Step 3. Since the pair (B, S) is reciprocal continuous hage
lim,. SBx— Su, also lim_,SSx— Su
And since (B, S) is semi compatible, we have
lim_.BSx— Su.
Let X = X%, Y = Sxin equation (3.2.3), we get
aM(Txn, SSx,V,w,t) + bM(T X, AXp,V,W,t) + CM(SSx,BSx,,v,w,t)
+ max{M(AxX,SSx,V,w,t),M(BSx, TXn,V,w,t)}
< qM(AXn,BSx,,v,w,t)
Taking limit as r> oo, we get
aM(u,Su,v,w,t) + bM(u,u,v,w,t) + cM(Su,Su,v,w,t)

+ max{M(u,Su,v,w,t),M(Su,u,v,\},t< gM(u,Su,v,w,t)
aM(u, Su, v, w, t) + b + ¢ + M(u,Su,v,wggM(u,Su,v,w,t)
Implies (b +ck (q—a— 1My Suyv,w,t)

Implies M(u, Su, v, w, tp (qifl) >1
This gives Su = u. Hence Au =Su=u=Tu.

Step 4. Put X = %, Y = u in equation (3.2.3), we get
aM(Tx,, Su, v, w, t) + bM(Tx AXn, Vv, W, t) + cM(Su, Bu, v, w, t)

+ max{M(Ax, Su, v, w, t),M(Bu, Tx v, w, t)} < gM(Ax,, Bu, v, w, 1)
Taking limit as m> o, we get
aM(u, u, v, w, t) + b M(u, u, v, w, t) + ¢ M(u, By, w, t)

+ max{M(u, u, v, w, t),M(Bu, u, w, 1)} < qM(u,Bu,v,w,t)

a+b+cM(u,Bu,v,w,t)+xqM(u,Bu,v,w,t)
Implies (a + b +1x (g — c)M(u, By, v,w, t)

at+b+1

i.e. M (u, Bu, v, Wzt ( e ) > 1.

This gives Bu=u.
Hence u = Au = Su =Bu = Tu is a common fixed poind, B, S and T.

Uniqueness. Let z# u be another common fixed point of A, B, Sand T,
thenAz=Bz=Sz=Tz =1z
Put x =u and y = z in equation (3.2.3), we get
aM(Tu,Sz,v,w,t) + bM(Tu,Au,v,w,t) + cM(Sz,Bz,v,w,t)

+ max{M(Au,Sz,v,w,t),M(Bz,Tu,v,wiX gM(Au,Bz,v,w,t)
aM(u,z,v,w,t) + bM(u,u,v,w,t) + cM(z,z,v,w,t)

+ max{M(u,z,v,w,t),M(Ey,w,t)} < gM(u,z,v,w,t)

aM(u,z,v,w,t) + b + ¢ + M(u,z,v,w,& gM(u,z,v,w,t)
Implies (b+ck (g—a— 1M,z v,w,t)
i.e. M(u,z,v,w) ( btc ) > 1.

g—a—1
This gives u = z.
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Hence, u is a unique common fixed point @ A5 and T. This completes the proof

of the theorem.

4. Conclusion

Usingthe notion of semi-compatible and reciprocal caritinof mappings, theorem 3.1
and theorem 3.2 are generalization of some mesifllChauhan et al. [1] and Som [19]
resultsof from fuzzy metric spaces to fuzzy 2, fuzzy 3-tneespaces.
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