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Abstract

Hypergraph is generalization of a graph, which can have an edge with more than two
vertices. A k-partite hypergraph is a hypergraph whose vertices can be partitioned into %
different independent sets. Any two IFk-PHGs (Intuitionistic fuzzy k-partite hypergraphs) has
been considered and its isomorphism property is discussed in this paper. It has been proved that
the isomorphism between two IFk-PHGs satisfies an equivalence relation and also their size and
order are same.

1. Introduction

Euler was the first researcher who found graph theory in 1736. Graph
concepts is used to solve many problems in various fields such as
optimization techniques, computer science, number theory and algebra.
Graph is a combination of a set of vertices V and a collection of subsets of V.
In 1976, Berge [4] introduced the concepts of graph and hypergraph theory.
The concept of an intuitionistic fuzzy set (IFS) was introduced in 1983 [3] and
the concept of an intuitionistic fuzzy graph (IFG) introduced in 1994 [12]. The
intuitionistic fuzzy matrix (IFM) notions and index is introduced in [1, 2].

The notions of fuzzy graphs and fuzzy hypergraphs was developed in [5].
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The concept of intuitionistic fuzzy graphs (IFGs) and intuitionistic fuzzy
hypergraphs (IFHGs) have been examined in [8, 10]. In [7], Nagoorgani and
Malarvizhi conferred the isomorphism between fuzzy graphs. The authors
defined the ideas of isomorphism on fuzzy hypergraphs in [11]. R. Parvathi,
S. Thilagavathi, K. T. Atanassov [9] refined the ideas of Isomorphism on
Intuitionistic fuzzy directed hypergraphs.

Finally in [6], the authors initiated the concepts of k-partite graphs in
intuitionistic fuzzy hypergraphs. In this paper, the isomorphism between two
intuitionistic fuzzy k-partite hypergraphs was examined with some of their
properties.

2. Preliminaries

Basic definitions relating to intuitionistic fuzzy set (IFS), intuitionistic
fuzzy hypergraph (IFHG) and IFk-PHGs are discussed in this section.

Definition 2.1 [12]. Let a set E be fixed. An intuitionistic fuzzy set (IFS)
Vin E is an object of the form V = {(v;, w;(v;), v;(v;))/v; € E}, where the

function p; : E >[0,1] and v;:E —[0,1] determine the degree of
membership and the degree of non-membership of the element v; € E,

respectively and for every v; € E, 0 < p;(v;) + v;(v;) < 1.

Definition 2.2 [8]. Consider a fixed set E and
V ={{v;, w;@©;), v;(v;)) | v; € V} be an IFS. Six types of Cartesian products of

n subsets (crisp sets) V1, Vs, ..., V,, of Vover E are defined as follows

p Vg VgV =

n n
(01,02,..‘,Un),| I Wi, | I Vi
i=1 i=1
Vi, xg Vi xo Vi V; ( ). E " E
i X o X in o X9 Vi = U1, U9, ..., Up), W - [IH U
i1 72 Vig *2 Vig 2 Vi, 1> Y2 n i:lL i:tjl]
+ E Mikjig — ..+ (- 1)
i1#£j#k

n n
-1
E . HiljME by + (=) | | Hi,l I vi)lv eV,
i=jzk..#n i=1 =1
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Ug € Vz, ..., Uy € Vn}’

n n
Vip x3 Vig %3 Vig 23 Vi, = {<(v1, V2, s Up): | | S E Vi E gV
n—2
+ E Vivivp —...+ (= 1)
i#j2k

n
(- l)n_QZ' ) A l)n_ll I iyl eVh,v9 €V, ., v € V),
i=j2k..#n i

‘/il X4 ‘/iz X4 ‘/ig e Xy ‘/Ln = {<(v1’ U9 «-os Un)’ min(“l’ Ho, ... un)’

max (vi, Vo, ..., vp)) lvg € Vi, 09 € Vo, ..., v, € V1 },
Vio x5 Vig x5 Vig ... x5 Vi, = {(vr, va, o5 vp), max (pg, B, ooy By ),
min(vq, v, ..., vy lv; € Vi, 09 € Vo, ..., v, € V1,
n n
I
i= i=
Viy %6 Vig X6 Vig -6 Viy = {00, b3, oy ), T STy ey
Uy € VQ, ..., Uy € Vn}

It must be noted that v; %, v; is an IFS, where s =1, 2, 3, 4, 5, 6.

Definition 2.3 [10]. An intuitionistic fuzzy hypergraph (IFHG) is an
ordered pair H = (V, E) where

1) V = {vy, vy, ..., U,}, is a finite set of intuitionistic fuzzy vertices,
() E = {E,, E,, ..., E,,} is a family of crisp subsets of V,

(i) E; = {(v;, nj@), vjv;) : nj@) vijv;) 20 and p;(y) +v;(y;) <1,

j=12 ..., m,
(iv) E; #0,j=1,2,...,m,
) Ujsupp(E’j) =V,j=1,2, .., m

Here, the hyperedges E; are crisp sets of intuitionistic fuzzy vertices,

u;j(v;) and v;(v;) represents the membership and non-membership degrees
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of vertex v; to E;. Thus, the elements of the incidence matrix of IFHG are of

the form (v, u;(v;), v;(vj)). The sets (V, E) are crisp sets.

Definition 2.4 [6]. The IFk-PHG H is an ordered triple H = (V, E, y)
where

1) V = {v, vg, ..., v, } is a finite set of vertices,

(i) E ={E, Es, ..., E,,} is a family of intuitionistic fuzzy subsets of V,

() E; = {(v, uj) vi[v)) s mj@;), viw;)) 20 and  pj(y;) +v;(y;) < 1,
j=12 ..., m,

(V) E; #0,j=1,2 ..., m,

() Ujsupp(E;) =V, j=12 ..., m

(vi) For all v; € E;, there exists k-disjoint hyperedge vy;,1=1,2,..., k>

no two vertices in the same hyperedge are adjacent where E; = ﬂ Wi = 0.

3. Notations

Throughout this chapter the following notations were considered.
Let H denotes intuitionistic fuzzy k-partite hypergraph (IFk-PHG), then

1) <“ki’ Vki> represents the membership and non-membership degrees of

the vertex v; € V, V < H such that 0 < Mg, + Vi, <1

(i1) <p'kij’ Vkij> represents the membership and non-membership degrees
of the edge (v;, vj) € VxV < H such that 0 < Hp; + Vi; < 1. That is, g,

and Vi are the degrees of membership and non-membership of ith vertex in
jth edge of H.

Note: Throughout this paper, it is assumed that the fourth cartesian

product
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Vi x4 Vig x4 Vig oooxq Vi = {{(v1, vg, -, ), min(ug, B, ooy 1),
max(vy, Vo, ..., vp)) lv; € Vi, v9 € Vs, ..., v, € V),

is used to find the edge membership and non-membership <“kij’ Vi ).

4. Isomorphism - Basic Properties

Definition 4.1. Let ‘H = (V, E, ¥) be an intuitionistic fuzzy k-partite

hypergraph. The index matrix representation of IFk-PHG is of the form
[V, ¥ =« VxV] where V = {vy, vg, ..., v,} and

¥ = kg Vi) =

Ul 1)2 ae Un
v | Y Y12 o Y
Ug | Y21 WYo2 - Yo
Un | Ym Y2 e Ynn

where  1;; = <“kij’ Vkij> e[0,1]x[0,1](1 <i, j < n), the Fk-partite edge
between two vertices v; and v; is indexed by <|,Lkij, Vi) The values of
<“k;j’ Vkij> of an IFE-PHG can be determined by the fourth cartesian product

from definition 2.2.

Definition 4.2. The order of an IFk-PHG H = (V, E, ) is defined to be

O () = Oy, (M) = D vy ().

v; eV

Definition 4.3. The size of an IFk-PHG H = (V, E, v) is defined to be

S0 = S(up )0 = D (e Vi 3 03).

vi,vjeV
Definition 4.4. The degree of a vertex v in an IFk-PHG, H is denoted by
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dy(v) and defined by dy(v) = (d,(v), d,(v)) where d,(v) = ug(y;) d,(v)
= Vk(ll)]) ifve 'l/)J

Definition 4.5. Consider two IFk-PHGs H =(V,E,y) and
H =(V', E', y). Amapping f : H — H' is said to be a bijective map

() if g ) my ;) € Hoand  flug, ) flg, (V7)) € H' then  pg (v;)
= py, (vj) and if v (v;), vi, (V) € H, fvg, () (Vi (v;)) € H' then v (v;)
= v, (V)

(i) if g (), v ;) € H' then  pp (v;) = flug (v;)  and vy, (v;)
= f(vg,;(vj)) for some v; e H.

Definition 4.6. The Homomorphism of two IFk-PHGs H = (V, E, v)
and H = (V', E', ¢') is a mapping h : V — V' which satisfies

() n, (0;) < pp, (A; ); vi, (07) 2 Vi, (A(v;)) for every v; € V' and

(i) pg (v, v;) < M (h(v;), A;)); Vi (vj, vj) = Vlkz:j (A(v;), Mo;)) for every
v;, Uj eV.

Definition 4.7. Consider two IFk-PHGs H=(V,E,y) and
H = (V', E', ¥'). An isomorphism between two IFk-PHGs H and H' denoted
by H = H' 1is a bijective map I :V — V' which satisfies the following

condition
() (Krys Vi) (V) = (ks Vi) (Z(v;)) and
(i1) <”kij’ vkij>(vi, vj) = <u’kij, V’kij>(I(Ui), I(v;)) for every v;, vj € V.

Example 4.1. Let H and H' be two IFHG as shown below.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 7, May 2022
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(0.1,0.7)

v4(0.7,0.1)

v1(0.3,0. v2(0.1,0.7)

v3(0.6,0.2)
L]

v6(0.5,0.3 3

v7(0.2,0.5)\ ®
(0.1,0.7)

Figure 1. H

(0.1,0.7)

v4(0.5,0.3)

v7(0.1,0.7) 12(0.8,0.1)
2(0.8,0.1)

vs(0.4,0.5)

v3(0.6,0.2)

(0.4,0.5)
(0.1,0.7)

Figure 2. H'
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From this we can construct an IFk-PHG, H and H'. The corresponding

graph is shown below.

(0.1,0.7
L0 v2(0.7,0.1)
/) f3
B ~ ™G
~ e Y0, -
N 15(0.4,0.5
v6(0.5,0.3 e il s )
= f';/(,”,f
v7(0.2,0.5) T~ <k [u:(0.8,0.1)

1
. 1 (0.4.0.5)
(0.1,0.7) ’
N

’
2 7 4(0.5,0.3)
.

Figure 3. H
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(0.1,0.7)

v4(0.5,0.3)
v1(0.3,0.2)

vs(0.4,0.5)

(02,05 v4(0.6,0.2)
1(0.4,0.5)
’
/
1 27 14(0.5,0.3)
.

~ -

Figure 4. H'
The graphs shown in Figure 3 and Figure 4 are isomorphic IFk-PHGs.
Definition 4.8. The Weak isomorphism of two IFk-PHGs H = (V, E, v)
and H' = (V', E', ¢') is defined as I : V — V' is a bijective homomorphism
that satisfies (kg,, vi,) (v;) = (4%, Vi) (L(v;)) for every v; e V.
Note 1. In weak isomorphism only vertices in IFk-PHGs are equal.
Definition 4.9. The Co-weak isomorphism of two IFk-PHGs
H=(V,E,y) and H =(V', E', ') is defined as I : V — V' is a bijective
homomorphism that satisfies
<uk1.j, vkij>(vi, vj) = <u’k1.j, V’kij>(I(vi), I(v;)) for every v;, vj e V.
Note 2. In co-weak isomorphism only partite edges in IFk-PHGs are
equal.
5. Isomorphism between two Intuitionistic Fuzzy k-partite
Hypergraphs

The index matrix representation of two isomorphic intuitionistic fuzzy k-
partite hypergraphs is analyzed in this section.

Steps involved to identify isomorphisms between two IFk-PHGs H and
H.

(1) H and H' have same number of vertices (V)
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(1) H and H' have same number of hyperedges (F)
(i) H and H' have same number of disjoint sets () and
(iv) H and H' have same number of vertices with the same degrees (dy).

Let the two  IFk-PHGs Hy = {1, vg, Us, Uy, Us, Ug} and

Hy = {y, us, us, uy, us, ug} given in Figure 5 and Figure 6 as follows.

v1(0.2,0.7)

) o o

v6(0.6,0.3)

(0.370.6)
(0.4,0.5)

Figure 5. H,

(0.6, U.J/)/ -7 R

« (0.4,0.5)
7
(0.2,0.7) I B
41(02,03 0 /N 13(0.6,0.3)
\ .Mm 16(0.4,0.5)
N
\
r: \
o> 15(0.3,0.6) !
\J\
N ~ 3 4
{’j ~ 1 S - /“« (0.3, 0.6)

14(0.5,0.4)

(0.3,0.6)

Figure 6. Hy
The index matrix of H; is H; =[V, My » Vkij] where

V = {v;, vy, U3, Uy, U5, Ug} and

(Mpyj» Vi) =

Advances and Applications in Mathematical Sciences, Volume 21, Issue 7, May 2022



3662

K. K. MYITHILI and R. KEERTHIKA

Hence the calculated value of dy(v;), dy(u;) are displayed below:

dyy(vy) = (0.2, 0.7)
dyy(vs) = (0.6, 0.3)
dyy(v3) = (0.3, 0.6)
dyy(vg) = (0.2, 0.7)
dy(vs) = (0.3, 0.6)

dy,(vg) = (0.6, 0.3)

dy(wy) = dyuy) = dy(v1) = dyy(vy), we must have either

() = (0.2, 0.7)
di(us) =
dyy(us) = (0.6, 0.3)
diy(uy) = (0.2, 0.7)
dyy(us) = (0.3, 0.6)

di(ug) = (0.3, 0.6)

(0.6, 0.3)

U ) U3 Uy U5 U6
a | (0, 1) ©, 1) 0, 1) 0.2,07) (0, 1) 0, 1)
vy | (0,1) 0, 1) 0, 1) (, 0, 1) (0.6, 0.3)
vs | (0,1) 0, 1) 0, 1) (o, (0.3,0.6)  (0,1)
o | 0207 (0,1) 0, 1) (, 0, 1) (0, 1)
vs | (0,1) ©,1) (03,06 (0, ©,1) (0, 1)
v | (0,1) (0.6,0.3) (0, 1) (©, 0, 1) (0, 1)
The index matrix of Hg is Hy =[V, ., kij] where
V = {y, ug, us, uy, us, ug} and
(Mpyj» Vi) =
uy ug us Uyq us Ug
w | (01 ©,1) ©,1) 02,07 (0,1) 1)
uy | (0,1) (0, 1) (0.6,03) (0, 1) 0, 1) (0, 1)
us | (0,1) (0.6,0.3)  (0,1) (0, 1) 0, 1) (0, 1)
g | 02,07 (0,1) 0, 1) (0, 1) 0, 1) (0, 1)
us | (0,1) ©,1) 0, 1) (0, 1) ©,1) (0.3, 0.6)
ug | (0,1) 0, 1) 0, 1) (0, 1) 0.3,0.6)  (0,1)

() f(w)=v; and f(uy) = vy or (i) f(w)=vs and f(uy) =1, perhaps

either will work.

Also, dy(ug) = dy(ug) = dy(vg) = dyy(vg), so we must have either

Advances and Applications in Mathematical Sciences, Volume 21, Issue 7, May 2022
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() f(ug) = v and f(ug) = vg or (i) f(ug) = v and f(u3) = vy
Finally, since dy,(u5) = dy(ug) = dyy(v3) = dyy(vs), we must have either
(i) f(us) = vg and f(ug) = v5 or (i) f(u5) = v5 and f(ug) = vs
The mappingare 1 - 1,4 - 4,2 > 2;3 —> 6;5 > 3;6 — 5.

The index matrix of H; gives the index matrix of Hgy by using this

mapping. Using the above permutation, recalculate the index matrix by

changing the labels of the hypergraph 7, to produce another hypergraph

Hs. Hence the resulting index matrix of Hs (after labeling of ) becomes,

(Mryj» Vi) =
1 ug ug Uy Us ug
u (0, 1) (0, 1) (0, 1) (0.2, 0.7) (0, 1) (0, 1)
us | (0,1) (0, 1) (0, 1) (0, 1) (0, 1) (0.6, 0.3)
ug | (0,1) (0, 1) (0, 1) (0,1) (0.3,0.6) (0, 1)
ug | 02,07 (01) (0, 1) (0, 1) (0, 1) (0, 1)
us | (0,1) (0, 1) (03,06  (0.1) (0, 1) (0, 1)
ug | (0.1) (06.03)  (0,1) (0, 1) (0, 1) (0, 1)

which is same as H; Hence H; = Hs.

6. Some properties of isomorphism on IFk-PHGs

In this section, the properties of isomorphism on IFk-PHGs are discussed

by using order, size and degree of H. It has also been proved that

isomorphism between IFk-PHGs preserves an equivalence relation.

Theorem 6.1. In any two isomorphic IFk-PHGs, their size and order are

same.

Proof. If I : H — H' is an isomorphism between the IFk-PHGs H and

H' with the underlying sets V and V' respectively, then
(Wry> Vi) (0)) = (U Vi) (L(v;)) for every v; e V.
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Also, <l,lkij, Vkij> (i, vj) = <},L’ki]., v'kij>(I(Ui), I(vj)) for every v;, v; € V.
We know that

O(H) = Oy, vy, (H)

Z (s Viy ) (07)

v; eV

D (b Vi) T@1))

v; eV

= O(Hk,\’k)(H’)

=O(H)

Similarly, S(H) = S, v,)(H)

D (g Vi) @55 07)

v;,vjeV

D (b Vi) T@3), 1(07)

U, Vj eV
= S, vi)(H)
=S(H)

Hence, their order and size are same.

Corollary 6.1. If order and size of the two IFk-PHG are same then it is

not necessary that they are isomorphic.

Theorem 6.2. In any two weak isomorphic IFk-PHGs, their order are

same, but the converse part need not be true.

Proof. Consider two IFk-PHGs H and H'. Given that H and H' are

weak isomorphic.
(e (ups Vi) ) = (W% Vi) (I(v;)) for every v; € V, where I is a

mapping from V — V',
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We know that

O(H) = Oy, vy)(H)

D gy viy) 1)

v;eV

D (b Vi) T(1)

v; eV

= Ojvi) (M)

=0O(H)
This shows that order is same.
On the other hand, assume that O(H) = O(H')
(e D (s Vi) @) = D (ks Vi) (1@7)

v;eV v;eV

But it is not necessary that (g, vi,) ;) = (uk,, Vi) (1(©;))
Hence, the IFk-PHGs of same order need not be weak isomorphic.

Example for the above theorem: Let H = {v;, vy, U3, Uy, Us, Ug, U7, Ug}
and H' = {1, vy, U3, U}, U5, Ug, Uy, U} be two IFk-PHGs as shown in Figure

7 and Figure 8 respectively.

(0.1,0.15) )/

C i ~ ’
U o~ - 4’
————— (O

.2)

Figure 7. H
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~

o 17(0.5.02) &
"W
v5(0.8,0.1) Y,

~ (0.1,03)

S~ ¥a(01,03) .7
Figure 8. H'

Remark 6.1. In any two co-weak isomorphic IFk-PHGs, their sizes are

same. But the converse part need not be true.

Theorem 6.3. If H and H' are isomorphic IFk-PHGs then the value of
dy(v;) are same.

Proof. Let I:V — V' be isomorphic of H onto H'. Then by
isomorphism definition, <“kij’ Vk,L-j>(Ui’ v;) = <l”l,kij’ v’kij>(I(vi), I(v;)) for every

v;, Uj eV.

dy(v;) = ug(y;) if v; € ;

ur(w;)
= dy(I(v;)
Similarly, d, (v;) = vi(y;) if v; € p;
= vi(y;)
- d, (1)
Hence, the degrees of their vertices are same.

Corollary 6.2. Converse of the above theorem need not be true.

(i.e.) if the degree of vertices of two IFk-PHGs are same then the two IFk-PHGs
need not be isomorphic.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 7, May 2022
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Example:

v3(0.4,0.3)

(0.3,0.5)

14(0.3,0.3)

\
13(0.3,0.3)

.

Un(0.4,0.3)
. L70a(0.2,0.5)

v5(0.3,0.3)

(0.2,0.5) -

’ 2
v6(0.4,0.1) -~ %.(0.3,0.3)

-
—_————

(0.2,0.5)

Figure 10. H’

Theorem 6.4. Isomorphism between IFk-PHGs satisfies an equivalence
relation.

Proof. Let H=(V, E, v), H =(V', E', ¢/) and H" =(V", E", ¥") be an
IFk-PHGs.

(1) Reflexive:

Consider the identity map A :V — V, such that h(y;) =v;, for every
vy eV. This h is an bijective map which satisfies (uz, vi,)(V;)

= (ug;» Vi) (A(v;)), for every v; e V.
Also, <”k1'j’ Vklj>(vi’ v;) = <”kij’ Vkij> (A(v;), h(v;)) for every v;, v; € V.
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Hence, A is an isomorphism of an IFk-PHG onto itself.
(1) Symmetric:

Let h:V — V' and h(v;) = v}, v; € V be an isomorphism of H onto H'

satisfying,

(Mry> Vi) (1) = (Hk;» V) (A(v;)) for every v; € V.
Also, <”k1'j’ Vk,-j>(vi’ v;) = <u’k1.j, v'kij> (A(v;), h(v;)) for every v;, v; € V.
From A(v;) = v}, we have A1) = v; for every v} e V".

Therefore, (up,, vki>(h71(vl’- ) = (W, > Vi) () for every v} e V.
<},Lkij, vkij>(h71(v£), hfl(v})) = (u'kij, v’kij>(v§, vj;) for every vj, vj e V.

This implies that Al1:V 5 Visa bijective map and H' = H.

(i11) Transitive:

Let the two isomorphisms be A:V > V' and g: V' —> V" of the IFk-
PHGs, H onto H' and H' onto H" respectively. Then we need to prove that
(g oh) is a 1-1, onto map from Vto V" where (g o h)(v;) = g(h(v;)) for every
v; e V.

As h is an isomorphism we have h(v;) = v} for every v; € V.
Also, (ugs Vi, ) (v;) = (U, > Vi) (A(v;)) for every v; e V.

<Hkij’ vkij>(vi, v;) = <},L'kij, V'kij>(h(vi), h(v;)) for every v;, vj € V.
Using A(v;) = v} we have,

(Bros Vi) (V) = (R s Vi) (V])

(g Vig) 01 ) = (s Vi) 0 ).

As g is an isomorphism from V' to V" we have g(v}) =}, v} € V' and
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(s Vi) () = (1 V) (8(0) for all vf € V",
<M}3ij’ v'kij>(v§, vj) = (u’}gij, v';'eij>(g(vl‘), g(vj) for every v}, vj e V.
Using the above equations and also by using A(y;) = v}, v; € V we get,
(kg Vi) U3) = (Wi Vi ) (0F) = (W Vi) (), for all v; € V.
<“ki’ Vk,->(Ui) = <“”ki’ v’;’ei>(g(h(vi ), for every v; € V.
Also, (W Vi) U v7) = (W Vi) (U, V)
= <“”kij" v};lj)(g(vg), g(v})), for every v, vj e V'
= by Vi) (&A1), 80y, for every v, v < V.

Therefore goh is an isomorphism between H and H'. Hence

isomorphism between IFk-PHGs preserves equivalence relation.

Theorem 6.5. Any two IFk-PHGs with weak isomorphism satisfies the

partial order relation.

Proof. Let H=(V, E, y), H' =(V', E', ¢'), and H" = (V", E", ¥"), be an
IFk-PHGs.

(1) Reflexive:

Let the identity map be h:V — V such that h(v;) =v;, for every
v; e V. This h is an bijective map which satisfies (up, Vki>(Ui)
= (Up» V) (A(v;)), for every v; € V.

Also, <”kij’ Vkij> (vi, vj) = <l,lk1.j, Vkij> (h(v;), A(vj)) for all v;, v; € V.

Hence, h is a weak isomorphism of an IFk-PHG to itself.

Hence H is weak isomorphic to itself.

(i1) Anti Symmetric:

Let h be weak isomorphic between H and H' and let g be weak
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isomorphic between H' and H. (.e.) hA:V — V' is a bijective map

h(v;) = Vi, v; € V satisfying
(i Vi) ©0) = (. Vi) (1 (01) for every vy V.

Also, <”kij’ Vkl-j>(vi’ v;) < <u,kij’ v’kij>(h(vi), h(v;)) for every v, vj eV

and g : V' —> V is a bijective map satisfying
(R s Vi) (©F) = (ug s Vi) (8 (0])) for every v; e V.
Also, <u’kij, v}?ly.)(vg, ;) < <“kij’ vkij>(g(vg), g(v})) for every v;, vj € V.
The above inequalities implies that H and H' are identical.

(ii1) Transitive:

Let h:V -V and g: V' — V" be two weak isomorphism of the IFk-
PHGs, H onto H' and H' onto H" respectively. Then we need to prove that
g o h is a 1-1, onto map from Vto V" where (g0 h)(v;) = g(h(v;)) for every
v; eV.

As h is a weak isomorphism we have h(v;)= v} for every v; € V.
Also, (Hp, s Vi) (V) = (R s Vi) (A(v;)) for every v; e V.
<“kij’ vkly.)(vi, v;) < <},L'kij, V,kij> (h(v;), h(vj)) for every v;, vj € V.

As g is a weak isomorphism from V' to V" we have g(v}) =1}, v} e V'

and

(Wi Vi) 01) = (1 Vi) (801 for every f < V.
(Woyis Vi) (Vs 7)) < (Wks Vi) (8(0)) 8 (v))) for every vf, v} e V'
0 R i’ ki

Using the above equations we get,

ity Vi) ©5) = (b Vi ) 08) = (4 Vi) () for every o < V.

(Brys Vig) (03) = (uk;s Vi) (8 (R (1)), for every v; e V
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Also, (W, Vi) (U, V7)< (s Vi) (U, U)

< (u';;lj, v';’gi].) (g(;), g(v})) for every v;, v e V'

= (1} Vi) (&) £(A(v;) for every vy, v; e V

Therefore goh is a weak isomorphism between H and H'. Thus

transitivity is satisfied and it is weak isomorphic. Hence it satisfies partial

order relation.

7. Conclusion

The concept of isomorphism plays a vital role in graph theory. A bijective

correspondence which preserves adjacent relationship between vertex sets of

two IFk-PHGs. The size, degree and order of the vertices of the isomorphic

IFE-PHGs are discussed and some of its properties are also analyzed and

extended in the index matrix representation. It is verified that there exists

an equivalence relation between all isomorphic IFk-PHGs and partial order

relation for all weak isomorphic IFk-PHGs.
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