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1. Introduction

The concept of fuzzy sets, introduced by Zadeh [13] plays an important role in topology and analysis. Since then, there are
many authors to study the fuzzy sets with applications. Especially Kramosil and Michlek [5] put forward a new concept of
fuzzy metric space. George and Veeramani [3] revised the notion of fuzzy metric space with the help of continuous t-norm. As
a result, many fixed point theorems for various forms of mappings are obtained in fuzzy metric spaces. Dhage [2] introduced
the definition of D-metric space and proved many new fixed point theorems in D-metric spaces. Recently, Mustafa and Sims
[7] presented a new definition of G-metric space and made great contribution to the development of Dhage theory. Fixed
point theorems using the notion of compatibility of maps or by using its generalized or weaker forms are obtained by many
authors in varied spaces. In [12] Guangpeng Sun and Kai yang introduced the notion of Q- fuzzy metric space. In this
study we introduce the notion of generalized intuitionistic fuzzy metric space, which can be considered as a generalization
of fuzzy metric space. We show some new fixed point theorems in such generalized intuitionistic fuzzy metric spaces. The

results presented in this paper improve and extend some known results.

2. Generalized Intuitionistic Fuzzy Metric Spaces

Definition 2.1. A binary operation  : [0,1] x [0,1] — [0,1] is a continuous t-norm if it satisfies the following conditions:

(1). * is associative and commutative
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(2). * is continuous
(8). ax1=a for all a € [0,1]
(4). a*b< cxd whenever a < ¢ and b < d, for each a,b,c,d € [0,1].

Definition 2.2. A binary operation < : [0,1] x [0,1] — [0, 1] is said to be a continuous t- conorm if it satisfies the following

conditions:

(1). & is associative and commutative.

(2). & is continuous.

(8). a0 = a for all a € [0,1]

(4). adb < c{d whenever a < ¢ and b < d, for each a,b,c,d € [0, 1].

Definition 2.3. A 3-tuple (X, Q, ) is called a Q-fuzzy metric space if X is an arbitray (non-empty) set, x is a continuous

t-norm, and Q is a fuzzy set on X> x (0,00), satisfying the following conditions for each x,y,z,a € X and t,s > 0:
(1). Q(z,z,y,t) >0 and Q(z,z,y,t) < Q(z,y,2,t) for all z,y,z € X with z #y

(2). Q(z,y,2z,t) =1 if and only if t =y =z

(3). Q(z,y, 2z,t) = Q{p(z,y, z),t}, (symmetry) where p is a permutation function,

(4). Q(z,a,a,t) *xQ(a,y,z,5) < Q(x,y,z,t+ s)

(5). Q(z,y,z,-): (0,00) = [0,1] is continuous

A Q-fuzzy metric space is said to be symmetric if Q(x,y,y,t) = Q(z,x,y,t) for all z,y € X.

Definition 2.4. A 5-tuple (X, Q, H,*,<) is said to be an generalized intuitionistic fuzzy metric space (for short GIFMS)
if X is an arbitrary set, * is a continuous t-norm, < is a continuous t-conorm and Q, H are fuzzy set on X — (0, 00)

satisfying the following conditions. For every x,y,z,a € X and t,s >0

(1). Q(z,y,z,t) + H(z,y,2,t) <1

(2). Q(z,z,y,t) >0, forallxz #y

(3). Qz,z,y,t) = Qz,y, 2,1) fory # z

(4) Qz,y,z,t) =1iffr=y =2z

(5). Qz,y,z,t) = Q{p(x,y, 2),t}, where p is a permutation function.

(6). Q(z,a,at) * Q(a,y,2,s) < Qz,y,z,t + )

(7). Qz,y,z,-) : (0,00) = [0,1] is continuous

(8). Q is non decreasing function on R* tllglo Qz,y,z,t) =1 and }gr(l) Qz,y,2,t) =0, for all z,y,z € X, t >0
(9). H(z,z,y,t) <1, forallz #y
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(11). H(z,y,2,t) =0 iff e =y =z

(12). H(z,y, z,t) = H{p(z,y, 2),t} where p is a permutation function.

(138). H(z,a,at)OH(a,y, z,s) > H(z,y,z,t + s)

(14). H(z,y,z,+) : (0,00) — [0,1] is continuous

(15). H is a non- increasing function on R* tlggo H(z,y,z,t) =0 and tlgr(l) H(z,y,2z,t) =1 for all z,y,z € X, t >0
In this case, the pair (Q, H) is called an generalized intuitionistic fuzzy metric on X.

Example 2.5. Let (X,Q) be a Q-metric space, for all z,y,z € X and every t > 0, Consider @, H to be fuzzy sets on

X3x(0,00) defined by Q(x,y, z,t) = and H(z,y,z,t) = Qewzt) ond denote axb = ab and aldb = min{a+b,1}.

____t
t+Q(z,y,2,t) t+Q(z,y,2,t)

Then (X, Q, H,*,$) is an generalized intuitionistic fuzzy metric space. Notice that the above example holds even with the

t-norm a * b = min{a, b} and t-conorm ab = max{a,b}.

Remark 2.6. In an generalized intuitionistic fuzzy metric space Q(x,y,z,-) is non-decreasing and H(z,y,z,-) is non-

increasing for all ©,y,z € X.

Definition 2.7. Let x € X, where (X,Q, H,*,${) is an generalized intuitionistic fuzzy metric space. Then, for r € (0,1)
and t > 0, the set Bg,u(z,r,t) ={y € X : Q(z,y,y,t) > 1 —r and H(z,y,y,t) <r} is said to be an open ball with centre

x and radius r with respect to t. Note that every open ball Bg g (x,7,t) is an open set.
Definition 2.8. Let (X,Q, H,*,${) be an generalized intuitionistic fuzzy metric space, then

(1). A sequence {xn} in X is said to be convergent to z if lim Q(zn,Tn,z,t) =1 and lim H(zp,zn,z,t) = 0.

(2). A sequence {xn} in X is said to be Cauchy sequence if lim Q(Tn,Tn,Tm,t) =1 and lim H(xn,ZTn,Tm,t) =0 that
n,m—oo n,m—oo

is, for any € > 0 and for each t > 0, there exists no € N such that Q(Tn,Tn,Tm,t) > 1 —¢ and H(Tn,Tn,Tm,t) < &

for n,m > no.

(3). A generalized intuitionistic fuzzy metric space (X, Q, H,*,<) is said to be complete if every Cauchy sequence in X is

convergent.

Definition 2.9. Let f and g be two self mappings of a generalized intuitionistic fuzzy metric space (X, Q, H,*,$) If f and
g satisfy the following conditions: There exists a sequence {xn} such that lim Q(fzn,u,u,t) = lim Q(gxn,u,u,t) =1 and
n— o0 n— oo

lim H(fxn,u,u,t) = lim H(gzn,u,u,t) =0 for some u € X and t > 0, we say that f and g have the property (E.A).
n—oo

n—o0o

Definition 2.10. Let (X, Q, H, *, ) be a generalized intuitionistic fuzzy metric space. The following conditions are satisfied

lim  Q (Tn, Yn, 2n,tn) =Q ( x,y,2,t) and lim H (Tpn,Yn, 2n,tn) =H ( x,y, 2,t). Whenever lim z, = z; lim y, =y ;
n n—r oo

n—00 — 00 n—00

lim 2z, =z and lim Q (z,y,%, tn)=Q( z,y,2,t) , im H (z,y,2, tn)=H( z,y,2,t) then Q, H are called convergent
n—oo n—roo

n—oo

function on X3 x (0, 00).

Lemma 2.11. Let (X,Q, H,*,<) be a generalized intuitionistic fuzzy metric space. Then Q, H are continuous function on

X3 x (0, 00).

Proof. Since lim z, = z; lim y, = y; lim 2z, = 2. lim Q(z,y,2,tn) = Q(z,y,2,t) and lim H(z,y,2,t,) =
n—00 n— 00 n—»00

n—r00 n—r00

H(x,y,2,t). There is no € N such that |t —t,| < € and |t —t,] > 6 for n > ng and € < ¢/2 and 6§ > t/2. We know
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that Q(x, y, z, t) is non -decreasing and H(x, y, z, t) is non-increasing with respect to t, So, we have

Q(xn»ynyznat)zQ(mnayn7 vat - 6)

2Q(wn, 2,7, 5) * Qs gy 20st = 1)
ZQ(fvmfv»fCé) *Q(yn,%y,%) * QY @, 2n,t — %)
>Q(xn,z, x, %) * Q(Yn, Y, Y, %) * Q(zn, 2, 2, %) * Q(z,y,2,t —2¢) and
H(Zn,Yn, 2n,t) < H(Tn, Yn, 2n,t — 9)
<H(zp,z,z, g)OH(m,yn,zn,t— %3—6)
<H (@m0, DOH a0, DOH (2,20, — )

SH(ZEn,ZC,CE, g)OH(y”Hya y7 g)OH(z”H 252, g)QH(Zayy Zat - 26)

Q(z,y,z,t +2e)>Q(z,y, z,tn + €)

2
ZQ(vamxn,g) * Q(xn, Y, 2, tn + ?8 )

>Q(z, Tn, Tn, %) *Q(y,yn,yn,g ) % Q(Yn, Tny 2, tn + %)
2Q(@, 20,0, ) * Q.Y ) * Q2 2, 2, 5) * Q2,92 0) and
H(z,y,z,t+2 0)<H(z,y,z,tn + 0)
<H(z,Zn,Zn, g)OH(azn,y,z,tn—i— 23—6)
SH(wimxmg)OH(y:ymymg)OH(yn,mn,Z,thr g)

) ) 1)
SH(Q::ITHITH §)<>H(y7ynayn7 §)<>H(Z7anzrh §)<>H(Z,y,il),tn)

Let n — oo, by continuity of the function Q, H with respect to t, we can get Q(z,y, z,t+2¢) > Q(z,y,z,t) > Q(z,y, z,t —2¢)

and H(x,y,z,t+20) < H(z,y,z,t) < H(z,y,x,t — 26). Therefore Q, H are continuous function on X* x (0, c0). O

Definition 2.12. Let f and g be self maps on generalized intuitionsitic fuzzy metric space (X, Q, H, %, {). Then the mappings

are said to be weakly compatible if they commute at their coincidence point, that is, fx = gz implies that fgr = gfx.

Definition 2.13. Let f and g be self maps on generalized intuitionistic fuzzy metric space (X, Q, H, *,$>). The pair (f,g) is
said to be compatible if lim Q( fgz, , 9fTn, gfzn,t)= 1 and lim H( fgz, gfxn,gfzn,t)= 0 Whenever {z,}
n—oo n— oo ’

is a sequence in X such that lim fx,= lim gz,= =z for some z € X.
n— oo n—oo

3. Main Theorem

The following theorem deals with four self maps.

Theorem 3.1. Let A, B, S and T be four self maps on a complete generalized intuitionistic fuzzy metric space (X, Q, H, *,
&) such that Q, H are symmetric with continuous t-norm, t+t >t and continuous t-conorm (1 —t)$(1—t) < 1—t satisfying

the following conditions:
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(1). AX CTX, BX C SX

(2). S and T are continuous

(3). {A,S} and {B,T} are compatible pairs of maps

(4). For all z,y,z € X, k€ (0,1), t >0 and B € (0,2) with

*Q(Bya va SZ? (2 - B)t) * Q(Al’, TZ/, Ty: ﬂt)

Q(Az, By, Bz, kt) >

H(Sz, Ty, Tz,t)0H(Az, Sz, Sz, t)OH(By, Ty, Tz,t)

H(Az, By, Bz, kt) <

Then A, B, S and T have unique common fized point in X.

Proof. Let zo be any arbitrary point in X. Then by condition (1) we can construct a sequence {y,} in X such that

Yon—1 = TTon—1 = Axan—2 and y2, = St2p = Bxan—1, n =1,2,.... From the condition (4), we have

Q(Y2n+1, Y2n+t2, Yont2, kt) = Q(Az2n, Brany1, Brani, kt)

Q(S:CQn, Txont+1, Tx2n+t1, t) * Q(Axgn, STon, STont1, t)*

\%

Q(Bzont1, To2nt1, TT2n+1,1) * Q(AT2n, To2n41, TT2n+1, Bt)*
Q(B$2n+1, S.TQn, Sl‘2n+l7 (2 - ﬂ)t)

Q(Y2n, Y2n+1, Y2n+1, 1) * Q(Y2n+1, Y2n, Y2nt1, L)*

=19 Qy2n+2,Y2n+1,Y2n+1,1) * Q(Y2n+1, Y2n+1, Y2n+1, B)*

Q(yan+2, Y2n, Yan+1,(2 — B)t)
QW2n+1, Y2n+2, Yan+2, kt) > {Q(y2n, Y2n+1, Y2n+1,t) * Q(Y2n+2, Yon+1, Y2n+1,1) * Q(Y2n+2, Y2n, Y2n+1, (2 — B)t}

QY2n, Yon+1,Y2n+1, 1) * Q(Y2n+2, Y2n+1, Y2n+1,t)

*Q(y2n+2, Y2n, Yan+1, (1 + @)t)

H(Y2n+1, Y2n+2, Yon+2, kt) = H(Az2n, Brant1, Brant1, kt)

H S:L'Qn, T:L'gnJrl, Tx2n+1, t)QH(Al’zn, Sl’zn, S$2n+1, t)<>

IA

H(Bzon+1, Txon+1, Txon+1, ) OH(Azon, Txon+1, Tx2n+1, Bt)$

(
(
(Bxant1, STan, Swant1, (2 — B)t)
(
(
(

T

Yon,s Y2nt1, Yan+1, ) O H (Y2n41, Y2n, Y2nt1, 1) O

=9 H(Yzn+2,Y2n+1,Y2n+1, ) O H (Y2n+1, Y2nt1, Yont1, Bt)O

H(Y2n+2, Y2n, Y2n+1,(2 — B)t)
H(y2n+1,y2n+2, Y2n+2, kt) < {H (Y20, Yon+1, Y2n+1, ) OH (Yan+2, Yon+1, Y2n+1, 1) H(Y2n+2, Y2n, Yan+1, (2 — B)1)}

H(y2n, Yan+1, Yont1, ) OH (Yant2, Yant1, Y2nt1,t)

OH(y2n+2, Yon, Yant1, (1 + q)t)
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Here f=1—g¢q, g€ (0,1)

QW y y k) > Q(Y2n, Y2n+1,Y2n+1, ) * Q(Y2n+2, Y2nt1, Y2n+1,t)
2n+1, Y2n+2, Y2n+2, =

*Q(Y2n+2, Y2n+1, Y2n+1, ) * Q(Y2n+2, Y2n, Y2n+1, qt)

v

*Q(Y2n+1, Y2n, Y2n+1, qt)

H(y2n, Yan+1, Y2nt1, L) O H (Yant2, Yant1, Y2nt1, L)

IN

H(Y2n+1,Y2n+2, Y2nt2, kt)
H(y2nt2, Y2nt1, Y2nt1, t) O H (Y2nt2, Yon, Y2nt1, qt)

{ QY2n, Y2n+1,Y2n+1, 1) * Q(Y2n+2, Y2n+1, Y2n+1,t)

H(y2n, y2n+1, Y2n+1, 1) O H (Y2n+2, Y2n+1, Y2n+1, 1)

IA

QH(Y2n+1,Y2n, Y2n+1, qt)

Since the t-norm and t-conorm are continuous and Q(z,vy,-) and H(z,y, ) are continuous. Letting ¢ — 1 we get

Q(Y2n+1, Y2n+2, Yan+2, kt) > {Q(Y2n, Y2n+1, Y2n+1, 1) * Q(Y2n+2, Y2n+1, Y2n+1, 1) * Q(Y2n41, Y2n,Y2n+1,1) }

H(Y2n+1, Y2n+2, Yant2, kt) < {H (y2n, Y2n+1, Y2n+1, ) O H (Y2n+2, Y2n+1, Yon+1, ) O H (Y241, Y2n, Y2n+1, 1) }

Since Q, H are symmetric and, ¢t x¢t >t and (1 — ¢)>(1 —t) < 1 —t we have
QY2n+1,Y2n+2, Y2nt2, kt) > {Q(Y2n, Y2n+1, Yan+1,1) ¥ Q(Y2n+1, Y2nt2, Y2nt2,t) } -
In general Q(Yn+1, Yn+2, Yn+2, kt) > {QYn, Yn+1, Yn+1,t) * Q(Un+1, Yn+2, Yn+2,t)}. Then
t t
Q(yn+17yn+27yn+2a t) > 9 Q| Yn, Ynt1,Yn+1, % * Q| Ynt1s Ynt2, Ynt2, % .

Thus Q(Ynt1, Yn+2, Yn+2,kt) > {Q (Yn, Ynt1,Yn+1,t) * Q (Yn, Ynt1,Ynt1, £) * Q (Ynt1, Yn+2, Yn+2, +) }. By repeatedly ap-
plying this,
Q (Yns Yn+1,Yn+1,1) * Q (yn Yn+1, Yn+1, L)
Q(Yn+1;Yn+2, Ynt2, kt) > 7 . 7 g .
*oeeo ok Q (yTh Yn+1;Yn+1, kT) * Q (yn+1,yn+2,yn+27 kTo)

and H(y2n+1, Y2n+2, Yan+2, kt) < {H (Y2n, Y2n+1, Y2n+1, 1) H(Y2n+1, Y2nt2, Y2nt2,t) }. In general
H(Yn+1, Yn+2, Ynt2, kt) < {H(ym Yn+1, Yn+1, t)OH(yn+17 Yn+2, Yn+2, t)} .

Then

t t
H(yn+17 Yn+2, Yn+2, t) S {H (y'ru Yn+1, Yn+1, E) <>H <yn+17 Yn+2, Yn+2, E) } .

Thus H (Yn+1, Ynt2, Ynt2, kt) < {H Y, Yt 1, Yns1,8) OH (Yns Ynt1, Yntt, ) O H (Yns1, Yns2, Ynt2, 1) }- By repeatedly ap-
plying this,
H Yoy Yt Yt 1, 8) OH (Y, Y1, Y, £
H(Ynt1, Ynt2, Ynt2, kt) < o am " ( t" n n k) t
<> e <>H (ynvyrH-lv Yn+1, ﬁ) <>H (yn+17yn+2’yn+27 ﬁ)

Since Q(z,y, 2, -) is non decreasing and H(zx,y, z, -) is non increasing, by lemma , we have

Q (yn’ Yn+1, Yn+1, t) * Q (yn7 Yn+1,Yn+1, t)
Q(Yn+1,Yn+2, Ynt2, kt) >

k00 k Q (Yns Ynt 1, Ynt1, 1) * Q (yn+17yn+2vyn+2a kil’)
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H (Yn, Yn+1, Yn+1,t) OH (Yn, Ynt1, Ynt1, 1)
H(yn+1a Yn+2, Yn+2, kt) <

& OH (Yny Ynt1, Ynt1, 1) GH (yn+1a Yn+2, Yn+2, k%)

Since t * t > t, we have
t
QWn+1,Yn+2, Yn+2, kt) > 1 Q (Yn, Un+1,Un+1,t) * Q | Yn+1, Yn+2, Un+2, e

Q (yn+1a Yn+2, Yn+2, kLp) — 1 as p — oo. Therefore, Q(yn+l»yn+27 Yn+2, kt) >Q (y’ﬂ7yn+17y’ﬂ+1a t) ’
Since (1-t)(1-t) < (1- t), we have

t
H(yn+1> Yn+2, Yn+2, kt) < {H (ym Yn+1, Yn+1, t) OH <yn+17 Yn+2, Yn+2, ﬁ) }

H (yn+17yn+27yn+27 kLP) — 0 asp — oo. Therefore7 H(y"+17yn+2v Yn+2, kt) <H (y’ﬂ7yn+17y’ﬂ+1at)' By lemma {y’ﬂ} is a
Cauchy sequence in X.
Since X is complete {y,} converges to a point u € X. Since {Azon—2}, {Tr2n-1}, {S22n} and {Bxan—1} are subsequence of

{yn} we have,

Azon—o — u and TTon_—1 — u

Sxon — u and Bxon—1 — u
and Sand T are continuous, therefore we have,

SAxo,_2 — Su and TTz2,—1 — Tu

SSz2, — Su and T Bxon—1 — Tu

Since the pair {4, S} is compatible, Q(ASx2n, SAT2n, SAxon,t) — 1 and H(ASxon, SATon, SAzon,t) — 0 as n — oo.
Consider,

Q(ASz2n, Su, Su,t) > {Q <ASm2n7SAm2n,SAx2n, %) *Q (S’u, Su, SAzon, %)} and

H(ASxan, Su, Su, t) < {H (Asx2n, S Az, S Azan, %) OH (Su, Su,, S Azan, %)}

Taking limit n — oo we get ASz2n — Su. {B,T} is also compatible, then Q(BTx2n-1,TBx2n-1,TBxon—1,t) — 1 and

H(BTz2n-1,TBx2n—1,TBxon—1,t) = 0 as n — oo. Then,

Q(BTz2n-1,Tu,Tu,t) > Q (BT(Eanl,TB$2n71,TBl'2n,1, %) *Q (TBQ?anl,Tu, Tu, %) and

H(BT.’L’Qn_hTU, TU, t) S H (Bszn_l,TBZIJQn_l,TB$2n_1, %) <>H (TBIL’Qn_l,TU, Tu, %) .

This implies BTx2n,—1 — Tu as n — co. Substituting x = Sx2,—1 and y = Tan42 = z with 8 = 1 in condition (4), we obtain

Q(SSzan+t1, Txont2 + TTont2,t) * Q(ASTont1, SSTant1, STant2,t)
Q(Asm2n+17 B$2n+1, B-T2n+27 kt) > Q(B.’L‘Qn_;,_z, Tl’2n+2, Tx2n+27 t) * Q(B:L‘Qn_;,_z, SS.’L‘QnJ,.Q, S$2n+2, t)*

Q(ASzont1, Txont2, TTon42,1t)
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as n — oo, we get

Q(Su, u,u, kt) > {Q(Su,u, u,t) * Q(Su, Su,u, t)*x Q(u,u,u,t) * Q(u, Su,u,t) * Q(Su,u,u,t)}

H(SSz2n+1, Trant2, To2ny2,t)OH(AST2041, SST20+41, ST2nt2,1)O
H(ASm2n+1, Bm2n+17 B$2n+27 kt) < H(Bl’2n+2, T332n+2, T$2n+2, t)OH(B$2n+2, SS$2n+2, S$2n+27 t)<>

H(ASx2n+17 Txont2, TTant+2, t)

as n — oo, we get

H(Su,u,u, kt) < {H(Su,u,u,t)OH(Su, Su,u,t) H(u,u,u,t)OH (u, Su,u, t)d H(Su,u,u,t)}

Thus, Q(Su,u,u,kt) > Q(Su,u,u,t) and H(Su,u,u, kt) < H(Su,u,u,t)since Q, H are symmetric. Hence by lemma, we

obtain Su = u. Put £ = v and y = x2np+1 = z with S =1 in condition (4), we have

Q(Su, Tzant1, To2n41,t) * Q(Au, STant1, STant1,)*
Q(Au, Bxany1, Brany1, kt) > Q(Bzont1, Tx2n+1, TTon+1,t) * Q(BTant1, Su, STant1, t)*

Q(Au, T$2n+1, T$2n+1, t)
Taking limit n — oo, we obtain

Q(Au, u,u, kt) > {Q(Su, u,u, t) * Q(Au, Su, u, t)* Q(u,u, u,t) * Q(u, Su,u,t) * Q(Au,u,u,t)} and

H(Su, T$2n+1, T$2n+1, t)OH(Au, S$2n+1, Sx2n+1, t)<>
H(Au7 B$2n+17 B552n+17 kt) < H(Bx2n+1, Tx2n+1, Txony1, t)QH(BIQn_H, Su, Sx2n+1, t)<>

H(Au, Tzani1, T2n11,1)

Taking limit n — oo, we obtain

H(Au,u,u, kt) < {H(Su,u,u, t)OH(Au, Su,u, t)$ H(u,u, u, t)OH (u, Su, u, t) H(Au,u,u,t)}

Thus Q(Au,u,u, kt) > Q(Au,wu,u,t) and H(Au,u,u, kt) < H(Au,u,u,t). Therefore by lemma, we obtain Au = u. Now

setting, r = xon+1, Yy = Txan+2 =z and =1

Q(Sx2n+l, TTxont+2, TTxont2, t) * Q(Az2nt1, STont1, STTon+2, t)*
Q(A-T2n+la BT1'2n+27 BTx2n+27 kt) > Q(BT$2n+2, TTl’2n+2, TT(EQn+2, t) * Q(BTIL’Qn+2, S.’E2n+27 ST$2n+2, t)*
Q(A$2n+1, TT$2n+2, TTJJ2»,L+2, t)

Taking limit n — co we get,

Q(u, Tu, Tu, kt) > {Q(u, Tu, Tu, t) * Q(u,u, Su, t)* Q(Tu,Tu, Tu,t) * Q(Tu,u, Su,t) * Q(u, Tu,Tu,t)}

and

H(S$2n+1, TT:L’Qn+2, TT$2n+2, t)OH(A.’L’Q»,H_l, S$2n+1, ST:EQn+2, t)<>
H(A$2n+1, BT$2n+2» BTl’Qn-&-Qy kt) < H(BT:E2n+2, TT$2n+2, TT$2n+2, t)QH(BT$2n+2, S$2n+2, ST:L‘gnJrQ, t)<>
H(A$2n+17 TT$2n+2, TTx2n+2, t)
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Taking limit n — oo we get,
H(u,Tu,Tu,kt) < {H(u,Tu, Tu, t)O>H (u, u, Su, t)> H(Tu, Tu, Tu, t)OH(Tu, u, Su, t)> H(u, Tu, Tu, t)}

Thus Q(u,Tu, Tu,kt) > Q(u,Tu,Tu,t) and H(u,Tu,Tu,kt) < H(u,Tu,Tu,t). Since Q, H are symmetric. Therefore,

Tu = u. Similarly on substituting z = zop+1, y = u = z and § = 1 in contractive condition

Q(Az Bu. Bu.t) > Q(Szant1, Tu, Tu,t) * Q(Ax2nt1, STant1, Su, t)*
2n+1, ) ) -

Q(Bu,Tu,Tu,t) * Q(Bu, Stant1,Su,t) * Q(Axont+1, Tu, Tu,t)

Taking limit n — oo, we get

Q(u, Bu, Bu, kt) > {Q(u,u,u, t) * Q(u,u,u, t)* Q(Bu,u,u,t) x Q(Bu,u,u,t) * Q(u,u,u,t)}

And

H(Szon+1, Tu, Tu,t)OH(Az2n+1, STont1, Su, t)
H(Az2n+1, Bu, Bu,t) < (S22 ) (Azznt1, STanin )
H(Bu,Tu,Tu,t)0H(Bu, Stont1, Su, t)OH(Axont1, Tu, Tu, t)

Taking limit n — oo, we get
H(u, Bu, Bu, kt) < {H(u,u, u, t)0H (u,u, u, t)$ H(Bu,u,u, t)OH(Bu,u,u, t)d H(u,u,u,t)}

Thus Bu = u. Hence Au = Bu = Su = Tu = u. Thus u is a common fixed point of A, B, S and T.
Uniqueness: Let us assume that w be another common fixed point of A, B, S and T. Put x = w and y = z = w in
condition (4),

O(Au, Buw, Bu.t) > Q(Su, Tw, Tw,t) * Q(Au, Su, Sw, t)*

Q(Bw,Tw, Tw, t) * Q(Bw, Su, Sw, t) * Q(Au, Tw, Tw, t)

H(Su, Tw, Tw,t)H(Au, Su, Sw, t)$
H(Au, Bw, Bw,t) < ( JOH( )

H(Bw,Tw, Tw, t)H(Bw, Su, Sw, t)OH (Au, Tw, Tw, t)
Again by lemma, we obtain z = w. O

Corollary 3.2. Let A, S and T be self maps on a complete generalized intuitionistic fuzzy metric space (X, Q, H,*,{) such
that @Q is symmetric with continuous t-norm, t+t >t and H is symmetric with continuous t-conorm (1 —t)$(1—1¢) < (1—1t),

satisfying the following conditions:

(1). AX CTX, AX C SX

(2). S and T are continuous

(3). {A,S} and {A, T} are compatible pairs of maps

(4). for all z,y,z € X, k € (0,1), t >0 and B € (0,2) with

Sx, Ty, Tz,t) * Q(Ax, Sz, Sz, t) * Q(Ay, Ty, Tz, t)*
Q(Az, Ay, Az, kt) > @ Y ) * Q( ) * Q(Ay, Ty ) o

Q(Aya SI’ SZ? (2 - ﬂ)t) * Q(ALL', Ty7 Ty7 5t)

H(Sz, Ty, Tz,t)O0H(Ax, Sz, Sz, t)OH(Ay, Ty, Tz, 1)
H(Aw, Ay, Az kt) < ( Yy JOH( )OH (Ay, Ty )

H(Ay7 Sl’, SZ? (2 - ﬂ)t)OH(Al‘, Ty7 Ty7 th)
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Then A, S and T have unique common fized point in X.

Proof. Proof is obtained by substituting A = B in Theorem 3.1. O

Corollary 3.3. Let A, B and T be self maps on a complete generalized intuitionistic fuzzy metric space (X, Q, H, *,<>) such
that @Q is symmetric with continuous t-norm, t+t >t and H is symmetric with continuous t-conorm (1 —t)O(1—1¢) < (1—1),

satisfying the following conditions:

(1). AXCTX,BXCTX

(2). T is continuous

(3). {A, T} and {B, T} are compatible pairs of maps

(4). for all z,y,z € X, k€ (0,1), t >0 and B € (0,2) with

Tx, Ty, Tz, t) * Q(Ax, Tx, Tz,t) * Q(By, Ty, Tz,t)*
O(Az, By, Bz, kt) > Q( Y ) *Q( ) * Q(By, Ty ) nd

H(Tz, Ty, Tz, t)OH(Az, Tz, Tz, t)O0H(By, Ty, Tz, t)
H(Az. By, Bz ki) < ( y JOH( )OH(By, Ty )

H(By7 T:% TZ7 (2 - ﬂ)t)OH(Amz Ty7 Ty7 /Bt)
Then A, B and T have unique common fixed point in X.

Proof. Proof is obtained by substituting S = T in Theorem 3.1. O

Corollary 3.4. Let A and T be self maps on a complete generalized intuitionistic fuzzy metric space (X, Q, H,*, <) with

continuous t-norm, and continuous t-conorm satisfying the following conditions:
(1). AX CTX

(2). T is continuous

(3). the pair {A, T} is compatible

(4). for all z,y,z € X, k € (0,1), t >0 and B € (0,2) with

M(Tz,Ty,Tz,t) « M(Ax, Tz, Tz, t) « M(Ay, Ty, Tz, t)*
M(Az, Ay, Az, kt) > ( 4 ) ( ) (Ay, Ty ) and

M(Ay, Tz, Tz, (2 — B)t) x M(Az, Ty, Ty, 5t)

N(Tz, Ty, Tz, t)ON(Az, Tz, Tz, t)ON(Ay, Ty, Tz, 1)
N(Az, Ay, Az kt) < ( Y JON( JON(Ay, Ty )

Then A and T have unique common fized point in X.

Corollary 3.5. Let A and B be self maps on a complete generalized intuitionistic fuzzy metric space (X, Q, H,, ) with

continuous t-norm and continuous t-conorm if there exist a constant k € (0,1), t > 0 and B € (0,2) with

M(z,y,z,t) « M(Ax,x, 2,t) * M(By,y, z,t)*
M(Az, By, Bz, kt) > (@92, 8) » M( ) * M(By,y, z,t) .

M(Byaxazv (2 - B)t) * M(Axvyangt)

N(l:’ y? Z’ t)QN(A:L.7 :'E7 Z? t)<>N(By7 y) 27 t)<>

N(By,w, z, (2 - 5)t)<>N(A$>y7y7 Bt)

N(Az, By, Bz, kt) <

Then A and B have unique common fized point in X.
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Proof. Proof is obtained by substituting SX = TX = IX in theorem 3.1. O
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