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1. INTRODUCTION

It is notable that the fuzzy metric spaces are a speculation of the metric spaces, in light of the theory
of fuzzy sets. Kramosil and Michalek [8] presented a fuzzy metric space playing out the probabilistic
metric spaces way to deal with the fuzzy settings. Further on, George and Veeramani [4] modify the
idea of fuzzy metric space. Fisher [2], Aliouche and Fisher [1], Telci [13] demonstrated a few related
fixed point theorem in compact metric s paces. As of late, Rao et.al [10] demonstrated some related fixed
point theorem in successively compact fuzzy metric spaces. Related fixed point theorem on three metric
spaces have been examined by R. K. Jain et al. [5]. In this paper, we have demonstrated basic common
fixed p oint t heorems on t hree complete intuitionistic generalized fuzzy metric s paces which improve the

consequences of R. K. Jain et al. [5].

2. PRELIMINARIES

Definition 2.1. Let (X, M, N, %, ¢) is said to be an IGFMS, if X is an arbitrary nonempty set,  is a

continuous t-norm, ¢ is a continuous ¢ - conorm, M and N are fuzzy sets on 3 x (0, co) satisfying the
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following conditions:

For every o, 3,7, € X and t,s > 0.

(i) M(a, B,7,1) * (a Biyt) <1
(i) M(e, 8,7,1) >
(iil) M(a, B,7,t) =1 if and only if « = 5 = 7,
(iv) M(a, B,7,t) = M(p(e, B,7),t), where p is a permutation function,
(v) M(e, 8,6, t) * M(6,7,7,5) < M(a, 8,7t + 5),
(vi) M(e, 8,7,.) : (0,00) — [0,1] is continuous,
(vii) N(a, B,7,t) > 0.
(viii) N(e, 8,7,t) =0 if and only if « = 8 =,
(ix) N(ay, B,7,t) = N(p(av, 8,7),t), where p is a permutation function,
(x) N(a, 8,5, t><>N<6 7,7,8) = N(a, B9, + ),
(xi) N(a, B8,7,.) : (0,00) — [0, 1] is continuous.

is called an IGFMS on X.

Then, the pair (M, N

Example 2.2. [12] Let X = A. Define a * b = min{a,b}, a0b = max{a,b}, for all a,b € [0,1] and
-1

M(e, B,7,t) = [exp (la*ﬂlﬂﬁ?’”l%a‘” and
-1

N(a, 8,7,t) = {exp (\a—ﬁ\+\l3;v|+\’y—al>} [exp (Ia—ﬁ\+|ﬁ;’y|+\'y—al> _ 1} for all a, 8,7 € X and t €

(0,00). Then, (X, M, N, x, ) is a IGFMS.

Example 2.3. [12] Let X be a metric space. Define a * b = min{a, b}, aQb = max{a,b}, for all
a,b € [0,1] and M(a, B,7,t) = mrrmbragsy and N, 8,7,t) = #ﬁl};w for all o, B, € X and
k,m,n € N,t € (0,00). Then, (X, M,N,*, ) is a IGFMS.

Definition 2.4. [I2] Let (X, M, N, x, ) be a IGFMS. Then, a sequence {un} in X is said to be a Cauchy

sequence if

tlggc (m — 1) =0 and tILHOION('u""u”"u”*P’t) =0forallt>0and n,pe N.

Definition 2.5. [12] A IGFMS (X, M, N, x, ) is said to be complete if every Cauchy sequence in X

converges to some point in X.

Definition 2.6. Let (X, M, N, %, {) be a IGFMS. We will say the mapping = : X — X is fuzzy contractive

. . 1 1 _ o=

if there exists £ € (0,1) such that (m - 1) <k (W - 1) and N(Za, 2, 2v,t) <
N(a, B,7,t) for each o, 8,7 € X and ¢t > 0. (k is called the contractive constant of E).

IA

Lemma 2.7. Let {un} is a sequence in a IGFMS (X, M,N,*,¢) and if (Mé — 1)

(BnsHnt1,Mnt2,t)
k™ (73\/[(”0 il D) T 1) and

N(peny oty pnt2, t) < E"N(uo, p1, 2, t)where 0 < k < 1, n € N. Then, {un} is a Cauchy sequence in
X.
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Theorem 2.8. [7] Let (X,d), (Y,p) and (Z,0) be complete metric spaces. If T is continuous mapping

of X into Y, S is a mapping of Y into Z and R is mapping of Z into X satisfying the inequalities
d(RSTo, RSTa') < cmax[d(«, o), d(a, RSTa),d(c, RSTa'), p(Te, Ta ), o(STe, SToz/)]
p(TRSB,TRSB) < cmax|p(B, 8), p(8, TRSB), p(8 , TRSB'),0(SB3,58"),d(RSB, RSB )]
o(STRy, STRY) < cmax[o(v,7),0(v, STRY),0(y ,STRY ), d(Ry, Ry ), p(TRy, TRY)]

foralla,a' € X, 8,8 €Y and 'y,*yl € Z, where 0 < ¢ < 1, then RST has unique fixed point v in X,

TRS has unique fixed point v in Y and ST R has unique fixed point w in Z. Further, Tu = v, Sv = v,

and Rw = u.

3. THREE COMPLETE IGFMS
We now prove the following related fixed point theorem which improves the above theorem in IGFMS.
Theorem 3.1. Let (X, My, Ny, *,0), (Y, Mz, No, %, 0) and (Z, M3, N3, *, Q) be three complete IGFMS.

Suppose Z is a continuous mapping of X into Y, ® is a mapping of Y into Z and A is a mapping of Z

into X satisfies the following inequalities:

1
7 77 - 1)
(Ml(A<1>Ea,A<I>Ea ADGEd 1)

= kmax{2<3\41(a,ol/,a”,t) - 1> a (Jvtl(aAchla,AcpEa',t) - 1>’

1 1
2 —-1) - -1
<M1(a'7A<I>Ea,A<I>Ea',t) ) (Ml(a7A<I>Ea'7a”,t) ) ’

1 1
2 -1 - -1
(Ml(o/,A@Ea/,a”,t) > (Ml(a,Abea,a’,t) > ’

1 1
-1 -1
(Mg(Ea,Ea/,Ea”,t) ) ’ (Mg(@EQ,@EQ',@Ea”,t) ) }

N1 (ADPEq, A®Ea , ADEa | t)

2Ny (a,a’,a” 1) — Ny (a, AGZa, ADEQ 1),
] 2N (0, ABBa, ABEQ 1) — Ni(o, ADEa’, 0, t),
< kmin , ., , (3.1.1)
2Ni(a ,APZa ,a ,t) — Ny (o, ADZq, a , 1),

Ny (Eq, Za’,Za’, t), N3(P=a, P=a, D=0, t)

(J\/[Q(EACI)B, EA1®5/, EAGE ) 1)

= e {2(%(&,;/,3%) B 1> - (Mz(@EA‘I’lﬁ’EAq’ﬁ/vt) - 1)’
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1 1
2 <M2(ﬁ/aEA(I)BvE'ACDﬂ/at) a 1) a (MQ(BaEAq)ﬁlvﬁ”vt) a 1) ’

1 1
2 (Mz(ﬁ’,EAM',ﬁ”,t) B 1) B <M2(6,EA<I>,6’,B’J) B 1) !

1 1
<M3(®6,<1>6’,<I>B”,t) - 1) ’ (Ml(A‘I’B7A<I>B/,A<I>B/',t) - 1) }

No(EABB,ZA®PB , EADS” )

2N2(8,8,8",t) — Na(B, EA®B,EADS 1),
2Ny (8, EABB,EADS 1) — No(B,EADS 87 1),
2N,(8,EA®E, B, 1) — Na(B,EA®B, 8, 1),
Ny(B8, 8, 06" ,1), N1 (ADS, ADS , ADS" 1)

< kmin (3.1.2)

(Mg(@EAv, <I>ElA'y', PEAY 1) 1)

1 1
< kmax Q(ﬁfl)i( — —— *1)7
{ Ms (7,777, 1) Ms (7, PEAY, PEAY', 1)

1 1
2 7 — — 7 - 1 - — 7 77 - ]- )
(M?)(’Y ’ ‘I)ZA’% (I).:A’y ) t) > <M3 (77 (I)‘:A’Y Y t) )

1 1
2 ’ —_ 7 7" - 1 - —_ ’ - 1 )
(MS(A/ ,(I).:A’Y Y 7t) > <MS(77 CD:‘A’%’Y 7t) )

1 1
’ " -1 ) — — A 4 -1
<M1 (A’% Ay A7, t) ) (MQ (:A77 EAY,EAYY, t) ) }

N3 (PEAy, PEAY , PEAY 1)

2 N3(7,7,7",t) — N3 (7, BEAY, BPEAY 1),
2 N3(v, DEAY, BEAY, t) — N3(y, DPEAY 7", 1),
2 N3(y', ®EAY 7", 1) — Na(y, PEAY, 7, 1),
N1 (A, Ay, Ay 1), No(EAY, EAY  ZAY 1)

< kmin (3.1.3)

for all «, o/,oz” eX, B,B/,ﬁ” €Y and 7,7/,7” € Z, where 0 < k < 1, then A®Z= has unique fixed point
u € X, ZA® has unique fixed point v € Y and ®=A has unique fixed point w € Z. Further, Zu = v,
dv =w and Aw = u.

Proof:

Let o be an arbitrary point in X. Define sequences {a,},{8,} and {v,} in X, Y and Z respectively by
an = (APE)"ay, Bn = Zan—1, Yo = PB, for n = 1,2, ... Using inequality (3.1.2)), we have,

1 1
—1 — —1
(MQ (ﬁna 6n+17 ﬂn-"—?a t) ) (MQ(EA(PBH—M EA(I)an EA(I)Bn—&-l; t) )
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< kmax{2(M2(ﬁn_h;n,6n+ht> - 1) - (Mz(ﬁn_bEA@;n—hEA(I)ﬁn,t) - 1),

2<M2(ﬁn,EA<I>Bi,1,EA®ﬂn,t) 1)~ (MQ(ﬁn,l,EAlmn,ﬁnH,t) -1),

1 1
2<M2(ﬁn,EA¢>ﬁn,ﬁn+1,t> B 1> N <M2(ﬁn_1,EA¢5n_1,ﬁmt) - 1)’

(Mg(@ﬁn,hq}m,@ﬁnﬂ,t) )= <M1<Ad>ﬁn,1,A;ﬂn,mwnm) - 1)}

1
= kmax{2<M2 (Bn— 1,571,5n+17 ) 1) - (MQ(ﬂn—l;ﬂnaﬂn-‘rl,t) - 1)’

2

1
(M2 mﬁnﬁnﬂ, t) 1) - (Mzwn,hﬁnﬂ,ﬁnm) ’1)’

[\

1
(MQ 57n5n+175n+1, t) 1) - (MQ(ﬂn—hﬂmﬂmt) - 1)7
1 1
(Mg(Vn—l,Vn,’Yn+1,t) B 1) B (Ml(an_l,an,an+1,t) B 1)}

< kmax ! —1),( L —1),
MQ(anlvﬂnvﬁnA»lut) M3(7n71a7n77n+17t)

(Ml(an_l,clyn,anﬂ,t) B 1)}

No(Bn, Bnt1, Brng2:t) = Na(EAPS, 1, EAPS,, ZEAPS,, 1,1)

2 No(Bn-1,Bn, Brns1,t) = Na(Bn—1,EAPS, 1, EADS,,, 1),
. 2 N2(5n7 EA(I)anlv EA(bﬁ’ru t) - NQ(ﬂnfla EA@BTU 5n+1; t)a
< kmin
2 NQ(ﬁTM EA(I)Bna ﬂn-‘rlv t) - NQ(ﬁn—la EA@Bn—lv Bna t)7
N3((I)ﬂn—1a (I)ﬂm q)ﬂn+1a t)7 Nl(A(I)ﬂn—la A(I)ﬂna A‘Pﬂn_;,_l, t)
2 N2(ﬁn7175n7 Bn+17t) - N2(ﬁn7176n7ﬂn+1>t)7
. 2 NQ(/Bn;ﬁnvﬁn—i-lat) _N2(ﬁn—laﬁn+l7ﬁn+lat)a
< kmin
2 N2(5n7ﬂn+176n+17t) - NQ(ﬂn—la 5n7ﬂ7lﬂt)7
NS('Ynflv’Yna’ynJrht)aNl(anfl»anaan+17t)
< kmin {No (81, B Bu1:8), Na(in—1: 9 Tt 1,8 N1 (@1, s @1, ) - (3.1.4)

Using inequality (3.1.3]), we have,

1 1
-1 = — — — -1
<M3 (’Yna Yn+1s Yn+2, t) > <M3 ((I):'A’Ynfh (I):A’Vna (I):'AfYnJrlv t) >

= i {2(M3(7n—1af1)/na7n+1,t) a 1) B (M3(7n—17(PEA}Yn—17¢EA7”’t) - 1)7
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1 1
L )
M?) (’Ym @:A’yn—l7 ‘I):A’Yn, t) M?) (’yn—la (I):A’Ym ’7n+1; t)
1 1
e 1)~ ( = -1),
M3 (7717 ®:A7na Yn+1, t) M3(77L—1a (I):A7n—1 s Yns t)
( ; 1) ( ; -1)
My (‘I)’Yn—h Dy, Pyny, t) M, (E(I)f)/n—la =07y, Py 1, t)

1
< kmax 2( —1)—( —1),
{ M3 ’Yn 1, Yn> Yn+1, ) M3(7n7177na7n+17t)

1
2 - 1) - ( - 1),
<M3 '7n7'7na7n+17t) MS(V?L—laV?L—i—lv'}/n—&-lat)
1
2( 1) ( -1).
M3 (Yns Ynt1, Ynt1, 1) M3z (Yn—1,Yn, Ynr t)
1 1
—-1) - -1
(Ml(an—l,aman+1,f) ) (MZ(ﬂn—laﬂna5n+17t) )}
1 1
< kmax ( 71>,( 71),
{ M2(/8n—1)/8naﬁn+1)t) MB(’Yn—h’Ym’Yn-ﬁ-lJ)

1
_ 1)
(Ml(anflyanvanA»lvt) }

N3 (Yn Va1, Ynt2, t) = N3(PEAY, 1, PEAY,, PEAY, 41, 1)

2 NS ('Ynfl/%u Yn+1, t) - NS('Ynfl» (I)EA'ynfh (PEA,YTL? t)7
. 2 N3 (’Yna (I)EA'Yn—la (I)EA’)/”, t) - N3 (’7’@—17 (I)EA'VTH Tn+1, t),
< kmin
2 N3(’Ym OEAY,, Ynt1, t) - NS(’Vn—l, PEAY,_1,Vns t)v
Nl ((I)'anlu (I)'Vna q)7n+17 t)v NZ(E(PIYnfly E(I)’Vru Eq)’YnJrh t)

2 NB(’Yn—lv’Yna'Yn+17t) - N3(7n—177na7n+17t)a
2 N3(Vn, Yns Ynt15 1) — N3(Yn—1, Yn+1, Yn+1, 1),

< kmin
2 N3(7n7'7n+177n+1>t) - NS('Ynflu'Yna'Yn?t):
Nl(an—laan,an—&-lat)vNQ(ﬁn—lvﬁna6n+17t)

< kmin {Nz(ﬁn—l, Brs Brt15 1), N3 (Yn—15 Yn> Yt 1, 1), N1(an—1, an, 04n+17t)}, (3.1.5)

on using inequalities (3.1.4)) and (3.1.1)), we have,

1 1
-1 = -1
(Ml (Ozn7 Apt1, X2, t) ) (Ml (A@Eanfl, ACIDEan, A(I)Ean+1, t) )

< kmax 2( 1 —1)—( 1 —1)
- Ml(an,l,an,awrl,t) Ml(an,l,AfI)Ean,hA(I)Ean,t) ’
1

1
2( 1)~ -1),
My (an, APEq,—1, ADEq,, t) My (-1, APEay,, apt1,t)
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1 1
2 - 1) ( - -1)
Ml (anv A(I)‘:‘ana Un+t1, t) Ml (an—lv Aq)‘:‘an—la Qp, t)
( 1 )= ( 1 1)
Mg (Ean,l, Ean, Ean+1, t) Md (@Ean,h @Ean, (I)Ean+1, t)
<k 2( ! 1) ( ! 1)
max —-1) - -1),
- Ml(an—hanaan-i—lvt) Ml(aTl—lvan’an+17t)
1 1
2 -1)-=( -1)
Ml(anaanaan+l7t) Ml(anflaan+17an+lvt)
1 1
2( 1) ( -1).
My (anv Un41, An+t1, t) My (an—la Qn,y O, t)
1

1
<M2(6n71a6n75n+15t) - 1) ; <M3(7n717’7n57n+13t) B 1>}

1 1
= kmax{(Mz(ﬂnlaBna5n+1,t) - 1)’ (MS('Yn*l”Ymﬁy”*l’t) - 1)7

1
- 1) .
(Ml(an—laa'ruan—i—ht) }

Nl (Oén, Ap41, Op42, t) = Nl (A@Ean_l, A@Ean, A‘I)Ean+1, t)

2 Nl (Oén_l, Ay Ot 1, t) — Nl (Oln_l, A(DEOén_l, A@EOLTL, t),
) 2 Ni(an, APE,—1, APEq,, t) — N1 (ap—1, APEq,, apy1,t)

< kmin

2 Nl (an, A(I)Eam Opt1, t) — Nl (Oén_l, Aq)EOén_l, Qp, t)

NQ (E'Oén—la Ean7 EOénJ,_l, t)) N3(®Ean—1a @Eana (I)Ean+1
2 Ni(an—1,0n, ang1,t) = Ni(ay_1y, Gn, a1, t)

. 2 Nl (Oén, Ay, an-‘rla t) - Nl (an—h an+17 an-‘rla t)
< kmin

2 Ny (o, pt1, 0nt1,t) — Ni(ap_1, an, an, t),

NQ(/anla /Bna ﬂn+1; t)v N?)(’ynflv Yns ’YnJrlv t)

< kmin {NQ(ﬁnfla an 5n+1» t)v N3(’7n717 Ty Yn+1s t)v Nl (anfla Qp,y Ont1, t)}a (3'1'6)

on using inequalities (3.1.4) and (3.1.5)). It follows easily by induction on using inequalities (3.1.4)), (3.1.5)
and (3.1.6]) that

1
-1
(Ml(anaan+laan+2vt) )

TS (R R N (S Y Y (S —
<c max{ (Ml(oél,OZQ,Olg,t) 1) ) (Mg(ﬁl»ﬁ%ﬁg,t) 1) ) <M3(71772a737t) 1) }7

1
(M2 (Bny BnJrlv ﬁn+2a t) - 1>
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n—1 ;— ;_ ;_
sc¢ max{ (Ml(al,az,aat) 1) ’ <M2(/@17ﬁ2,53,t) 1) ’ <M3(’Yh72773,t) 1) }’

1
-1
(M3(7n37n+177n+2at) )

n—lm X< 1 _ 1 _ 1 _
=¢ . { (M1(O¢170427a3,t) 1) ’ <M2(517ﬁ27637t) 1) ’ (M?)(%a’hﬁ:ﬂ,t) 1) }7

Nl(an; Qp41, an+27t) S Cn_l min {Nl(ala a2, a37t)7N2(ﬁ17627ﬁ3>t)aN3(717’y2a737t)}

NQ(BTU 671,+175n+27t) < Cn71 min {Nl(ala g, Oég,t),Ng(ﬁl,ﬂg,,@:g,t),Ng(’Yh’YQ,’}@,t)},

N3(7n77n+177n+27t) S cn_lmin {Nl(alua27a37t)7N2(ﬁ1762753715)’3\[3(’717’72’737 )}

Since ¢ < 1, it follows that {a,},{Bn} and {7,} are Cauchy sequences with limits u,v and w in X,Y
and Z respectively. Since Z and ® are continuous, we have

lim 8, = hm Ta,=Tu=v and lim v, = lim &3, = dv = w.
n— 00 n— o0 n— o0

Using inequality (3.1.1) again, we have,

1
— — — -1
1 =u, —Un—1, —=Hn,
(M (ADP=Zu, AP=« APEq,,t) )

1 1
<k 2 -1 !
= A Hax { (Ml (U, Op—1,0n, t) ) (Ml (u7 A@EU, A(I)Ea”_l’ t) ) ,

1 1
2 1) - —1
(Ml (Oln_l, A@Eu A@Ean_l, t) ) (Ml( = t) > ’

u, APEa,_1, oy,

1
-1 -1
t) > <M1(u ADZu, a1, 1) > ’
1 1 1
M (Bu, Eay—1, 2o, t M3 (PZu, =, —1, P2y, t)
1 1
< 2 —1) - -1
- kmax{ (Ml(u,anl,an,t) ) (Ml(u,Aq)Eu,amt) > ’
2 L ) (b ),
Ml (an717A¢:‘u7 Oén7t) Ml(uaan7an7t)

1 1
2 1) - -1
(Ml(an—han;anvt) ) (Ml(uaA(DEuvan—ht) > ’

1 1
-1 -1 .
(MQ(EU,Ean_l,Ean,t) ) ’ (Mg(CI)Eu, D=, 1, D=y, t) ) }

Ni (ADPZu, AP=q,—1, APEw,,, t)

2
<M1(an hAthén 15 Op,
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2 Ny (uy a1, atn, t) — N1 (u, APEu, APEq,, 1, 1),
2N (-1, APZu, APZwv,,—1,t) — N1(u, ADZa,—1, ap, t),

< kmin
2 N1 (p—1.APZ vy 1, atn, t) — N1(u, APZu, a1, t),
No(Zu, Eap—1, Zan, t), N3 (PZu, P=a,—1, P=Zay,, t)
2 N1 (u, ap_1, an,t) — Ny (u, ADZu, aryy, t),
) 2 N1(ap—1, APZu, iy, t) — N1 (u, g, t),
< kmin

2 Nl(anfhany an7t) - Nl (’U,7 A(DEU, anflat)a

No(Bu, ZEan—1, Zatn, t), N3 (PZu, P=Zay,—1, P=ay,, t)

Since ® and = are continuous, it follows on letting n — oo that

1 1
_1) < _
(J\/[l(Aq)Eu,u,u,t) 1) sk (Ml(Abeu,u,u, t) 1) ’
N1 (APZu, u, u, t) < kN (ADPZu, u, u,t).

Thus, A®P=Zu = u, since k < 1 and so u is a fixed point of APZ. We therefore have ZAPv = ZAP=y =
Zu = v and so PEAw = PEZAPY = v = w.

Hence, v and w are fixed points of ZA® and ®=A respectively.

We now prove the uniqueness of the fixed point u. Suppose that A®= has a second fixed point u.

Then, using inequality (3.1.1), we have,

1 1
- 1) = -1
(Ml(u,u’,u’,ﬂ ) (Ml(A@Eu,A@Eu’,A Eu”, t) )
1 1
<k N7 1) — -
B max{ (Mlm,u',u',w ) (Mﬂu,mbawmbiu%t) >

1 1
2 -1) - -1
(Ml(u’,ACDEu,A(I)Eu/,t) > (Ml (u, APZu ,u” , t) > ’

1 1
2 -1) - -1
(Ml(u’,A(I)Eu',u”,t) ) (Ml(u,A{)Eu,u',t) ) ’

1 1
—1 —1
<M2(Eu,Eu',Eu’,t) ) ’ (Mg(q)Eu,CDEu', P=u”,t) ) }
1 1
<k 2| ——F5——1| — —1
- max{ (Ml(u,u’,u”,t) ) (Ml(u, ADZu,u',t) ) ’

1 1
2 (Ml(u’,Abeu,u’,t) B 1) B (Ml(u,u',u”,t) B 1) ’

1 1
o 1) - 1
(Ml(u',u',u”7t) > (Ml(u,Aq)Eu,u',t) ) ’

1 1
— —_ 7 = - 1 9 — —_ 7 —_ 77 - 1
Mo (Zu, ', Zu”  t) M3 (P2, D=, PEu", t)

1 1
<k -1 -1 .
- max{ (Ml(Eu,Eu',Eu”,t) ) ’ (M;a((I)Eu,(I)Eu',(I)Eu”,t) ) }
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Ni(u,u'u',t) = Ny (APZu, AOZu , AGZu 1)

2Ny (u,u' ', t) — Ny (u, ADZu, ADZu , t)
2Ny (u', ADZu, A®Ew | t) — Ny (u, A®Ew , u” 1),

S kmin ’ 7 " ’
2N (u ,APZu ,u ,t) — Ni(u, ADZu, u ,t),
N (Zu, =, B, t), N3(PZu, d=u, P=u”, t)
2 Ny (u, u' t) — N1 (u, ADPZu, u, t),
) 2Ny (v, A®Zu, u', t) — Ny(u,u',u”,t),
< kmin

2N (ul,u/, o, t) — Ny (u, ADPZu, u, t),

No(Zu, Zu', Zu” ), N3 (®Zu, ®2u', =", t)

< kmin {Nl(Eu, =u, 20", t), Na (@Zu, =, 920, t)}.

Further, using inequality (3.1.2)), we have,

1 1
1) = 1
(Mg(Eu, =u',Eu” ) ) (MQ(EA@EU, EADPEY , EADP=" 1) )

1 1
<k 2 1) - 1
= maX{ (MQ(EU,EU’, =" %) ) (Mg(Eu, EADEu, ZADEY 1) ) ’

1 1
2 -1) - -1
(Mg(Eu', EAP=Zu, ZADPEY, t) ) (MQ(Eu,EACI)Eu', Eu’,t) ) ’

1 1
2 1) - -1,
(MQ (Zu', ZAP=u', Zu”  t) ) (MQ(EU, EADEu, Zu, 1) >

1 1
-1 -1
<M3((I>Eu,¢5u', =’ t) > ’ <M1(A‘I>Eu,A@Eu’,AtI’Eu”,t) ) }

1 1
<k 2 —1) = -1
- max{ <M2(EU, =, Eu” ) ) (Mg(Eu, Eu, Zu’, 1) ) ’

1 1
2 —-1) - -1
(Mg(Eu',Eu,Eu',t) ) <M2(Eu,5u',5u”,t) > ’

1 1
2 1) - —1
(MQ(EU',EU',EUN,t) > (Mg(Eu,EAQJEu,Eu/,t) ) ’
! 1 ; 1
M3(PZu, P2, D=u”, t) PAMy (u,uut)

1 1
<k _ 1 -1 .
- max{ (Ml(u,u/,u”,t) > ’ (M3((I)EU7‘I)EUI, Zu',t) ) }

No(Bu, Zu',Zu” , t) = Ny (EADZu, EAGEL , EADEL 1)
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N, (2w, B, Eu, t) — No(Zu, EADGEu, EADE, 1),

] 2Ny (Bu , EADEN, EADEY 1) — No(Zu, EAPEY ,Zu” 1),
S kmln ’ 7 1" !’
2No(Eu ,ZEAPZu ,Eu ,t) — No(Bu, EAP=u, Zu , t),
N3 (®Zu, ®=u', ®Zu” | 1), N1 (ADEu, AGEu , ADE, t)
2 No(Zu, Zu', Zu” | t) — No(Bu, Bu, Zu', t),
_ 2 No(2u', Bu, Zu', t) — No(Su, Bu', 2’ t),
< kmin

2 Ny (B, Zu',Zu” 1) — No(Bu, EA®Zu, Eu, t),

Ny (DZu, D=0, ®=u” 1), Ny (u, v, u’ 1)

< kmin {Nl (u, u , u“, t), N3(®Zu, @Eu,, @Eu”, t)}

1 _ 1 _
Hence, we have (Ml(u,u’,u”,t) 1) <k (M3(¢Eu7®5u/,@5u,,7t) 1) and

Nl(u,u/,u”,t) < k N3 (PZu, P=u, @Eu”,t).
Finally on using inequality (3.1.3]), we have

1
—u_l
(Ml(u,u',u ,t) )

1
<k -1
= <M3(<I>Eu, D=u, D=, 1) )

1
<k N T Ty ey ey e
M3 (PEAPZu, PEADPEY, PEADEY" | t)

1 1
< k? 2 -1 - -1
= max{ <M3(<I>Eu, =, 0=, 1) > (Mg(q)Eu, PEADZu, DEAGEY 1) ) :

1 1
2 -1 - -1
(Mg(q)Eu', PEADPZy, PEADEY, 1) > (Mg((I)E'LL, PEAD=Y, D=, t) ) ’

1 1
2 1) - -1
(Mg,(‘I)Eu',(I)EAfI)Eu’, =u”t) ) (Mg,(‘I)Eu,q)EA‘I)Eu,@Eu',t) )

1 1
-1 -1
(Ml(AéEu,A@Eu’,A =u”,t) > ’ (MQ(EA(I)Eu,EA =u' ,EADP=Y" 1) ) }

1
X . ——
(Ml(u, u,u”t) >

Ni(u, ', t) < k Ny (PZu, =0, PEU”, t)
< k N3(PEAPZu, PEADZL , PEADEY | 1)
2 N3 (®Zu, P2, =", t) — N3(PZu, PEADEu, PEADZW , 1),
s | 2N3(@Eu, PEAPE, PEADEY, t) — N3(PEu, PEAPEY, D=, t),
S k min ’ ’ " ’
2 N3(PZu , PEZADP=Ew , P=u ,t) — N3(PZu, PEADPZu, PEw , 1),
N1 (ADZu, A®Zu , ADZu" , ), Np(EADZu, EADEY , EADE | 1)
= k? Ny (u, u,,u”,t).
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Since k < 1, it follows that u =« =" and the uniqueness of u follows. Similarly, it can be proved that
v is the unique fixed point of ZA® and w is the unique fixed point of ®=A. We finally prove that we
also have Aw = u. To do this, note that Aw = A(PZAw) = APE(Aw) and so Aw is a fixed point of
A®E. Since u is the unique fixed point of A®Z, if follows that Aw = w. This completes the proof of the

theorem.

Corollary 3.2. Let (X, M1,Ny,x*,0), (Y, My, Na, *,0) and (Z, M3, N3, *, Q) be three complete IGFMS.
Suppose Z is a continuous mapping of X into Y, ® is a mapping of Y into Z and A is a mapping of Z

into X satisfying the following inequalities:

1
-1
<M1(A<I>Ea, ADP=a', ADPEa” t) )

1 1
<k _ 1 -1
= max{ (Ml(a,a’,a",t) ) ’(Ml(a',ACI)Ea,A(I)Eo/,t) ) :

1 1
-1 -1
(Ml(a',A@Ea',a”,t) ) ’ (Mg(Ea,Ea'7Ea”,t) ) ’

1
-1
<M3(<I>Ea, =o', PE” 1) ) }

N1 (a, aa, t), Ny (0/7 ADPZa, APEa, t),
Ni(APZa, APEa’, APZa’ 1) < kmin{ Ni(a', A®Za’,a” 1), No(Za, 2o, Ea”, 1),
N3 (®Za, D20, D0, )

(M2(5A¢5, EAltbﬁ', EAGE ) 1)

1 1
- kmax{ (Mzw,ﬂ’,ﬁ“,t) - 1) ’ (Mz(ﬁ',EA@ﬁ,EAW'af) B 1> ’

1 1
(Mzw,zmﬁ’,ﬂ”x) B 1) ! <M3<<I>5,<I>ﬁ',<1>/3”7t> - 1) ’

1
(vowersoraers ) }

NQ(B& ﬁlaﬁ”at)vNZ(B/a EA@ﬂ7EA®B/at)7
No(EA®B,EADB ,EA®A" 1) < kmin{d No(B ,ZAGS ", 1), N3(®B, 8,88, 1),
Ni(A®B, A®B , ABB",t)

1
—1
(Mg((I)EA’}/, PEAY, PEAN" 1) )
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1 1
< kmaX ~r 7 7 N ]- ) ’ — — ’ - ]' 9
o <M3(777 Y at) ) (M?)(ry a(I)':A’%‘I)‘:‘APY 7t) >

1 1
7 — 7 77 - 1 ’ 7 77 - 1 )
(MS(V a(I)':A’Y ) Y 7t) ) <M1(A73 A,Y 7A’7 7t) )

1
-1
(MQ(EA% EAY  ZAY L) )

N?) (’% 'Y/ ) ’y”a t)7 N?) (7’7 (I)EA’Y7 (I)EA'Y,a t)a
N3 (BEAY, PEAY , ®EAY 1) <kmin{ Ny(y', BEAY 7", 1), N1 (Avy, Ay, A 1), ¢
Na(EAy,EAY, EAY" 1)

for all «, o/,a” € X, 0, 5/,5” €Y and 7, 'y/,v” € Z, where 0 < k < 1, then A®ZE has unique fixed point

uw € X, EA® has unique fixed point v € Y and ®=A has unique fixed point w € Z. Further, Zu = v,

v = w and Aw = p.

4. CONCLUSION

In this paper, we have proved common fixed point theorems for three complete intuitionistic generalized

fuzzy metric spaces.
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