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Abstract

We establish a common fixed-point theorem for six self maps under the compatible mappings of type (C)
with a contractive condition [1], which is independent of earlier contractive conditions.
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1. Introduction

The study of common fixed point of mappings satisfying
contractive type conditions has been a very active field
of research activity during the last two decades. Re-
searchers like R. P. Pant et al. [2,3] have shown that how
the three types of contractive conditions (Banach, Meir
keeler and contractive gauge function/p contractive con-
dition) hold simultaneously or independent of each other
and as a result of this study they have proved a fixed
point theorem using Lipschitz type contractive condition
[3] and gauge function [2].

In this paper we generalize the result of K. Jha, R. P.
Pant, S. L. Singh [1] and prove a fixed point theorem for
six self mappings in a complete metric space.

d(Ax,By)Scﬂ(x,y), 0<c<l (1.1)
where,

d(yn9yn+1)d(y’ J’)/l(x»J’)

=max {kl {d(Sx, Ty)+ d (Ax, Sx)

+d (By,Ty),%[d(Sx, By) +d (Ax, Ty)}}

or a Meir-Keeler type (&,5)—contractive condition of
the form, given & > 0, there exists a > 0 such that

e<A(x,y)<e+d implies d(Ax,By)<e (1.2)
or, a p-contractive condition of the form
d(A4x,By)<o(A(x,)) (1.3)

involving a contractive function ¢: R.—R. is such that
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@(?) <t for each ¢ > 0. Clearly, condition (1.1) is a special
case of both conditions (1.2) and (1.3). Pant et al. [2]
have shown the two type of contractive condition (1.2)
and (1.3) are independent. The contractive conditions
(1.2) and (1.3) hold simultaneously whenever (1.2) or
(1.3) is assumed with additional conditions on ¢ and
orespectively. It follows, therefore, that the known
common fixed point theorems can be extended and gen-
eralized if instead of assuming one of the contractive
condition (1.2) or (1.3) with additional conditions on &
and ¢. we assume contractive condition [2] which is
condition (1.2) together with the following condition of
the form

d(Ax,By) < max{kl[d(Sx,Ty)+d(Ax, Sx)

+d(By,Ty),%2[d(Sx,By)+d(Ax,Ty)] } (1.4)
for 0<k <1, 1<k, <2,

instead of assuming one of the contractive conditions
(1.2) or (1.3) with additional conditions on ¢ and ¢.
Definition: Two self mappings A and S of a metric
space (X, d) are said to be compatible (see Jungck [4]) if,
limd (A4Sx,,SAx,)=0 whenever (xn> is a sequence in

n—0

X suchthat limA4x, =1limSx, =t forsome te X .

Definition: Two self mappings A4 and S of a metric
space (X, d) are said to be compatible mappings of type

(A) (See [5]) if limd(4Sx,,SSx,)=0 and

limd (S4x,,AAx,)=0 whenever <xn> is a sequence

n—0
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in X such that
lim Ax, =limSx, =¢ forsome te X .

Definition: Two self mappings 4 and S of a metric
space (X,d) are said to be compatible mappings of type
(B) (See[6]) if,

lim d ( ASx,, SSx, ) < %[limd(Aan,At) +limd (41, 4, ) |
and
lim d (SAx,, Adx, ) < %[limd (S, )+ lim d (S, S5x,) |

whenever (xn> is a sequence in X such that
lim Ax, =limSx, =¢ forsome te X .

Definition: Two self mappings A and S of a metric
space (X,d) are said to be compatible mappings of type
(C) (see [7]) if,

limd(Aan,San)£§[limd(Aan,At)

+limd (Ar, Adx, )+ lim d (41, SSv,) |

n—0

and

limd (SAx

n—0

no

Adx,) sl[limd(SAxn,St)

3 Lnow

+limd (St,SSx, )+ lim d (St, Adx, )}
whenever (xn> is a sequence in X such that
lim Ax, =lim Sx, =¢ forsome te X .

Definition: Two self mappings 4 and S of a metric
space (X,d) are said to be compatible mappings of type
(P) (see [8]), if limd (SSx,,4A4x,)=0 whenever (x,)
is a sequence in X such that lim Ax, =limSx, =¢ for
some te€ X . From the propositions given in [4-8] all
compatibility conditions are equivalent when 4 and S are
continuous. We observe that they are independent if the
functions are discontinuous.

We give an example which is compatible mapping of
type (C) but is neither compatible nor compatible map-
ping of type (A), compatible mapping of type (B) and
compatible mapping of type (P).

Example: Let X = [1,10] with d(x,y)=|x—y| De-
fine self maps S and 4 of X by

1 if x=1
1 if xe{ltu(5,10
Sx=43 if 1<x<5andAx= 7 {} ( ]
1 if 1<x<5
x—4 if 5<x<10

1 .
Let x, =5+— for n>1 be a sequence in X. Hence
n
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for such a sequence (xn> both Sx,, Ax, converge to
las n—o0.

Let t = 1. Now, S4x, -1, ASx, >2, SSx, >3,
AAx, ->1 as n—>oo. The pair (S, 4) is not compatible,
compatible of type (A), compatible of type (B), compati-
ble of type (P) but is only compatible of type (C).

2. K. Jha, R.P. Pantand S. L. Singh [1]
Proved the Following Common Fixed
Point.

2.1. Theorem

Let (4, S) and (B, T) be compatible pairs of self map-
pings of a complete metric space (X, d) such that
AX cTX and BX c SX (2.1.1)
given &£>0 there exist 6 >0 such that for all
x,yeX e<A(x,y)<e+5 implies
d(Ax,By)<g (2.1.2)

d(Ax,By) < max {kl[d(Sx,Ty)+ d(Ax, Sx)

+d(By,Ty),%[d(Sx,By)+d(Ax,Ty)]} (2.1.3)
for0<k <1, 1<k, <2.

If one of the mappings 4, B, S and T is continuous
then 4, B, S and T have a unique common fixed point.

We generalise this theorem by extending four self
maps to six self maps and replacing the condition of
compatibility of self maps by the compatible mapping of
type (C).

To prove our theorem we shall use the following
lemma.

2.2. Lemma
Let 4, B, S, T, L and M be self mappings of (X,d) such
that

L(X)cST(X),M(X)cAB(X). (22.1)

Assume further that given & > 0 there exists a 6 > 0
such that forall x,ye X

e<M(x,y)<e+6 implies d(Lx,My)<s (2.2.2)
where
M (x,y)=max {d (ABx,STy)+d (Lx, ABx)
2.2.3)

e

If x,eX and the sequence {y,} in X defined by
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the rule
Vouo =8Tx,, , = Lx,, , 2.2.4)
and
y2n = ABxZn = Mx2n—1
for n=1,2,3--

Then we have the following

for every >0 , 5£d(yp,yq)<é‘+g implies
d(,0Yy0) <6 (22.5)
where p and ¢ are of opposite parity.

limd (y,,,.)=0 (2.2.6)

{»,} isa cauchy sequence in_X.
Proof: Since from (2.2.2) for every ¢ > 0

(2.2.7)

£ <max {d (ABx, STy) +d (Lx, ABx)+ d(My,STy),

%[d(ABx,My) +d(Lx, STy)j} <S+¢

implies d(Lx,My)<e¢ forall x,ye X suppose that
5Sd(yp,yq)<5+€.

Putting p =2n and ¢ =2m—1 in the above inequality,
we have

d(yp+l’yq+l):d(y2n+1’y2m) d(LXZn’MXZm 1)
and

S d(yp’yq) = d(yZn’yZm—l ) = d(ABXZn’STme—] )
& <max {a’(AszY,,Ssz”_1 )+d(Lx,,, ABx,,)

+d (Mx,, ,,STx,, | ),%[d (ABx,,, Mx,, )
+d (Lx,,,STx,, , )]} <S+¢

which implies that
d(yp+1’yq+l) =d (Lx2n’Mx2m—1) <&

Now, for x, € X, by (2.2.3), we have

d(yZn’y2n+1) =d (y2n+1’y2n ) = d(LXZn’MXZVt—l)
< max {d (ABxZn ,S8Tx,, ) +d (Lx2n ,ABx,, )

+d (Mx,, |,STx,, , ),%[d(ABxZn,MxZH)
+d(Lx,,,STx,, ) |} (2.2.8)
= max {d (yzn >Van-1 ) +d (y2n > Vantl )

1
+d (yZn—l > Von )’E[d (J’2n > Van ) +d (y2n—l > Vans ):|}

:d(yanl’yZH)
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Similarly, we have d(¥,,.1 V212 ) <d (V20> Vani) -

Thus the sequence {d ( Vs Vst )} is non increasing
and converges to the greatest lower bound of its range
t>0 . Now we prove that =0

If t#0,(2.2.2) implies that d(y,,,,, ., ) <t
whenever 1<d(,,¥,.)<06(1)

But since {d ( Vs Vsl )} converges to #, there exists a k

such that {d(y,,.¥,.,)} <&(t) so that
t< d(yk,ykﬂ ) < S(t) which by (2.2.5)

implies d (., Y,2)<?
mum nature of ¢.

Therefore, we have limd(y,,,,)=0.
n—ow

which contradicts the infri-

We shall prove that {y,} is a cauchy sequence in X.
In virtue of (2.2.6), it is sufficient to show that { yZn} is
a cauchy sequence.

Suppose that { yz,,} is not a cauchy sequence. Then
there is an &£ >0 such that for each integer 2k, there
exists even integers 2m(k) and 2n(k) with 2m(k) > 2n(k)
> 2k such that

d (yZm(k),yZH(k)) > (2.2.9)

For each even integer 2k, let 2m(k) be the least even
integer exceeding 2n(k) satisfying (2.2.9), that is

d (yz,,(k),yzn(k),z) <e (2.2.10)
and
d (yz,,(k),yz,n(k)) >&-
Then for each even integer 2k, we have

e<d (yz,, > Vom(k )) < d(yzn(k)’yZn(k}Z)

+d (yZn(k)72 > yZn(k)fl ) + d (y2n(k)71 > y2n(k) )
From (2.2.6) and (2.2.10), it follows that

g<d(y2m s Vau(k ))Sg from which , we have

d(Vapay Yoy ) > & a5k 00 2.2.11)

From the triangle inequality, we have

‘d (yZn(k) > Vam(k)-1 ) -d (yZn(k) > Vam(k) )
<d (yZm(k)—l’yZm(k))
Sd(yZm 1’y2m )+d(y2n y2n() )
From (2.2.6) and (2.2.10),as k —>
d ( Vanttr Vami ) (2.2.12)
and d(y2m k)12 Y 2m( k )
Therefore by (2.2.2) and (2 2.4), we have
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d (J’zm(k)’yZH(k))

<d (y2ﬂ(k)’y2m(k)—1 ) + d(yz,y(k)—lvyzm(k)) (2.2.13)

<d (an(k)’an(k)—l )+ d<Lx2n(k)’Mx2m(k)—l)

(Since by (2.2.5) and
d (yp+1 Yo ) =d(Lx,,,Mx,, )<& we have

d (yZm(k) ) y2n(k)) <d (yZn(k)’yZn(k)—l ) +é

From (2.2.5), (2.2.6) and (2.2.12) as k —> o, we get
£ <e&, which is a contradiction. Therefore, {y,,} is a
cauchy sequence in X and so is { yn} .

2.3. Main Theorem

Let 4, B, S, T, L and M be self mappings of a complete
metric space (X, d) satisfying (2.3.1)

L(X)cST(X),M(X)c4B(X) (23.2)

given ¢>0 there exists a 6>0 such that for all
x,yeX (2.3.3)

e<M(x,y)<e+6 implies d(Lx,Ly)<e
where M (x,y) is defined as in (5.2.3)

d(Lx,My) < max {kl [d(ABx, STy)

+d(Lx,ABx)+d(My,STy), (2.3.4)

%[d(ABx,My)+d(Lx,STy)]}
for0<k, k, <l

The pair (L, AB) and (M, ST) be compatible mappings
of type (C) (2.3.5)

AB(X) is complete one of the mappings 4B,ST,L and
M is continuous. (2.3.6)

Then AB, ST, L and M have a unique common fixed
point.

Further if the pairs (4, B), (4, L), (B, L), (S, 1), (S, M)
and (7, M) are commuting mappings then 4, B, S, T, L
and M have a unique common fixed point.

Proof: Let x, be any point in X. Define sequences x,
and y, inX given by the rule

237 y,, =Lx,, =S8Tx,,,, and

Yapu =Mx,,, = ABx,,,, for n=0,1,2,---

This can be done by virtue of (2.3.2). since the con-
tractive condition (2.3.3) of the theorem implies the con-
tractive condition (2.2.2) and (2.2.3) of the lemma 2.2.1
so by using the lemma 2.2.1 we conclude that {y, } is a
Cauchy sequence in X, but by (2.3.6) AB(X) is complete,
it converges to a point z = ABu for some u in X.

Hence {y,}>zeX.
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Also its subsequences converge as follows
{Mx,,,,} >z and {STx,,,}—>z; {Lx,,} >z and
(2.3.8)

Now we will prove the theorem by different cases .
Case (i): AB is continuous then from (2.3.8) we have
ABABx,,,, and ABLx,, converges ABzas n— .
(2.3.9)
Since (4B, L) are compatible mappings of type (C), we
have from (2.3.9),

limd (LLx,,, ABz) =limd (LLx,,, ABLx,, )

n—»0 n—0

{4Bx,,,} >z as n—oo.

<Llima (ABLx,,, ABz)

3 nowo
+limd (ABz, ABABx,,)+limd (ABz,LLx,,) (2.3.10)
< %[a’ (ABz, ABZ) +d (ABZ, ABZ)

+limd (4Bz,LL,,) | < Llimd(4Bz.LLx,))

n—x0 n—x0

which shows LLx,, converges to ABzas n— 0.
Now, we show that z is the fixed point of « AB.
In view of (2.3.10), (2.3.8), (2.3.4) and (2.3.9)

d(ABz,z) =limd (LLx,,,Mx,,,, )
<limmax {k, [ d ( 4BLx,,,STx,,.,)
+d (LLx,,, ABLx,,)+d (Mx,,,,.STx,,,) |,

k
?z[d(ABLxZn,Mx2n+l)+d(LLxZn,STxZM)]} 23.11)
< max {k1 [d(ABz,z) +d(ABz,z)+ d(z,z)] ,

k_zz[d(ABz,z)+d(ABsZ)J}

<d (ABZ, z) a contradiction if ABz #z yielding there-
fore (aAB)z=z.

Now, we show that z is also a fixed point of «L.

In view of (2.3.8), (2.3.4) and (2.3.11)

d(Lz,z) =limd (Lz,MxZM)

<limmax {k,[d (4Bz,STx,,,)+d(Lz, ABz)

+d (Mx2n+l 4 STx2n+1 ):I ’%[d (ABZ’MerH-] )

+d(Lz,STx,,.,) ]} (2.3.12)
<max{k1 [d(z,2)+d(Lz2)+d(z2)],
%[d(z,z)+d(L,z)]}
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<d(Lz,z), a contradiction if Lz +#z

Implying there by Lz=z.
Thus ABz=Lz=z.
Since L(X)cST(X) thereexist ye X such that

Z=LZ=STy.
we prove STy =My .
In view of (2.3.12) and (2.3.4)

d(STy,My) = d(Lz,My)
<max {k [ d( 4Bz, STy)+d Lz, ABz)
+d(My, STy)],

%[d(ABz,My)er(Lz, sTy) |} (2.3.13)

<max {k [d(STy,STy)+d(z,z)
+d (My,STy) |

k_zz[d(STy,My)M (Z»Z)]}

<d(STy,My) a contradiction if STy # My

Therefore My = STy .
Hence we have My =Lz=ABz=z=STy

Now, taking a sequence {z,} in X such that z, =y V
n > 1, it follows that

Mz, >My=z and STz, > STy=z as n—o.
since the pair (M, ST) is compatible of type (C)

limd (STMz,, MMz, ) < - [ limd (STz,, STz)

(23.14)
+limd (T2, MMz, ) + limd (ST, STSTz, ) |

n—>% n—>0

That is
d (STMy, MMy) < %[d (STMy, STz)
+d (STz,MMy)+d (STz,STSTy)|
which implies in view of the fact that My=z=STy
d(STz,Mz) < %[d(STz, STz)+d (STz,Mz)
+d (STz,8Tz) |

d(STZ,MZ) < %d(STZ,MZ)

Therefore STz =Mz .

Hence we have STz=Mz; ABz=ILz=z.
Now,we show that z is a fixed point of o ST.
In view of (2.3.15) and (2.3.4)

(2.3.15)
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d(z,STz) = d(z,Mz)
<max {k [ d(ABz,5Tz)+d(Lz, ABz)

+d (Mz, STz)]%[d(ABZ,MZ)+d(Lz,STz)]} (2.3.16)
< max {k1 [d(z, STz) +d (z,z) +d (STZ,STZ)J
%[d(z, STZ) +d (z, STZ):|}

<d(z,8Tz) acontradiction if S7z#z

Therefore z= STz.

Hence z=S8Tz=A4Bz=Lz=Mz
which shows that z is a & -common fixed point of AB,
ST, L and M.

Case(ii): L is continuous

From (2.3.8) we have

Since {LLx,,} and {LABx,,,} converges to Lz as
n—>o. (2.3.17)

since (L,4B) are compatible mappings of type (C),we
have from (2.3.17)

limd (ABABx,,, Lz) = lim d ( ABABx,,, LABx,) )

< élimd (LABXZn,Lz)

+limd (Lz,LLxZn ) +limd (LZ, ABABxZn)
1 (2.3.18)
<=limd (Lz, Lz)+ limd(Lz,Lz)

3 n—» n—o

+limd (Lz, ABABx,,)

n—0

n—»o0

< élim d (LZ, ABABx,, )

which shows {A4BABx,,} > Lz as n—o.
Now, we show that z is a fixed point of L.
In view of (2.3.17), (2.3.8), (2.3.4) and (2.3.18)

d(Lz,z)=limd (LABx,,, Mx,,.,)
< lim max {k1 [d (ABABx2" ,S8Tx,, )

+d (LABx,,, ABABx,,)+d (Mx,,,,,STx,,,) ]

k—zz[d(ABABxZn,MxZM )+d(LABx,,,STx,,.,) (2.3.19)

< max {kl [d (Lz, z) +d (Lz,Lz) +d (z, z)j ,
k
?Z[d(Lz,z) +d (Lz,z)}}

<d (Lz, z) a contradiction if L=z yielding therefore

L=z.
Since L(X)gST(X) there exist # € X such that

z=Lz=S8Tu.
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We prove that STu = Mu .
Now, In view of (2.3.8) and (2.3.4)

d(z,Mu)=limd (Lx,,, Mu)

<max {k [ d(ABx,,,STu)+d(Lx,,, ABx,,)
+d (Mu,STu)} R

i (2.3.20)
é[d(ABxZn,Mu)+d(LxZn,STu)}}

< max{k1 [d (z,Mu)+d(z,z)+d(Mu, STu)} ,

k

?Z[d(z,Mu) +d (z,Mu)]}

<d(z,Mu) a contradiction if z# Mu

Thus Mu=z.

Therefore ,we have z=Lz=STu=Mu .

Now, taking a sequence {z,} in X such that z, =u
Vn>1, it follows that

Mz ->Mu=z and STz, >STu=z as n—wo

since (M, ST) are compatible mappings of type (C), we
get

limd (STMZH,MMZ” ) < % limd(STMZ”, STZ)

n—0

+1imd(STz,MMzn)+ 1imd(STz,STSTzn)

(2.3.21)

That is
d (STMu, MMu)) < %[d(STMu,STz) |
+d (STz, MMu)+d (STz,STSTu) |
which implies in view of the fact that Mu =z = STu
d(STz,Mz) < %[d (8Tz,87Tz)
+d (STz,Mz)+d (STz,STz) |
d(STz,Mz) < %d(STz,Mz)
which shows that STz = Mz .

Now, we show that z is also a fixed point of M
In view of (2.3.8) and (2.3.4)

d(z,Mz)=limd (Lx,,,Mz)
<max {k [d(4Bx,,,STz)+d (Lx,,, ABx,,)

+d (Mz, STz)],%[d(AwaMz)+d(Lx2n,STz) (23.22)

< max {kl [d(z,Mz)+d(z,z)+ d(Mz,MZ)],
k—;[d(z,Mz)—i-d(z,Mz)}}

Copyright © 2011 SciRes.

<d(z,Mz) a contradiction if z# Mz
which shows that z=Mz.

Since (aM )(x)c(adB)(x) there exist a veX
such that
z=Mz=ABv.
We prove z=Lv, from (2.3.4) we have
d(Lv,z) = d(Lv,Mz)
<max {k,[ d(4Bv,STz)
+d (Lv, ABV):|
+d (Mz, STzv)j,%[d (4Bv,M )z

+d (Lv, STz)]} (23-23)

< max {k, [d (z,2)
+d (Lv,z) +d (z, z)} s

%[d (z,z) +d (Lv,z)}}

<d(Lv,z) acontradictionif Lv#z

Thus Lv=z

Now, taking a sequence {v,} in X such that v, =v
Vn21, it follows that Lv, > Lv=z and
ABv, > ABv=z as n— o, since (L, AB) are com-
patible mappings of type (C), we have

limd (ABLv,,LLv,)< Liim [d(ABLv,.ABz)

o 3o (2.3.24)
+limd 4Bz, LLy, )+ limd (4Bz, ABABv, ) |
That is

d(ABLv,LLv,) < %[d (ABLv, ABz)
+d (ABz,LLv)+d (ABz, ABABV) |

which implies in view of the fact that (a L)y = z =

(a AB)v d(4Bz, Lz) S%[a’(ABz,ABz)er(ABz,Lz)

+d(ABz, ABz) | < %d (ABz,Lz)

which shows ABz = Lz

Since ABz =Lz =z also z = Mz = STZ.

If the mappings M or ST is continuous instead of L or
AB then the proof that z is a Common fixed point of L, M,
AB, and ST is similar.

Uniqueness:

Let w be another common fixed point of L, M, AB, and
ST then Lw = Mw = ABw = STw = w.

From (2.3.4) we have
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d(z,w)=d(Lz,Mw)
<max {k,[ d(4Bz,STw)+d (Lz, ABz)

+d (Mw, STw)],kz—z[d(ABz,Mw)

+d (Lz,STw) ]} (2.3.25)

<max{k1 [d(z, w)+d(z,z)+d(w,w)},

k—zz[d(z,w)+d(z,w)]}

<d(z,w) acontradiction if z#w
yielding there by z=w.

Finally we need to show that z is a common fixed
point of L, M, A, B, S and T.

For this let z is the unique common fixed point of (45,
L) and (ST, M).

Since (4, B), (4, L), (B, L) are commutative

Az = A(ABZ) = A(BAZ) = (AB)(AZ);AZ =AlLz=LAz
Bz = B(ABZ) = (BA)(BZ) = (AB)(AZ);BZ =BlLz=LBz.

which shows that 4z, Bz are common fixed points of (4B,
L) yielding there by Az=Z=Bz=Lz=ABz in the
view of uniqueness of common fixed point of the pairs
(4B,L) .

Similarly using the, commutativity of (S,7), (S,M) and
(T,M) it can be shown that Sz =z = Tz = Mz = ST=.

Now, we need to show that 4z = Sz (Bz = T%) also re-
mains a common fixed point of both the pairs (4B, L)
and (ST, M).

From (2.3.4) we have

d(AZ,SZ) = d(LZ,MZ)
< max {k1 [d(ABZ,STZ) +d(Lz, ABz)

+d (Mz,STz)],k—;[d(ABz,Mz)+d(Lz, STz) ]}
< rnax{k1 [d(z,z)+ d(z,z)+d(z,z)],
%[d(z,z) +d(z,z)}} <0

implies that Az = Sz.

similarly it can be shown that Bz = Tz. Thus z is the
unique common fixed point of 4, B, S, T, L and M.

This establishes the theorem.

Now we give an example to claim our result.

Example: Let X =[l,0] withd(x,y)=|x—)|. De-
fine self maps 4, B, S, T, Land M:X - X by Lx=x,
Mx=x*, AB=2x*-1, ST=2x"-1, x>1
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Let x"—>1+l for n>1
n

Then x, >1 as n—>oo0.
d(ABLx,,LLx,) —> 0 iff x, >1

d(ABLx,, ABt) — 0 iff x, —1

no

d(ABt,ABABx,) — 0 iff x, — 1
d(ABt,LLx,) — 0 iff x, —>1
ABx,,STx,,Lx,,Mx, convergesto 1=te X as

n—>o.

The pairs (L, AB) and (M, ST) are compatible map-
pings of type (c) and also satisfies the conditions (2.3.2),
(2.3.3),(2.3.4), (2.3.5) and (2.3.6)

Remarks: Main theorem remains true if we replace
condition compatible mappings of type (C) by

1) compatible mappings of type (A) or

2) compatible mappings of type (B) or

3) compatible mappings of type (P)
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