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Abstract

Fuzzy soft sets and graphs are invented to solve uncertain problems in the field of Applied mathematics.
It is a general mathematical tool introduced with many parameters to model the vagueness of the changing
world. The insight learning of the AQSP fuzzy soft graphs paved the way to discover the extension of the
AQSP fuzzy soft graph. In this research article we introduce the Regularity of AQSP fuzzy soft graph
with definitions, theorems, properties, and real-life applications. The aim of this invention is mainly to
obtain the parametric values in submerging level of confidence [-0.5, 0.5] C [-1,1]. The scope of this new
AQSP fuzzy soft graph is to solve the imprecise problems in the field of Mathematical Engineering, Bio
Mathematics, Economics, Medical Science, Artificial Intelligence and Machine learning. The regularity
of AQSP fuzzy soft graph is combined with the concepts of regular, totally reqular, and perfectly regular.
The application of this new graph is developed for governing of the women safety vehicle network in
different spots with membership submerging values. The future extension can be applied in Approximate
reasoning, Mathematical psychology, Decision making for medical diagnosis.

Keywords: Regular AQSP fuzzy soft graph, Totally regular, Perfectly regular AQSP fuzzy soft
graph, Alternate Quadra Submerging level of confidence.

1. INTRODUCTION

The concept of graph theory was introduced by Euler in 1736. He concreted the way to find
the solution of Konigsberg bridge problem. In 1965 Zadeh[20] invented Fuzzy set theory as a
mathematical fuzzy tool for handling uncertainties like vagueness, ambiguity, and imprecision
in linguistic variables. Fuzzy set has resulted as a potential area of interdisciplinary exploration
and the fuzzy graph theory is of modern inducement. The first definition of fuzzy graph
was determined by Kaufmann[10] in 1973, based on Zadeh’s fuzzy relation in 1971. In 1975,
Rosenfeld[16] introduced the concept of fuzzy graph. The structure of fuzzy graphs, using
fuzzy relations, obtaining contrasts of several graph hypothetical concepts are the masterpiece
of Rosenfeld. Operations on fuzzy graphs were exposed by J.N.Moderson[14] and C.S.Peng.
A.Nagoorgani[8] and K.Radha[9] invented the concept of regular fuzzy graphs in 2008.

In 1999, D.Molodtsov[12] intended the notion of soft set theory to solve complicated
uncertain problems in Applied Mathematics, Engineering and Environmental studies. In 2001,
P.K.Maji[11], initiated the concept of fuzzy soft sets. Zou and Xio discussed the application of
the fuzzy soft sets in an imprecise scenario. Later, Akram[4] and Nawaz[15] presented new
ideas known as fuzzy soft graphs. A.Pouhassani[24] and H.Doostie studied degree, total degree,
regularity and total regularity of fuzzy soft graph and its properties. Regular fuzzy soft graphs
and its related properties are investigated by B.Akhilandeswari. The concepts of fuzzy bipolar
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soft sets and bipolar fuzzy soft sets have been introduced by Naz and Shabir. Aslam et al studied
some basic operations on bipolar fuzzy soft sets.

In this article, we portray a new mathematical fuzzy graph model AQSP Fuzzy Soft graph
for dealing imprecise information by integrating the concepts of fuzzy graph and fuzzy soft
graphs. We estimate the regularities of AQSP fuzzy soft graphs and some of their characteristics
and properties. Here Regular AQSP fuzzy soft graphs, and totally regular AQSP fuzzy soft
graphs and perfectly regular AQSP fuzzy soft graphs are examined. Total degree of an AQSP
fuzzy soft graph is designed. Theorems for regular AQSP fuzzy soft graphs and totally regular
AQSP fuzzy soft graphs are presented. A necessary condition under which they are equivalent
is provided. Some properties of regular AQSP fuzzy soft graphs, perfectly regular AQSP fuzzy
soft graphs are reviewed with real life applications.The perception of AQSP fuzzy soft graph
membership values with submerging level of confidence is applicable in Machine learning and
medical psychology.We explored the AQSP fuzzy soft graph module in Governing of women
safety police vehicle network with membership score functions.

2. PRELIMINARIES

2.1.  Fuzzy Graph [16]

Let U is a non-empty set. A fuzzy graph is a set of two of functions G : (¢, 1) where ¢ is a
fuzzy subset of U, y is a symmetric fuzzy relation on ¢, where ¢ : U — [0,1] and the edge set
#:UxU—[0,1] such that, u(x,y) <min(u(x),u(y)) Vx,y € U. The underlying crisp graph
of fuzzy graph G : (o, i) is with the notion G* : (¢*, u*) where ¢* is denoted as the non-empty
set U of verticesand y* =E € V x V.
2.2. Fuzzy Soft graph [13]

A fuzzy soft graph G = (G*, F,K, A) is a four tuple such that

1. G* = (V,E) is a simple graph.

2. A is a non empty set of parameters.

3. (E A) is a fuzzy soft vertex set V.

4. (K, A) is a fuzzy soft edge set E.

5. F(a),K(a) is a fuzzy soft graph of G*V a € A.
Then it satisfies the condition, K(a)(x,y) < F(a)(x) AF(a)(Y) Va € Aand (x,y) € V.

2.3. Fuzzy soft graph degree of a vertex [4]
Let G = (G*, F,K, A) be a fuzzy soft graph on G*. The fuzzy soft graph degree of a vertex a is
defined as degg(a) = Yoen Lxzy K(e)(x,y)Va € Aand (x,y) € V.
2.4. Regular Fuzzy soft graph [4]
Let G = (G*, F,K, A) be a regular fuzzy soft graph if (F(e), K(e)) is regular fuzzy graph of degree
k for all e; € A then G is a k- regular fuzzy soft graph.
2.5.  Order of fuzzy soft graph [4]

Let Gay = ((A,0,), (A, 1,)) be a fuzzy soft graph. Then the order of fuzzy soft graph G4 v =
Yec Lxen 0e(X).
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2.6. AQSP Fuzzy Soft Graph [18]

Let V = (07 (x), o] (x), 02 (x), 0 (x)), (0F (x), o (x), 05 (x), 0 (x))...(0F (), o (x), 01 (x), o1 (x)))

be a nonempty AQSP fuzzy set. E (Parameters set) and A 4osp C E. Also let,

Q) ol: A a0sp — Fagsp(V)(Collection of all AQSP fuzzy subsets in V), e — ol and
ol 1V —0,1], v; —> of then (Aapsp,0”) : AQSP fuzzy soft vertex set.

(i) oN : Aagsp — Fagsp(V)(Collection of all AQSP fuzzy subsets in V), e — o
0NV — [-1,0], v; —> o then (Aagsp, o) : AQSP fuzzy soft vertex set.

(iii) pp : Apgsp — Fagsp(V)(Collection of all AQSP fuzzy submerge subsets in V), e — pf ,
and pl : V — [0,0.5], v; — p? then (Aaqpsp, p) : AQSP fuzzy soft vertex set.

(iv) pN : Aagsp — Fagsp(V) (Collection of all fuzzy submerge subsets in V), e — pé\] , and
pN 1V — [-0.5,0], v; — pY then (Aaqgsp, V) : AQSP fuzzy soft vertex set.

W) uf: Axosp — Fagsp(V x V) (Collection of all AQSPfuzzy subsets in V x V), e — ul,
pe 2V xV —1[0,1], (v;,0}) = g (v;,0j) then (Aagsp, u”) :

AQSP fuzzy soft membership edge set.

(vi) uN : Apgsp — Fagsp(V x V)(Collection of all AQSPfuzzy subsets in V x V), e — ulY,
and ul : VxV — [-1,0], (v;, vj) — ulN(v;, vj) then (Aagsp, V)1 AQSP fuzzy soft
non - membership edge set.

(vii) vP : Aggsp — Fagsp(V x V)(Collection of all AQSPfuzzy subsets in V x V), e — 7%,
and 7} : V x V. — [0,0.5], (v;,v;) — ¢ (v;,0;) then (Aagsp,¥") : AQSP fuzzy soft
submerge membership edge set.

(viii) YN : Apgsp — Fagsp(V x V)(Collection of all AQSPfuzzy subsets in V x V), e — ¥,
and Y : V x V — [<05,0], (v;,v7) — 72 (v;,vj) then (Aagsp, v) : AQSP fuzzy soft
submerge membership edge set. Then the AQSP fuzzy soft graph is,

((Aagsp), (0N, 0f,0M)), ((Aagsp), (', uN, ", +N)) if the conditions are satisfied
@ pe (v y) <ot ()Nl (), O (xy) >0 (x) Vo (y),
© 76 (x,y) <pd () ApE(y), (@A) 7Y (xy) > e (x) Vel (y), for all e € Aggsp and
for all values of x,y = 1,2,3,...,n and this AQSP fuzzy soft graph is denoted as Gags p(A, V).

, and

3. METHOD

The essential definition of AQSP fuzzy soft graph method is deliberated with an examples.

3.1. Alternate Quadra Sub - merging Polar(AQSP) Fuzzy Graph

An Alternate Quadra - Submerging Polar (AQSP) Fuzzy Graph G = (0agsp, Hagsp) is a fuzzy
graph with crisp graph G* = (0j,osp , Higsp ) is givenas V = (o (x),oN (x), pf (x),pN (x))
which is the membership value of vertices along with the uncertain membership value of edges is
givenas, E=V x V= (u (x,y), 1N (x,y), 7" (xy), 7" (x,y))-

Here the vertex set V is defined with the given condition in a unique method which is an
alternate contrast submerging polarized uncertain transformation.Here c” = V — [0,1], oN =
V —[-1,0],p" =d | 05,07 (x)|and pN = —d |-0.5, ¢N (x)|. Here (-0.5, 0.5) is the fixation
of uncertain alternate contrast polarized
submerging transformation into certain consistent preferable position. And the edge set E satisfies
the following sufficient conditions.

(i) pP(xy) <min(o®(x), o"(y)), (i) pN (x,y) =max (o (x), N (y))

(iii) 9P (x,y) <min (0" (x), o (y) ) (i0) ¥V (x,y) > max (N (x), oV (v)),

Y(x,y) € E. By definition, u* =V xV —[0,1] x [1,0], uN =V xV — [-1,0] x [0, —1]
and the submerging mappings, 7" =V x V. — [0,0.5] x [0.5,0],
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AN =V xV — [-0.5,0] x [0, —0.5], which denotes the impact of the alternate quadrant polar-
ized fuzzy mapping.

The maximum of submerging presumption to be at the level of confidence [0,0.5] C [0, 1]
and the minimum of submerging presumption level of confidence is [—0.5,0] C [—1, 0] extension
of the graph with its membership and non - membership values portrait the unique level of
submerging destination in an AQSP fuzzy graph.

Also it must satisfy the condition, —1 < ¢ (x) + N (x) <1 and |pf (x)+pN (x)| <1
with constrains 0 < oF (x) + 0N (x) + [pP (x) 4+ p" (x)| < 2 such that the uncertain status of
submerging presumption, transform into its precise consistent level with fixation mid - value 0.5,
which implies that level of confidence 0.5 in an AQSP as the valuable membership of its position
which is real and valid in the fuzzification. The example of AQSP fuzzy graph is given in Figure.1.

v,(08,-0.7,0.3,-0.2)

(0.7,-0.7,0.2,-0.2) (0.7,-0.6,0.2,-0.1)
(0.7,-0.9,0.2,-04) v, v,(09,-08,04,-0.3)
(05,-0.7,0.0, -0.2) (0.7,-0.5,0.2,-0.1)
(0.6,-0.7,0.1,-0.2) v, v5(0.7,-0.6,0.2, -0.1)

(0.6,-0.6,0.1,-0.1)

Figure 1: AQSP Fuzzy Graph G = (0AQsp, 1AQSP)

3.2. Example of AQSP Fuzzy Soft Graph

Consider an AQSP fuzzy soft graph Gagsp(A, V), where V = (v, v2,v3,v4) and
E = (e1,e2,e3). Here Gpgsp(A, V) is described in Table.1. and
e (0;, v]-) =0, Y(v;, ZJ]') €V x V {(v1,v2), (v3,v3),(v3,v4), (v1,v4),(v1,v3)} forall e € E.

Table 1: Tabular representation of AQSP Fuzzy Soft Graph parameter vertex set.

(,0) vy (%) U3 Uy

e1 (06,-07, (07,-08, (08,-09, (06,-07,
01-02) 02,-03) 03,-04) 0.1-02)

es  (07,-06, (08,-07, (09,-08, (08,-08,
02-01)  03,-02) 04,-03) 03-03)

e (08,-06, (09,-0.7, (08,-08, (09,-009,
03,-01) 04,-02) 03,-03) 04-04)
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Table 2: Tabular representation of AQSP Fuzzy Soft Graph parameter edge set.

(,7) 01,02 v,03 3,04 V4,701 01,73
e (06,-07, (0.7,-08, (0.6,-07, (06,-07, (0.6, -0.7,
01-02) 02,-03) 01,-02) 0.1,-02) 0.1,-02)
e (0.7,-06, (07,-07, (08,-08, (0.7,-06 (06,-06,
02-01)  02,-02) 03,-03) 02-0.1) 0.1,-0.1)
es (08,-06, (08,-07, (08,-07 (07,-0.6 (08, -0.6,
03-01) 03,-02) 03,-02) 02-0.1) 03,-0.1)

Table. 2. represents the AQSP fuzzy graph with parametric membership
and non - membership with submerge values.

4. DESCRIPTIONS OF THE REGULARITY OF AQSP FUZZY SOFT GRAPH

41. Regular AQSP Fuzzy Ssoft Graph

Let G* = (0, u*) be a crisp graph and Gagsp(A, V) be an regular AQSP fuzzy soft graph of
G*. Then Gagsp(A, V) is said to be an regular AQSP soft graph, if R4osp(e;) is an regular AQSP
fuzzy soft graph of degree k for all ¢; € Aqsp, then Gagsp(A, V) is a k - regular AQSP fuzzy
soft graph.

v,(0.7,-0.8,0.2,-0.3)

(0.7,-08,02,-0.3) (06,-0.7,0.1,-02)

(08,-08,03,-0.3) v, v, (08, 09,03,-04)

(06,-0.7,0.1, -0.2) (0.7,-0.8,02,-0.3)
v3(0.7,-08,02,-03)

Figure 2: Gqsp(A, V) - Corresponding to the parameter e

v,(08,-07,03,-02)

(06,-06,0.1,-0.1) (0.7,-0.7,0.2, -0.2)

(08,-08,0.3,-03) vy v, (0.7,-0.9,0.2,-0.4)
{0.7,-0.7,02,-0.2)

{0.6,-0.6,0.1,-0.1)

v3(0.9,-0.9,04,-0.4)

Figure 3: G,qsp(A, V) - Corresponding to the parameter e,
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4.2. Example of an AQSP Fuzzy Soft Graph

Consider, an AQSP fuzzy soft graph, G s p(A, V), the vertex set V = (v1,v5,v3,0v4) and let

the corresponding parameters E = (eg, ep).
Here Gagsp(A, V) = ((Aagsp), (¢F,aN,0F,0N)), ((Aagsp), (4", uN, 2", 4N)) is
described by Table.3 and Table. 4 (v1,v,,v3,v4)).

4.3. Remark on Regular AQSP Fuzzy Graph

Fron Figure.2 and Figure.3 we get the result that the regular AQSP fuzzy graph which can not be
a totally regular AQSP fuzzy graph. Table 3. represents the AQSP fuzzy soft graph vertex set.

Table 3: Tabular representation of AQSP Fuzzy Soft Graph parameter vertex set.

(77 U1 U2 U3 vy

e (07,-08, (08,-09, (07,-07, (08,-08,
02-03) 03,-04) 02,-02) 03-03)

e (08,-0.7, (07,-09, (09,-09, (08, -0.8,
03-02) 02,-04) 04,-04) 03 ,-03)

Table 4: Tabular representation of AQSP Fuzzy Soft Graph parameter edge set.

(1,7) U102 V203 U304 V401

et (06,-07, (07,-08, (06,-07, (07,-08,
01-02) 02,-03) 01,-02) 02-023)

e (07,-07, (06,-06, (0.7,-07, (06,-06,
02-02) 01,-01) 02,-02) 0.1,-0.1)

Table. 4 represents the corresponding edges, (v1,v2), (v2,v3), (v3,04), (va, V1) ,
for all values of e € Asgsp-

4.4. Totally Regular AQSP Fuzzy Soft Graph

Let G* = (o, ) be a simple graph and Gsgsp(A, V) be an AQSP fuzzy soft graph of G*.
Then G4qsp(A, V) is said to be a totally regular AQSP fuzzy soft graph if R 4osp(A, V) is totally
regular fuzzy soft graph for all values of e; € A4qsp, then Gagsp(A, V) is called k totally regular
AQSP fuzzy soft graph.

Theorem 1. If G4qsp(A, V) satifies the condition of regular and totally regular AQSP fuzzy soft
graph, then we prove that ((Aagsp), (¢F,oN,pP,pN)) is a constant AQSP fuzzy soft function in
Haosp(A, V) of G* for all values of e € A4qsp-

Proof. Let Gagsp(A, V) satifies the condition of regular and totally regular AQSP fuzzy soft
graph. Then we have the degree of vertices as,
(i) degoy (a) = ki, degoy'(a) = ko, degpg (a) =ks, degpy’(a) = ky and
(i) tdegol (a) = Iy, tdegoN(a) =1, tdegpl(a) =15, tdegpl (a) = Iy.
In AQSP fuzzy subgraphs Huosp(A, V) for all values of e € Apgsp, a € V. This implies that,
degal (a) + Aagsp 0, (a) =1,
degoy (a) + Aagsp 0y (a) = by,
degp, (a) + Apgsp pe (a) =13,
dego (a) + Aagsp pN (@) = Iy € Hagsp(A, V),V e € Apgsp, a € V.
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Aagsp oy (a) =1 — ki

Augsp 0y (a) =1 — ko

Aagsp py (a) =15 — ks

Aagsp pN(a) =1y — kg € Hagsp(A, V),

Vee AAQSP/ aeV.

Hence, ((Aagsp), (F,oN,pP, ")) is a constant AQSP fuzzy soft function in

Hagsp(A, V) of G* for all values of e € Axqsp.

v,(08,-08,03,-0.3)

(0.6,-0.6,0.1,-0.1) (0.6,-0.6,0.1,-0.1)

(0.8,-0.8,0.3,-0.3) v, v, (0.7,-07,02,-0.2)

(0.6,-06,0.1,-0.1) (0.7,-0.7,0.2,-0.2)

v3(0.7,-07,02,-0.2)

Figure 4: G40sp(A, V) - Corresponding to the parameter eq

v,(08,-058,03,-03)

(0.7,-0.7,0.2,-0.2) {0.7,-0.7,0.2, -0.2)

(0.8,-0.8,03,-03) v, v;(09,-0.9,04,-04)

(0.7,-0.7,0.2, -0.2) (0.6,-06,0.1,-0.1)

v;(0.9,-09,0.4,-0.4)

Figure 5: G0sp(A, V) - Corresponding to the parameter e,

4.5. Example Totally Regular AQSP Fuzzy Soft Graph

Consider, an AQSP fuzzy soft graph, Gagsp(A, V), the vertex set V = (v1,v,v3,v4) and let
the corresponding parameters E = (eq, ¢;) is shown in the Figure.4 and Figure.5.
Here Gagsp(4, V) = ((Aagsp), (07,0N,07,0M)), ((Aagse), (1P, 1N, 27, 7))
is described Figure.6 (v1,vy,v3,v4)). Figure. 7 represents the corresponding edges,
(v1,v2), (v2,03), (v3,v4), (v4,v1) , for all values of e € Aqsp.
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Table 5: Tabular representation of AQSP Fuzzy Soft Graph parameter vertex set.

(7 U1 02 U3 vy

er (08,-08, (07,-07, (07,-07, (08,-08,
03-03) 02,-02) 02,-02) 03-03)

e (08,-0.8, (09,-09, (09,09, (08, -0.8,
03-03) 04,-04) 04,-04) 03,-03)

Table 6: Tabular representation of AQSP Fuzzy Soft Graph parameter edge set.

(1,7 0102 V203 U304 U401

e (06,-06, (07,-07, (06,-06, (06,-06,
01-01) 02,-02) 01,-01) 01,-0.1)

e (07,-07, (0.6,-0.6, (07,-07, (07,-07,
02-02) 01,-01) 02,-02) 02-02)

4.6. Example of AQSP Fuzzy Soft Graph

Consider, an AQSP fuzzy soft graph, Ggsp(A, V), the vertex set V = (v1,v2,v3,7v4) and let the

corresponding parameters E = (eq, e2).

Here Gagsp(A, V) = ((Aagse), (e7,0N,0%,pN)), ((Aagsp), (1, uN,7",N)) is described
by Table.5 and Table. 5 such as, (Ul, 02), (’02, 03), (03, ?)4), (01, 03), (T)l, ?)4), (04, Ul), (T)l, ?)1) ,
for all values of e € Aagsp.

4.7. Remark on Regular AQSP Fuzzy Soft Graph

From Theorem.5.7. we get the result if Gygsp(A, V) is a regular AQSP fuzzy soft graph and
((Aagsp), (¢f,oN,pP, pN)) is a constant AQSP fuzzy soft function, then GE&QS p(A, V) is aregular
AQSP fuzzy soft graph.

4.8. Remark on Totally Regular AQSP Fuzzy Soft Graph

From Theorem.5.7. similarly we get the result if G4osp(A, V) is a totally regular AQSP fuzzy soft
graph and ((Aagsp), (oF, N, pP,pN)) is a constant AQSP fuzzy soft function, then GSQSP(A, V)

is a totally regular AQSP fuzzy soft graph.

Theorem 2. Let Gagsp(A, V) = ((Aagsp), (¢F, N, o, 0M)), ((Aagsp), (U, ulN,+F,+N)), for all
values of e € Agsp. be an AQSP fuzzy soft graph with the vertex and edge membership and
non - membership submerging values. Then we prove that,

(D) Taca tdegc ,oop(av) (00 (@) = 25(Gagsp(A, V) +O(Gagsp(A, V)

(i) Xaea tde8G ,nsp(a,v) (0¥ (a) = 25(Gagsp(A,V)) + O(Gagsp(A,V))

(i) Ypea tdegc,oep(a,v) (02 (2) = 25(Gagsp(A, V) +O(Gagsp(4,V))

(V) Loca tdegc,pop(av) (02 (@) = 25(Gagsp(A, V) +O(Gagsp(A, V)

PrOOf' (1) tdegGAQsp(A,V) (U’f(ﬂ)) = ZEEAAQSP (ZaeV(Vf(ar b) + Uf(“)’

= ZIZGV tdegGAQsp(A,V) (o—f(a)) = ZHEV(EEEAAQSP (Eaev(yﬁj(a/ b) + O—EP(a)'
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= Taeatdegg,oop(av) (0 (a)) = 25(Gagsp(A,V)) +O0(Gagsp(A, V).
For non - membership AQSP fuzzy soft graph values are,

(i) tdegg,psp(a,v) (00 (8)) = Teenngsp (Lacy (12 (a,b) + 07 (a),

= Yaev tdegc,oop(av) (00 (a)) = Laev (Lecaosp (Lacv (e (a,b) + 07 (a),
= Yucatdegc,,epav) (02V(a)) =25(Gagsp(A,V)) + O(Gagsp(A, V).
Now, the Submerging membership values are,

(iii) tdegc ,o5p(A,v) (0¥ (a)) = L€ A osp (Zpev (72 (a,b) +F (a)),

= Yaev tdegc,oep(av) (0 (8)) = Lacv Lec Anosr (Lacv (76 (a,0) + ¢ (a),
= Yueatdegc, opav) (00 (a)) = 25(Gagsp(A, V) +O0(Gagsp(A, V).

For the Submerging non - membership values are,
(lV) tdegGAQsp(A,V) (pg\](a)) - ZEEAAQSP (EﬂEV(ryg\](a/ b) +£] (ﬂ)),
- ZﬂGV tdegGAQsp(A,V) (pé\l(a)) = ZLIEV ZEGAAQSP (Zaev('yg\l (a’ b) + p(lf\l(a))’

= Yacatdegc,,eoav) (00 (2)) =25(Gagsp(A,V)) +O(Gagsp(4, V). u

5. PROPERTIES OF REGULAR AND TOTALLY REGULAR AQSP Fuzzy Sortr GRAPH

Theorem 3. The size of the (ki,ky, k3, k4) regular AQSP fuzzy soft graph (Gaosp(A,V) on
G* = (V,E) is (i) pzﬁ/ (ii) p—kz, (iii) %7(3 and (iv) ka‘* where p = |V| and deg o (a) = ky,
deg 0, (a) = ko, deg p; (a) = ks and deg pg' (a) = ks

Proof.
(1) S(Gaqsp(A, V) = Leeagsp (Laro e (a,1))
since Gaqsp(A, V) is a kq regular AQSP fuzzy soft graph we get,
degol(a) = ki, Va €V,
Now, S(Gagsp(A, V) = Leeagsp (Lazo e (a,))

Yoy deg‘f (@)

deg (7
Zaev ZaeV
(11) S(GAQSP(A V)) ZEGAAQSP<ZLZ7£II Vflf\](a/ b))
since (Gagsp(A,V)) is a (ky, ko, k3, ky) regular AQSP fuzzy soft graph we get,
degoN(a) =ky, Va €V,
NOW/ S(GAQSP(A/ V)) = ZEEAAQSP (Eﬂ#b ]«lg\](ll, b))

N

Py 50

d
ZaEV & ZaGV
(iii) S(GAQSP(A V)) = ZeeAAQSP(Za7éb 7% (a, b))
since (Gasp(A,V)) is a k3 regular AQSP fuzzy soft graph we get,
degpl(a) = ks, Va eV,
Now, $(Gagsp(A,V)) = LecAnosp (Larn Ve (,))

deg p;'(a)
Yoev — 5

7
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d P
Yacv = g" @ Yaev %3
(iv) S(Gagsp(A, V) = Lec Anosr (Lazh Ve (a,1))
since (Gaosp(A,V)) is a kg regular AQSP fuzzy soft graph we get,
degpl(a) = kg, Ya eV,
Now, $(Gaqsp(A,V)) = Leeaposp (Larn Ve (a,))
deg pp' (a)
Lacv LN
d
ZaEV %e(u) = ZaEV %4
Hence, The size of the (ky, ky, k3, k4) regular AQSP fuzzy soft graph (Gagsp(A, V) on
G*=(V,E)is kal, kaz, pzﬁ and ka4 where p = |V| |
Theorem 4. If Gagsp(A, V) = ((Aagsp), (¢, 0%,0%,0N)), ((Aagsp), (1", N, 2", 9N))
be an regular AQSP fuzzy on G* = (0, u*) is a k-totally regular AQSP fuzzy soft graph.
Then, ZS(GAQSP(A, V) + O(GAQSP(A/ V)) = (U’Ppk, O'Npk, ')/Ppk, "prk) where,
(@p,oNp, A P Np) = |VI.
Proof. Since, Gqsp(A, V) is a k-totally regular AQSP fuzzy soft graph,
tdegGAQSP(A,V)UPa =k, tdegGAQsp(AfV)aNa = ka, tdegGAQsp(AIV)pPa =ks
and tdegGAQSP(A/V)pNa =ky,VaeV.
= degGAQSP(A,V)UPa + ZEEA O—EP(a)' degGAQsp(A,V)UNa + ZEEA Ué\](a)/
degcAQsp(A,V)PPa + Yeen Pl (a) and degcAQsp(A,V)PNﬂ + Yeenpl(a),Vaec V.

P P, _
= Laev 468G ,405p(A V)T 0+ Laev LecAygsp 0 8 = Laevs
N N, _
ZaevdegGAQSP(A,V)U a"’ZaeV ZEEAAQSPU a= ZIZEV‘

For submerging AQSP fuzzy soft graph values are,

Yacv degGAQSP(A,V)PPa +Yaev ):eeAAQsp PP‘Z = Yaev,
Yaev degGAQgp(A,V)PNa + Yaev XecApgsp oNa=Y,ey.
= tdegGAQSP(A,V)aPa =k, tdegGAQSP(A,V)UNa =k,
tdegGAQSP(A,V)pPa = k3 and tdegGAQSP(A,V)pNa =ky,VacV.
Hence, 25(G4 v (AQSP) + O(Ga v (AQSP)) = (¢ pk, N pk, v* pk, 4N pk).
[ ]

Theorem 5. If (Gagsp(A,V)) = ((Aagsp), (¢,cN,p%,0N)), ((Aagsp), (u”, pN, 7", 7N)) e
an AQSP fuzzy soft graph on G* = (¢*,u*) is a k-regular AQSP fuzzy soft graph.Then
{1)O(Gagsp(A,V)) =n(ly — k1), (i))O(Gagsp(A,V)) =n(la —ka),

(iii) O(Gagsp(A, V))=n(l3 — k3) and (iv) O(Gagsp(A,V)) = n(ly — k) where n = |V|.

Proof. Since (Gagsp(A,V)) is an k-regular AQSP fuzzy soft graph, then we have
degGAQSP(A/V)O-Pa =k, degGAQSP(AIV)UNa = ka, degGAQsp(A/V)pPLZ = ks and

degGAQSP(A/V)pNa = ky4,Va € V. Here, (Gagsp(A,V)) is totally regular
AQSP fuzzy soft graph, then we consider,

tdegGAQSP(A,V)UPa =1, tdegGAQSP(A,V)UNa =1, tdegGAQSP(A,V)pPa =13
and tdegGAQSP(A,V)pNa = Iy, Va € V. Now we have,

Yaca tdegcAQsp(A,v)UP” =oP pky,

Laca tdegc ,opo(a vy a = o™ pky,

Yaca tdegc ,osn(avyp’a = p¥ pks,

Yaca tdegGAQSP(A,V)(fNa =N pky.

(i) The AQSP fuzzy soft graph membership value is,

= Yaev h = Laev 468G, 06p(4,v)0 0 + O(Gagsp(4, V)

= Yaevh = Laevki + O(Gagsp(A, V)

247



Anthoni Amali A, ] . Jesintha Rosline RT&A, No 1 (77)
REGULARITY OF AQSP FUZZY SOFT GRAPH Volume 19, March 2024

= nly = nky +O(Gagsp(A,V))

= O(Gagsp(4,V)) = nky —nly

— O(Gagsp(A,V)) =n(ky —h)

O(Gagsp(A,V)) = n(ly —ki).

(ii) The AQSP fuzzy soft graph non-membership value is,
= Yaevl = Yaev degGAQSP(A,V)‘TNa +O(Gagsr(A,V))
= Yaev 2 = Yaev k2 + O(Gagsp(4,V))

= nly = nky + O(GAQSP(A, V))

= O(Gagsp(4,V)) = nky —nly

= O(Gagsp(4,V)) =n(ky — )

O(Gagsp(A,V)) = n(ly —kz).

(iii) The AQSP fuzzy soft graph submerrging membership value is,
= Yaev 13 = Laev 4686 ,5p(av)P 1 + O(Gagsp(4,V))
— Yaev s = Laev ks + O(Gagsp(A,V))

— i’ll3 = i’lk3 + O(GAQSP(A/ V))

= O(Gagsp(A,V)) = nks —nl;

— O(Gagsp(A,V)) = n(ks —I3)

O(Gagsp(A,V)) = n(l3 —ks).

(iv) The AQSP fuzzy soft graph submerrging non- -membership value is,
= Yaev s = Laev 4686 ,5p(a,v)P 8 + O(Gagsp(4, V)
= Yaev s = Laev ks + O(Gagsp(4,V))

— 1’113 = le3 + O(GAQSP(A/ V))

= O(Gagsp(4,V)) = nks —nls

— O(GAQSP(A V)) =n(ks —I3)

O(Gagsp(A,V)) = n(l3 — k3). Hence the result.

6. PERFECTLY REGULAR AQSP FUZZY SOFT GRAPH
Let Gagsp(A, V) be an AQSP fuzzy soft graph on V. Then G40sp(A, V) is called as
perfectly regular AQSP fuzzy soft graph if Gagsp(A, V) = ((Aagsp), (¢F, oV, pf,pN)),
((Aagsp), (uP, uN, 4P, oN)) is a regular and totally regular AQSP fuzzy soft graph Ve; € Aaqsp.

Table 7: Tabular representation of AQSP Fuzzy Soft Graph parameter vertex set.

(7 U1 &) U3 Uy

e (08,-08, (08,-08 (08,-08, (08,-08,
03-03) 03-03) 03-03) 03-03)

e (09,-09, (09,-09, (09,-09, (09,-09,
04-04) 04-04) 04-04) 04-04)

Table 7. represent the AQSP Fuzzy Soft Graph corresponding parameteric vertex set

Table 8: Tabular representation of AQSP Fuzzy Soft Graph parameter edge set.

(#,7) U102 0203 U304 U401

e (07,-07, (07,-07, (07,-07, (07,-07,
02,-02) 02,-02) 02,-02) 02-02)

e (08,-0.7, (08,-07, (08,-07, (08, -07,
03-02)  03,-02) 03,-02) 03-02)

Table 8. explains the AQSP Fuzzy Soft Graph corresponding parameteric edge set
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6.1. Example of AQSP Fuzzy Soft Graph

From the Figure.8 we get the result of AQSP fuzzy soft graph with the condition, tdegg, ., (AV)
=25(Gagsp(A, V) +0(Gagsp(A,V)) :56+32 =288

where, 25(Gagsp(A, V) = 5.6 and O(Gagsp(A,V)) = 3.2, then, tdegc ., (A, V) = 8.8. Using
Figure.6 and Figure.7 we can get the same result of AQSP fuzzy soft graph.

v,(0.8,-08,03,-03)

(0.7,-0.7,0.2,-0.2) (0.7,-0.7,02,-0.2)

(0.7,-0.7,0.2, -0.2)

(07,-07,02,-0.2) v, (0.8,-0.8,03,-03)

(0.8,-0.8,0.3,-0.3) v,

(0.7,-07.02,-02) (07,-0.7,0.2,-0.2)

v;(0.8,-08,03,-0.3)

Figure 6: Perfectly reqular AQSP fuzzy soft graph Corresponding to the parameter eq

v,(09,- 08,04, -0.4)

(0.8,-0.7,0.3, - 0.2) (08,-07,03,-0.2)

(0.8,-0.7,03,-0.2) v,(09,- 09,04,-04)

(0.9,- 0.9,04,-04)v,
(0.8,-0.7,0.3,-0.2)

(0.8,-0.7,0.3,-0.2) (0.8,-0.7,03, -0.2)

v;(0.9,- 09,04, -04)

Figure 7: Perfectly reqular AQSP fuzzy soft graph Corresponding to the parameter eq

Theorem 6. For a perfectly regular AQSP fuzzy soft graph G,qsp(A, V) we have

((Aagsp), (oF,oN, pP, pN)) is a constant function.

Proof. From Theorem .4 and Theorem. 5 we prove that
P N P N

Gagsp(A, V) = ((Aagsp), (¢F,aN, 0", 0M)), ((Aagsp), (1, uN, 2P, ¥N)) is perfectly
regular AQSP fuzzy soft graph. |

Theorem 7. Let G4osp(A, V) be an AQSP fuzzy soft graph. Then we prove that Gosp(A, V) is
perfectly regular AQSP fuzzy soft graph if and only if the given conditions are satisfied for edges
and vertices with membership values.

(i) Ly e () = Loy e (2,Y)

(i) Lyt (X, Y) = Loy o' (2,Y)

(iif) Zx;éy ’)’5(3(/ y) = Zz;éy 'Yflzj(zl ]/)

(iv) Zx;éy Ve (x }/) Zz#y Ve (Zry) er]/ eV,e € AAQSP'

(V) 07 (x) = (), VI)U()—%N(Z)

(vii) pE () = pE(2), (vi) N (x) = (=), Y,y € V. &5 € Angsp.

Proof. Consider, G4qsp(A,V) is perfectly regular AQSP fuzzy soft graph. By definition
Gagsp(A,V) is regular AQSP fuzzy soft graph, hence it trivially satifies (i), (ii), (iii) and (iv).
Therfore we have the following,
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degGAQSP(A )Up(x) = degGAQsp(A,V)UP(Z)/
degGAQsp( UN(x) = degGAQsp(A,V)UN(Z)/
degcAQSP( V)P ( ) = degGAQSP(A,V)PP(Z)/

4egG osp(4,V)P N(x) = 4e8G 105p(A,V)P N(z),Vx,z € V,e; € Apgsp.
Thus 1mp11es the results by proposition 8.2.in the following,

Zx;éy He (x y) Zz;éy He (Z ]/)

Yty MY (%, y) = Loy i (2,y)

Zx;éy ’)’g(x/ y) = Zz;éy 75(213/)

Yty Ve (X,Y) = Lozy 70 (2,y) Yx,y €V, e € Apgsp.

by Theorem.6, (v), (vi), (vii) and (viii) also holds.

Conversely, suppose that G4osp(A, V) is an AQSP fuzzy soft graph such that it satisfies the
conditions from (i) (ii), (iii) and (iv).

V)T of(x) = degGAQSP(A,V)‘TP(Z) =T,
)UN() degcAQsp(A,V)UN(Z)Jz

degcAQSP(A V)P P(x) = degc ,p(av)P” (2),73

degG ,psp(av)P" (X) = degGAQSP(A )N (2) = 1, Vx,2 € V, e € Aagsp-

This implies that G4osp(A, V) is a regular AQSP fuzzy soft graph.

From, (v), (vi), (vii) and (viii) we get the result,

V) 07 (x) = 07’ (2) = k1,

(vi) oY (x) = 00V (z) = ko

(vi) 1 () = pL(z) =,

(viii) pN (x) = pN(z) = ks, Vx,z € V,e; € Asgsp -

Thus, ((Aagsp), (o, N, pF,pN)) is a constant AQSP fuzzy soft function.

tdeg G, 5n(Av)0" (2) = de8G ,0p(av)0” (2) + 07 (2) =11+ Ky,

tdegc ,osp(Av)0" (W) = degc ,op(av)0" (W) + 0 (w) = r1 +ky,

tdeg G, osp(A V)0 (2) = de8G ,oep(av)0 (2) + 0N (2) = 12 + ko,

tdeg G, osp(A V)0 (W) = degc ,oop(a )T (W) + oN (w) =12 + ks,

tdeg G 4 05p(A,V)P oP(z) = degGAQsp(A,v)PP(Z) +pP(z) = r3+ ks,

tdegG 4 osp(4,V)P " (w) = degGAQSP(A,V)pP(w) +pP(w) =r3+ ks,

tdeg G ,osp(4, V)PN(Z) degGAQgp(A,V)PN(Z) +0N(z) =14+ ky,

tdeg G ,osp(4,V)P oN(w) = degGAQsp(A,V)PN(w) + pN(w) =14 + kg, Vx,2 € V,0; € Augsp.

The toally regular AQSP fuzzy soft graph is,

tdeg G yo5p (4 v)0" (2) = tdegc 50410 " (W) = ki,

tdeg G o504 V)0 (2) = tdegG ,6p(av) 0 (W) = ko,

tdeg G ,osp(av)P" (2) = tdegc ,on(av)p” (W) = k3,

tdegc ,osp(a V)P (2) = tdegc, oo (a )P (w). = ky V2,2 € V,e; € Ayqsp-

Hence G4qsp(A, V) is toally regular AQSP fuzzy soft graph This implies that
Gagsp(A, V) = ((Aagsp), (F,aN,p", PN ), ((Aagsp), (uF, uN,+F,4N)) is perfectly regular
AQSP fuzzy soft graph and ((Aagsp), (¢F,c™, 0", pN)) is a constant function. therefore,
tdegGAQSP(A,V)pP(z) = tdegGAQSP(A,V)pP(w) = ky, ko, k3, and kg, Vx,z € V,e; € Apgsp.

(z
"(
N

(
N

7. AprprLICATION OF AQSP Fuzzy Sorr GRAPH

AQSP fuzzy soft graph can be used in the governing of women safety police network (WSPN) of a
city or a district or any Non safety area region. The WSPN can be utilized using AQSP fuzzy soft
graph, where the police vehicle depots are the vertices (v1,vp,v3,...v,;) and the route connecting
two police vehicles are considered as corresponding edges.
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For women safety police inspectors are positioned and the objective of the Governing problem
is to find the minimum number of women inspectors required who will inspect the police vehicle
for a particular time and particular bus stop or any region. The following description of AQSP
fuzzy soft graph will help to find the solution of Patrolling of Police vehicle Network.

7.1.

1.

Method of AQSP Fuzzy Soft Graph Women Safety Police Vehicle Network

Let V = (v1,0p,03...v;) be the vertices of AQSP fuzzy soft graph police vehicle depots
in a particular women safety vehicle network corresponding to the women Institutions,
Companies, Colleges and Working places especially in bus stops.

. We consider the edges as women working regions E = (v1v, 0103, 0204, ...0m 0y ). The vertices

membership and non-membership values of the police vehicle V; is determine as
Vi e AAQSP fOT i=1,2,..n

. Now, define a term safety of women work is satisfied, which is the minimum number of

women saved from particular people who distubs them while they stay or travel or work in
different places.It is denoted as S vertices.The vehicle route is denoted by edges R = v;v; in
Alternate quadra submerging polar fuzzy soft graph.

. Find the membership values of the women safety vehicle route v;v; between the range [-1,1]

using AQSP fuzzy graph soft graph with the given conditions if
(i) S > R,for AQSP membership values (ii) S < R,for AQSP non-membership values.

C@u(ny) <o ()N (Y),  b) e (xny) = 0 (x) Ve (y),

@1 (xy) <pd () ApE(y), (AN (xy) > pN(x) Vel (y), foralle € Aygsp and
for all values of x,y =1,2,3, ..., n.

. Let the capacity of five women police vehicle depots as vertices v; = 4,vp = 3,v1 = 5,04 =4,,

number of women exist in the spot facing dangerous situation denoted as edges, v{,v, = 55
, 02,03 = 95, v3,0v4 = 100 , vg4,v1 =92 are tabulated below.

. The score values are measured by the AQSP score formula which gives the result of low

and high self-esteem influential person, 1 (llp Yol — ZLN Yo
d d

Table 9: Tabular representation of AQSP Fuzzy Soft Graph parameter vertex set.

(o,p) v 02 U3 4

e (06,-08, (07,-07, (08,-09, (06, -009,
01-03) 02,-02) 03,-04) 0.1,-04)

e (07,-09, (08,-0.6, (09,-0.8, (0.8,-0.8,
02-04) 03,-01) 04,-03) 03-03)

Score 0.500 0.900 0.925 0.900

The score values of the women needed safety in different spots are given with membership
and non membership values of the edges are v;,v, = 0.550 , vp,v3 = 0.950, v3,v4 = 1.000 ,
v4,01 = 0.925. The police vehicle v3 = 3 is the important vehicle to be in the spot v3,v4 = 1.000
where women in that area need safety. The bar diagram given below shows the result.
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Table 10: Tabular representation of AQSP Fuzzy Soft Graph parameter edge set.

({7200) U102 V203 U304 0401

el (07,-07, (07,-07, (1.0,-07, (07,-07,
02,-02) 02,-02) 05,-02) 02,-02)

e (08,-07, (08,-07, (09,-10, (0.8, -0.7,
03,-02) 03,-02) 04,-05) 03,-02)

Score 0.550 0.950 1.000 0.925

8. CoNCLUSION

The Alternate Quadra Submerging Polar (AQSP) fuzzy graph is introduced with the basic per-
ception of Fuzzy soft graphs. In this article, we introduce the new module AQSP fuzzy soft
graphs with suitable definitions, theorems, examples, and properties. The membership and
non-membership values of AQSP fuzzy soft graph is introduced with submerging level of confi-
dence [-0.5,0.5]. The introduction of this new module AQSP fuzzy soft graph is an indispensable
concept that can be rather developed into interdisciplinary subjects. The main purpose of this
new graph is to find the reliable corresponding parametric membership values. The regular,
totally regular, and perfectly regular AQSP fuzzy soft graph combinatoric concepts and properties
can be applied in Combinatoric subjects, Applied Mathematics, Statistics, Probability, Artificial
intelligence, Approximate reasoning, Teaching learning projects and Mathematical psychology.
Different types of AQSP fuzzy soft graphs and the Network method of Governing the women
safety vehicle in different spots are presented specifically. Finding the important police vehicle,
connected routes and spots are the extent of the AQSP fuzzy soft graph. In future the extension of
the AQSP fuzzy soft graph can be developed in Decision making analysis, medical diagnosis, and
machine learning. The regularity of AQSP fuzzy soft sets and graphs are applicable in real life
situations which are uncertain. The combinatoric membership and non-membership submerging
values can be found using corresponding parameters in different fuzzy fields.
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