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Abstract
An Intuitionistic Fuzzy Soft Set (IFSS) is a fuzzy soft set extension that deals with ambiguous
information corresponding to their various parameters. The IFSS serves as a more efficient tool
for dealing with uncertain data than a fuzzy soft set. Hypergraphs are used to represent almost
any complex situation that involves objects and their relationships. The concept of IFSS is applied
to hypergraphs, and the concept of Intuitionistic Fuzzy Soft Hypergraphs is presented (IFSHGs).
We defined regular, totally regular, and perfectly regular IFSHGs and illustrated them with
examples. We also investigated the isomorphism of IFSHGs and their properties. The concepts
of soft R - morphism of IFSHGs and linearity of IFSHG were introduced.
Keywords: Regular, Totally Regular, Isomorphism, soft R - morphism.

1 Introduction

Molodtsov [7] pioneered the notion of soft set theory for dealing with uncertainty from the
perspective of parametrization in 1999. Maji [4] et al. introduced the concept of soft set theory
and expanded it to incorporate fuzzy soft sets. In 1999, Atanassov [1] introduced the noble
concept of an intuitionistic fuzzy set. Maji [5] et al. then proposed an intuitionistic fuzzy soft set
as an extension of a fuzzy soft set. Euler created the idea of graph theory. The notion of graphs is
generalized to hypergraphs, which are composed of a set V of vertices and a collection of subsets
of V. Berge [2] introduced the concept of fuzzy hypergraphs in 1976. Nagoorgani [9] introduced
regular fuzzy graphs in 2009. The concepts of intuitionistic fuzzy graphs, intuitionistic fuzzy
hypergraphs, and isomorphism on intuitionistic fuzzy directed hypergraphs were introduced by
Parvathi [10, 11, 12] et al. Pradeepa [13] proposed regular and totally regular intuitionistic fuzzy
hypergraphs later in 2018. In 2014, Thumbakara [15] and George addressed the importance of
soft graphs in detail. Mohinta and Samanta [6] introduced the concept of fuzzy soft graphs in
2015. Then, several authors [3,14] developed intuitionistic fuzzy soft graphs. In 2018,
Thilagavathi[16] introduced intuitionistic fuzzy soft hypergraphs (IFSHGs), which were later
studied by Myithili and Beulah[8]. The concepts of Regular, Totally Regular, Perfectly Regular,
and Uniform [FSHGs are illustrated with examples in this paper. Additionally, the linearity of
IFSHG and soft R-morphism of IFSHGs are introduced. Isomorphism of IFDHG is studied
further and examples are presented. It was further revealed that an IFSHG is regular and totally
regular IFSHGs if (Sp, Sv) is a constant function.

Notation list:
Throughout this paper, the following notations were used.
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o U be the universe set and R be the set of all parameters.

o H"=(N,S,R) is an IFSHGs.

o (N, Nv)orsimply (ui, vi) denotes the degrees of membership and non- membership of the
vertex vi € V,suchthat 0<Np+Nv< 1.

o (S, Sv)or simply (pij, vij) denotes the degrees of membership and non- membership of
the hyperedge vi,vj € VxV suchthat 0<Sp+Sv<1.

o P (V xV)is an intuitionistic fuzzy power set.

o P (V)andP (E) be the set of all intuitionistic fuzzy soft set over vertices V

e and hyperedges E respectively.

o The support of an Intuitionistic fuzzy soft set V in S is denoted by supp Ej(ai) =

e {vi/S p(ai)>0and S v(ai) > 0, ai € R}.

o Su:N—|[0,1],Sv:N — [0, 1] is a constant function.

2 Preliminaries
The basic definitions relating to intuitionistic fuzzy set, intuitionistic fuzzy soft set, intuitionistic
fuzzy hypergraphs and intuitionistic fuzzy soft hypergraphs are dealt in this section.

Definition 2.1. [1] Let a set E be fixed. An intuitionistic fuzzy set (IF'S)
V inE is an object of the form V = {(vi, ui(vi), vi(vi)) vi € E}, where
the function u; : £ — [0, 1] andv; : E — [0, 1] determine the degree
of membership and the degree of non-membership of the element v; € E,
respectively and for every vi € E, 0 < ui(vi) + vi(vi) < 1.

Definition 2.2. [10] Let E be the fixed set and V. = {{vi, ui(vi), vi(vi)) [vi € V' }

be an IFS. Six types of Cartesian product of n subsets (crisp sets) V1, Va, - - -, Vaof V over E

are defined as fol lows, of V over E are defined as f ol lows,

Vixi Vi1 Vi« = %1Vi, = {((vi, vo, * =+, va), [ lieq i, [ITe1 Vi) vi€E Vi, 2 € Vo, = - -, vn €

Vn}

ViaVipaVig - - %aViy = {((vi, v, =+, va), Xiq i — Diwj Bi By + Die ek Hi HjHi —

ot (ST Bk en i Bl b+ (DD, TTe i, [T v) vi € V1, m € 12,
“ L Vn € Va}

Vix3Viyx3Vig - =%3Vi, = {((vi, v2, * * =, vn),Xieq Vi — Diwj Vi Vi + Xizjer Vi ViVi —

ot (DX Big ek Vi ViVie - Vo (CDTY, Ty i, [T v) vi € Vi, v2 € 7,
*,vn€E Vn}

ViixaViyxaViy - - -xaVi, = {((v1, v2, = * =, va), min( fy..., Uyp), max(vy ..., vp))| vi € V1,

VEVy -, vn€ Vi

ViixsVi,xsViy = - -%5Vi, = {((v1i, v2, - * -, vn), max( fy..., Up), min(vy ..., vy))| vi € 1,

weEVWVy,: ", vn€ Vn

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

Definition 2.3. /5] If M € R and IFY denotes the set of all intuitionistic fuzzysets
of U A pair (F, M ) is called an intuitionistic fuzzy soft set over U, where
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intuitionistic fuzzy approximation function is given by F = (F,, F\) : M — IFY.
Definition 2.4. /3, 11] An intuitionistic fuzzy soft graph (IFSG) on a nonempty set Vis
an ordered 3-tuple G = (F, K, R) such that

* (F, R) is an intuitionistic fuzzy soft set over V.
* (K, R) is an intuitionistic fuzzy relation on V. That is K: R — P(V x V).
* (F(a), K(a)) is an intuitionistic fuzzy soft subgraph, for all a €
R.That is,
1. Ku(a)(uy) < min {F(a)(u), Ku(a)(v)}
2. Ku(@)(uy) = max {Ey(a)(u), Ku(a)(v)},
such that 0 < Ku(a)(uy) + Kya)(uy) < 1, foreverya € Randu, ve€ V.

Note: The fifth cartesian product has been used throughout this paper,

Vil xsVip xsViz = xsViy = {<(v1, v2, * * * , vp), max(uy, u2, * * -+, Un), min(vy, va, * = * , vy)
>||v1 EVLVIETVy -,V EKH} .

Definition 2.5. [8] An intuitionistic fuzzy soft hypergraphs (IFSHGs) — py— (H" R, G,R)
is an ordered 4-tuple, such that

« H* = (V, E) is a intuitionistic fuzzy hypergraph.

* (M, R) is an intuitionistic fuzzy soft set over V.

* (S, R) is an intuitionistic fuzzy relation on V. Thatis S: R — P(V x V).
* (N(a), ©(a)) is an intuitionistic fuzzy soft subhypergraph, for all a € R.

That is,

1. Su(a)(xi, ..., xp) < max { Nu(a)(x1), Nu(a)(x2), ..., Ru(a)(xn)}
2. Su(a)(xy, ..., xp) < min { Nu(a)(x1), Nu(a)(x2), ..., Tu(a)(xn)},

such that 0 < Su(a)(xi, ..., Xp) + Sw(a)(x1, ..., Xp) < 1, foralla € R andxy, ..., X,
€ V. Where, Su(a)(xi, ..., x,) denotes the degree of membership and Sy(a)(x, ..., Xz)

denotes the degree of non-membership of vertex to intuitionistic fuzzy soft hyperedge S,;.

Intuitionistic fizy soft hyyzergraph is denoted by H =_(Jt(a), S (a)) or

H = {H(a)), H(a>), ..., H(a»)}.

In other words, an intuitionistic fuzzy soft hypergraphs is a parameterized family
of intuitionistic fuzzy hypergraphs.

Example 1. Consider an IFSHGI;T:= (H~*, N, S,R), such that V.= {vi, v2, v3, va, V5, V6 }
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and S = {S1, G2, G3,S4, Ss5}. Let R = {ai, az} be a parameter set. Let (N, R)
be an intuitionistic fuzzy soft set over V with its approximate function t : R — P (V).
Let (S, R) be an intuitionistic fuzzy soft set over E with its approximate function S : R
— P(E).

An IFSHG H = {H(a\), H(a2)} is shown in figl.

©,(0.8,0.2 ‘
«EWMW

' lﬂ
el

Figure 1: The IFSHG H= H(a), H(a>) corresponding to the parameters a; and ax.
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3. Regular Intuitionistic Fuzzy Soft Hypergraphs

Definition 3.1. The order of an IFSHG is

O(f{) — lZa,eR (Zve\f' m#(“)> ) Za,eR <Zv€\’ m”(“)>]'

Definition 3.2. The size of an IFSHG is
S(g) N lza,el? <Z\1 RS C ( )(U d )> ' Za,ER (Z\'l...\',,EE G;"(ai)(vlmvn)>j|.

Definition 3.3. The open neighborhood of a vertex vi(ai) in the intuitionistic fuzzy soft
hypergraph is denoted by On (ai)(vi, ..., vn) and it is defined by the set of adjacent
vertices of vi(ai) excluding that vertex corresponding to the parameter.

Definition 3.4. The closed neighborhood of a vertex vi(ai) in the intuitionistic fuzzy
soft hypergraph is denoted by Cn [(ai)(vy, ..., vn)] and it is defined by the set of adjacent
vertices of vi(ai) including that vertex corresponding to the parameter.
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Example 2. For the above Example 1,
The open neighborhood of a vertex va(ai) = {vi, v3, vé} and v2(az) = {vi, ve}.
The closed neighborhood of a vertex va(ai) = {vi, v2, v3, vé} and va(az) = {vi, v2, vé}.

Definition 3.5. If H= (R, 6,R) be an Intuitionistic Fuzzy Soft Hypergraph, then
the degree of open neighborhood for a vertex vi(ai) is denoted by degOn (vi(ai))
and it is defined by degOn (vi(ai)) = degu (vi(ai)), degy (vi(ai)) , where

degu (vi(an) = Lv,en S, (vi(ay)) and degy (vi(ai) = Tv,en v(vi(a:)).

Definition 3.6. If H= (N, &,R) be an Intuitionistic Fuzzy Soft Hypergraph, then
the degree of closed neighborhood for a vertex vi(ai) is denoted by degCn|[vi(ai)]
and it is defined by degCn[vi(ai)] = (degu[vi(ai)], degv[vi(ai)]), where
degulvi(ai)] = degu(vi(ai)) + Su(vi(ai)) and degv[vi(ai)] = degv(vi(ai)) +
Sv(vi(ai)).

Example 3. For the above Example 1, the degree of open neighborhood for a vertex

v2o(a1) = (1.1, 0.8) and v2(az) = (1.1, 0.7). The degree of closed neighborhood for a
vertex v2(ai) = (2.0, 1.7) and v2(az2) = (2.0, 1.4).

Definition 3.7. Let H= (M, S,R) be an IFSHG. If all the vertices in N have the
same degree of open neighborhood degree (ki, k') for the corresponding parame
ters, then H is said to be (ki, k's) - regular intuitionistic fuzzy soft hypergraph.
Remark 1. Any intuitionistic fuzzy soft hypergraphs with two vertices and one
hyperedge is always a regular IFSHG.

Definition 3.8. Let H= (R,G,R) be an IFSHG. If all the vertices in N have the
same degree of closed neighborhood degree (pi, p';) for the corresponding
parameters, then His said to be (pi, p'y) - totally regular intuitionistic fuzzy soft
hypergraph.

Definition 3.9. Let H= (R, &,R) be an IFSHG. IF His (ki k'i) - regular and

(pi, p'i) - totally regular intuitionistic fuzzy soft hypergraph, then it is said to be
perfectly regular IFSHG.

Example 4. Consider an IFSHG H= (H*, M,S, R), such that V.= {v1, v2, v3, v4}
and E = _{viva, vav3, v3v4, viva}. Let R = {a1} be a parameter set. Let (R, R) be

an intuitionistic fuzzy soft set over V with its approximate function & : R — P (V).
N (a1) = {v1(0.7, 0.3), v2(0.7, 0.3), v3(0.7, 0.3), v4(0.7, 0.3)}
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Let (G, R) be an intuitionistic fuzzy soft set over E with its approximate function
G:R— P(E).

S (a1) = {viv2(0.8, 0.2), v2v3(0.8, 0.2), v3v4(0.8, 0.2), viv4(0.8, 0.2)}.

The open neighborhood degree of the vertices for the parameter a1 are same. That is,
deg(vi) = deg(v2) = deg(v3) = deg(va) = (1.4, 0.6). Hence IFSHG is saidto be
regular of degree (1.4, 0.6) (or) (1.4, 0.6) - regular intuitionistic fuzzy soft hypergraph.
The closed neighborhood degree of the vertices for the parameter ai are same. That
is, deg(v1) = deg(v2) = deg(v3) = deg(va) = (3.0, 1.0). Hence IFSHG is said to be

totallv reoular of deoree (2.1 0.9 ror) (2.1 09\ totallv reocular intuitionistic fuzzv
,,,,,, 'y regular of degree (2.1, 0.9) (or) (2.1, 0.9)- totally regular intuitionistic juzz)

soft hypergraph.
Remark 2. Any intuitionistic fuzzy soft hypergraphs with different membership and
non-membership values need not to be regular or totally regular under

parameterization.

Definition 3.10. If all the hyper-edges corresponding to their parameters have
the same cardinality, then IFSHG is said to be (ki, k'j) - uniform IFSHG.

Example 5. Consider an IFSHGI;; (H*, M\, G, R), suchthat V.= {v1, v2, v3, v4, vs }
and E = {vivavs, vavavs}. Let R = {a1} be a parameter set. Let (N, R) be an
intuitionistic fuzzy soft set over V with its approximate function t : R — P (V').9 (a1)
= {v1(0.5, 0.4), v2(0.6, 0.3), v3(0.7, 0.2), v4(0.4, 0.3), v5(0.3, 0.2)}

Let (G, a) be an intuitionistic fuzzy soft set over E with its approximate function

G: R — P(E).

S (a1) = {v1v2v3(0.8, 0.2), v3v4vs(0.8, 0.2)}.

The (0.8, 0.2) - Uniform IFSHG is shown in Fig: 2,

Figure 2: (0.8, 0.2) - Uniform IFSHG
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Definition 3.11. Let H = (R,S, R) be an IFSHG. For any ai € R, the intuitionistic
fuzzy soft hypergraph H=_(R(ai), © (ai)) is said to be linear if for each
Ci(ai), Ci(ai) € N(ai)
(i) suppCi(ai) € suppCji(ai) = i =]j.
(ii) |suppC€i(ai) N suppC;(ai)| <1 forall ai € R.
The intuitionistic fuzzy soft hypergraph H is linear if H(a:) is linear, for each
ai € R.
Definition 3.12. Let H, = (N1, G1, R1) and Fb_= (92, G2, R2) be two IFSHG.

An isomorphism between two IFSHG, is denoted by ﬁl = 1':]2, is a bijective
mapping T : X — X' which satisfies the following conditions,
(i) wiivi(ai) = wi [T (vi)] (ai) and
vivi(ai) = v2i [T (vi)] (ai), for all vi € N.
(ii) iy (vi, v7) (ai) = poi [T (va), T (7)) (a7) and
viig (vi, v7) (ai) = v2i7 [T (vi), T (v7)] (aq), for every vi, v; € G.

Definition 3.13. Let F; = (%1, 61, R1) and F2_= (%2, &2, R2) be two IFSHG.
A homomorphism between two IFSHG, is defined as $: X — X', is a mapping
which satisfies the following conditions,
(i) wivi(ai) = wi[H (vi)] (ai) and
vivi(ai) < v2i [ (vi)] (ai), for all vi € N.
(ii) i (vi, v7) (ai) = poii [H(vi), H(v)] (ai) and
vigr (vi, v2) () < vai7 [§ (v0), $)] (@), for every vi, v; € G.

Definition 3.14. Let i = (R 1,6 1, R1) and Fh_= (N2, S 2, R2) be two IFSHG.
A weak isomorphism between two IFSHG, is defined as T : X — X, is a
bijective homomorphism which satisfies the following conditions,
(i) wivi(ai) = p2i [T (vi)] (ai) and
vivi(ai) = v2i [T (vi)] (@), for all vi € N.
Definition 3.15. Let ﬁ1:= N1, 1, R) andﬁz = (N2, &2, R2) be two IFSHG.

A co-weak isomorphism between two IFSHG, is defined as T : X — X', isa
bijective homomorphism which satisfies the following conditions,

(i) wiy (va, vz7) (ai) = iy [T (v2), T (vz7)] (ai) and
viiy (vi, v7) (ai) = v2i7 [T (vi), T (vz)] (aq), for every vi, v; € G.
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Definition 3.16. Let F, = (%1, &1, R1) and Fb = (92, G 2, R2) be two IFSHG.
Then bijective function T: X — X' is said to be a soft morphism or soft
R — morphism, if there exists a positive numbers R 1, R 2, such that
(i) w2i [T(vi)] (ai) = R 1 [p1i ( T (vi)(ai))] and
wi [T(vi)] (ai) = R 1 [vii { T vi)(ai))], for all vi € N.
(ii) w2i7 [T(v), T(p)] (ai) = Rz [y ( T (vavz)(ai))] and
v2i7 [T(vi), T(vp)] (ai) = R2 [viiy {( T (vivz)(aqi))], for every vi, v; € G.

Theorem 1. The degrees of vertices of isomorphic intuitionistic fuzzy soft hypergraphs
may or may not be preserved.

Proof. The proof is obvious and it is exhibited in Example 6.

Example 6. ]Lﬁl = (N1, &1, R1) andﬁz = (N2, G2, R2) be two IFSHG.
Consider a mapping T: X — X_by T(u1) = u1 , T (u2) = w2, T (u3) = us,

T (ua) = ua, T (us) = us.

Clearly deg(us) and X (us) = us is (0.5, 0.1) under parameterization and deg(u2) and
T (u2) = u2 is (0.7, 0.2) under parameterization. Similarly, the degreeof all the vertices
may or may not be preserved. But for the parameters a1 and az,

S 1(u1, u2)(ai) # & (T (u1), T (u2))(ai). That is, the hyperedges do not remains

invariant showing that Hi_and F are not isomorphic.

6,(07,0.2)

6,(0.5,0.1)

Figure 3: The IFSHG H={ 151(01), ﬁ(az)} corresponding to the parameters (ai, az)

6,(0.5,0.1) 61(0.7,0.2)

Figure 4: The IFSHG H={ H(a)), ﬁf(az)} corresponding to the parameters (a1, az)
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Remark 3. In IFSHGs, the following conditions are true.
1. The order of weak isomorphism are same.
2. The size of Co-weak isomorphism are same.
3. If the size and order of two IFSHGs are equal then it might not be isomorphic.
4. If the degrees of corresponding vertices of IFSHGs under parameterization
remains invariant then the IFSHGs may not be isomorphic.

Theorem 2. Isomorphism between IFSHG is an equivalence relation.
Proof. LL]:II = (N1, &1, R1), 1:12 = (M2, 62, R) and 1373 = (M3, 63, R) be
IFSHGs with the underlying sets X, X', X"’ respectively, and R be the set of parameters.
(1) Reflexive
Consider the identity mapping T : X — X such that T (ui)(ai) = ui(ai) for all
(ui) € X, Then ¥ 1s a bijective satisfying the following conditions.
wmii(ui, viy(ai) = pi1i [T (ui), T (vi)] (ai) for all ui,vi € X and ai € R.
viiui, vi)(ai) = vii [T (i), T (vi)] (ai)
Hence T is an isomorphism of IFSHG to itself.
Therefore, it satisfies the reflexive relation.
(1) Symmetric
Let T: X — X' be an isomorphism of H1 onto H2, the T is a bijective satisfying
X (ui)(ai) = u2i(ai) for all u2i € X'
wii(ui, vi)(ai) = p2i [T (i), T (vi)] (ai) for all u;,vi € X and ai € R.
vii(ui, vi)(ai) = v2i [T (ui), T (vi)] (ai)
As T is a bijective T 7! (u2i) (ai) = (u;) (ai) for every uzi € X'
[T N uzi), TNV (ai) = py; (u2i, v2i) (ai), for all uy;, v, € X' and aj € R.
Hence we get a one to one onto mapping T ! : X — X’ which is an isomorphism
from 7D _to H].
ie) H = Fb -, Fb = H|

(111) Transitive

LetT: X — X" and T": X’ — X" be an isomorphisms of [FSHG ﬁl onto f{z and
Fb_onto F3 respectively, then

(T e Dwi)ai) =" [T ()] (ai) forall u; € X

As T: X' — X" 1s an isomorphism,

T (ui)(ai) = uzi(ai) for all (u2i) € X

wii(ui, vi)(ai) = p2i [T (i), T (vi)] (ai) for all ui,vi € X and ai € R.
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vii(ui, vi)(ai) = v2i [T (ui), T (vi)] (ai)

1e) wii(us, vi)(ai) = p2i(ug, vi)(ai)

vii(ui, vi)(ai) = v2i(u;, vi)(ai)

As T': X' — X" _is an isomorphism is an isomorphism from X’ to X”" , then we have

X" (uj)(ai) = usi(ai) for all uszi € X"’

w2, vi)ai) = P (w), T (v))(an)

vai(ug, vi)(ai) = vai( ¥’ (up), T (v)(ai)

using above, We get

miius, viy(an) = wei(uy, vi)(an) = w3 (W), T (v))(ai)

= wil(T(T (1)), T(E ()]

vidus, vi)(ai) = v2iuj, vi)(ai) = v3(T' (u)), T (vp)(ai)

= v3[(T(T (), T ()]

Therefore T’ © T is an isomorphism between X and X’ .

Hence 1isomorphism between Intuitionistic fuzzy soft hypergraphs is an equivalance
relation.

Theorem 3. Weak isomorphism between IFSHG satisfies the partial order relation.

Proof. 1t can be easily proved by the same arguments given in the above theorem.

Theorem 4. Let Hl = (%1, 61, R1), Fh = (N2, &2, R) be two IFSHG. If H1_is
co-weak isomorphic to ﬁQ and ﬁl is regular, then ﬁz is regular too under
parameterization.

Proof. Let IFSHG ﬁ]:= (M1, &1, R1)is a co-weak 1somorphic to I~{2, then there

exists a co-weak isomorphism T : X — X' , which is a bijective homomorphism
that satisfies the following conditions,

() py (vi, vz) (@) = p2i [T (va), T (¥7)] (a:) and
viig (vi, v7) (ai) = v2i7 [T (vi), T (v7)] (ai), for every vi, v; € .
Since A1 _is regular,

Zvi:vj,,,iem Maij (viv;)(a;) = constant,

Evz'ﬂj.viem Vaij (vivj)(al-) = constant
Now,
L= (v)), M2ij [T ), T (v))](ai) = Dvievjpens Mij (vivj)(a;) = constant,
Trwpet o, V2ii [T 0D, T (1))](@8) = Zyjav;, o, Vaij (viv;) (@) = constant
Remark 4. Let ] = (N1, 61, R1), Fh = (N2, &2, R) be two IFSHGs. If
H_is weak isomorphic to 75 and ] is regular, then /5 need not to be regular.
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Theorem 5. Let H= (N, &) be an IFSHG. Then (Su_: N — [0, 1], S+v: N —[0, 1))
is a constant function iff the following conditions are equivalent.
(i) H is a regular IFSHG.
(ii) H is totally regular IFSHG.
Proof. Suppose that (S, Gv) be a constant function.
Let Gu(vi) = C1 and Gyw(vi) = C2 for the parameter a1 € R and vi € G.
(1) = (11) Assume that @ a (ki , k'i)-regular IFSHG.
Let degu(vi(ar)) = ki and degy(vi(a1)) = k',.
Then we have, degu[vi(a1)] = degu(vi(a1)) + Gu(vi(a1)) and
degi[vi(a1)] = degv(vi(ar)) + Gu(vi)(ar)
Thus degu[vi(a1)] = ki + C1 and degy[vi(a1)] = k', + Ca.
Hence A is totally regular IFSHG.
(ii) = (i) Assume that A is a (pi, p'i)-totally regular IFSHG.
Let degu[vi(a1)] = p1 and degy[vi(a1)] = p’;.
Then we have degu[vi(a1)] = degu(vi(ai)) + Gu(vi(ai)) and
degi[vi(a1)] = degv(vi(ar)) + Su(vi)(a1))
= degu(vi(a1)) + Su(vi(aD) = p1, degy(vi(ar)) + Gu(vid(an) = p',
= degu(vi(a1)) + C1 = p1, degy(vi(a1)) + C2 = p',
= degu(vi(a1)) = p1 — C1, degy(vi(a1)) =p', —Cz,forai € Randvi € &
Thus A is a regular IFSHG.

Hence (1) and (i1) are equivalent.
Conversely, Assume that (1) and (i1) are equivalent.

That is His a regular IFSHG iff His a totally regular IFSHG.
Suppose that (S, Gy) is not a constant function and Gi(v1) and Gi(v2) is not equal for

some v ,v2 € RN corresponding to the parameter a; . If A is a (ki , k' )- regular IFSHG,
then deg(vi)(a1)) = (k;, k';)- for all vi € Si.

Consider, deg[vi(a1)] = deg(vi(ai)+ & (vi(ar)) = (ki k')+ & (vi(a1)) and
deg[v2(a1)] = deg(v2(ar)) + & (v2(a1)) = (k2, k) + S(v2(ar)).

Then Gi(vi) and Gi(v2) is not equal for some vy, v, € N corresponding to the parameter a;.
Thus deg[vi(a1)] and deg[v.(a1)] are not equal. Hence His not a totally regular

IFSHG, which is a contradiction.

Let H is totally regular IFSHG. Then deg[vi(a1)] = deg[v2(a1)].

Thatis deg(vi(a1)) + G (vi(ar)) = deg(v2(ar)) + S (v2(ar)) and

deg(vi(ar)) — deg(v2(ar)) = G (va2(a1)) — © (vi(ar)).

Since deg(vi(a1)) —deg(vz(a1)) # 0 and G(v2(a1)) — G(vi(ar)) # 0.

Thus deg[vi(a1)] # deg[v2(a1)]. So H is not a regular IFSHG,

which is a contradiction to our assumption,
Hence (G 4, ©v) must be a constant function.

Theorem 6. Let = (R, &) be an IFSHG. If His both regular and totally
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regular, then (Su, Gv) is a constant function.
Proof. Let H= (R, ©) be an IFSHG and it is both regular and totally regular.
Let degu[vi(a1)] = p1 and degy[vi(a1)] = p’,, forall ai € R and vi € &.

Let degu(vi(ai)) = py and degy(vi(ai)) = p',, for allai € R and vi € &.

Consider, degu[vi(ai)] = p1, forallvi € &

< degu(vi(ai)) + & u(vi(ai)) = p1

< pn+ Gu(vi(ai)) = p1

< Gu(vi(ai)) = p1 — pn, for all vi € Gand ai € R.
Consider, degy(vi(ai)) = p',, for all vi € &

< degv(vi(ai)) + Gv(vi(ai)) = p',

S pn t+ Gw(vi(ai) = p'

© Gw(vi(ai)) =p', —p',, forall vi € Sand ai € R.

3

Hence (Gyu, ©v) is a constant function.

Note: The converse of the theorem need not be true.

Conclusion

Hypergraphs are thought to be the most efficient representation for dealing with complex practical
problems in real life. An IFSS is a fuzzy soft set extension that is used to deal with uncertain
information under complexity based on the parameters. So, by incorporating IFSS and
hypergraphs, a concept of IFSHGs is provided, as well as discussion of regular - [IFSHGs and
totally regular IFSHGs. It is revealed that isomorphism between IFHGs is an equivalence relation
and that weak isomorphism satisfies the partial order relation. Soft K -morphism is also
introduced. Furthermore, the author intends to expand his research into soft K- morphism IFSHGs
and their properties.
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