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Abstract :- In this work, incidence and non-incidence relations are used to create a new type of soft
topology on soft graphs. Every edge in the graph is used as a parameter, and ordered pairs are used to
build soft sets. The first part of an ordered pair is the edge, and the second part is the point that is
connected to the edge. The sub-base, base, and soft topologies are explained, and then properties,
theorems, and a full example are given to show how they work. This method gives a combinatorial
structure encoding and makes it possible to do new kinds of study in soft topological spaces.
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I. INTRODUCTION

The study of graphs, which are combinatorial
structures made up of vertices and edges that
represent pairwise relationships between discrete
objects, is the primary focus of graph theory. As a
cornerstone of discrete mathematics, graphs are
instrumental in modeling various relational datasets.
Leonhard Euler, a Swiss mathematician, is credited
with laying the groundwork for graph theory in the
18th century with his analysis of the well-known
Konigsberg Bridge Problem.

In order to tackle issues involving uncertainty, D.
Molodtsov presented the theory of soft sets in 1999
[1] as a new mathematical framework. With its
efficient use of parameterization—a trait that fuzzy
set theory mostly lacks—soft set theory offers greater
flexibility than more conventional methods like fuzzy
set theory and probability theory.

This parameterization makes it possible for soft sets
to manage uncertainty in a broader way. P.K. Maji,
A.R. Roy, and R. Biswas are among the researchers
who have expanded Molodtsov's original framework
and effectively applied it to decision-making
problems [2], [3].

The notion of soft graphs was introduced by Rajesh
K. Thumbakara and Bobin George in 2014, offering a
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parameterized interpretation of common graph
structures [4]. They also introduced additional
concepts such as soft trees, soft subgraphs, and other
operations on soft graphs. Soft graphs were redefined
in 2015 by Muhammad Akram and Saira Nawaz,
who further elaborated on graph-theoretic concepts
such as soft bridges, soft cut vertices, and soft cycles
[5]. R.S. Jain, B.S. Reddy, and J.D. Thenge made
further contributions to the development of soft graph
theory with their, particularly with regard to linked
soft graphs, providing a deeper comprehension of the
characteristics and applications of soft graph
topologies [6], [7], [8]. Additionally, their study
looked at fundamental graph-theoretic characteristics,
such as the examination of graph invariants like
radius, diameter, and center in the setting of soft
graphs. Numerous topologies generated from graphs
are included in a large body of study, as references
[9], [10], and [11] demonstrate.

Our work presents a novel form of soft topology on
soft graphs that is based on the dual relations of non-
incidence and incidence. This new topology
demonstrates a precise and structured way to
represent  combinatorial  relationships  between
vertices and edges, paving the way for novel
applications in the study of soft graphs and decision-
making systems under uncertainty.
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Il.  PRELIMINARIES

This section introduces soft graph theory and soft
topology basic definitions and preliminaries. All of
these soft concepts are widely used and are found in
references.

Definition 2.1[12]

A simple-graph is defined as a graph that does not
have any loops or parallel edges and is represented by
the equation Y= (U, ).

Definition 2.2[4]

Let Y= (U,€) represent a simple-graph, and let A be
any non-empty set. Examine a general binary
relevance R between A and the vertices of U.
REA XU. Let F: A - P, (U) be a set-valued
function defined by F (x) = {y€ U |xRy}. The set
F, isasoft set over U.

Definition 2.3:[4], [7]

Let A represent any set that is not empty and Y= (U,
€) represent a simple-graph. Assume that the relation
from A to U is random and that RE A XU is a
subset of that relation. You can define a mapping F :
A - P,(U) by Fi) = €V [xR3} and a
mapping M A — P,(€) by NfG) ={or€
€/{0,¢} = F (o)}

A 4-tuple Y= (Y, FF, I1F, A) is named a soft graph of
Y if it has these features:

i.  Y=(U, €)isasimple graph.
ii. A is a set of parameters and A = @.
iii.  FLisasoftset over U.

iv. 1" is a soft set over G.
v. (FY(w), Nf(w)) is a subgraph of Y for all
wE A.

The symbol §(W) represents the set of all soft graph
of Y.

Definition 2.4:[1]

Let X, represent a universal set and X a collection of
parameters. Define P, (X, )as the power set of X,
with A being a non-empty subset of €. A soft set,
denoted as F', , is a pair where F' is a function FT:
A— P,(X,). In essence, a soft set over X, is a
parameterized collection of subsets of X,. For
eachd € A, F1(d) represents the set of elements
approximately corresponding to the parameter 8.
Importantly, a soft set is distinct from a conventional
set.
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Definition 2.5: [12]

Let Y= (U,€) represent a simple-graph, where U is
the set of vertices and € is the set of edges. An edge
e? = {u?v?}e € is said to be incident with the
vertices «? and v#. Conversely, a vertex v¢ € U is
incident with an edge e? € € if v% is one of the
endpoints of e#. The relation between vertices and
edges defined in this way is called the incidence
relation of the graph.

Definition 2.6: [12]

Let Y= (U,€) represent a simple-graph, where U is
the set of vertices and € is the set of edges are said to
be in a state of non-incidence if «+# is not an endpoint
of e?.

I1l. Incidence and Non-incidence Soft

Topology
Definition 3.1:

Let W=(Y, I, 1f, ) represent a soft graph, where

Y is a set of parameters. The soft topology is
constructed using incidence and non-incidence
relations and named as Incidence and Non-incidence
Soft Topology it is written simply IV — §7, denoted
by 37, (¥). The soft sub-base consists of these sets
IN — 8¢ denoted by (355:), whose elements are the
soft sets R and RE , where R: € — P, (V).

Remark 3.2:

It is natural to take the parameter set as the edge set,
since incidence and non-incidence relations
accurately reflect the relationships between vertices
and edges.

+ There are different types of soft graphs
based on how many vertices, edges,
connections, and general structure they have.

Example 3.3:

Let W be a path soft graph sP; with vertex set
OW) ={31, o620 o83 oS} and CW)={
e, T5°, 5} shown in the fig;(1). The parameters set
are edges set, where: -

Fig 1: path soft graph sP5



R7: € - P,(U), where is R” is incidence relation of
edges, and R": € - P,(U), where is R" is non-
incidence relation of edges.

RI(TP)= {561, 3=, {361, 3620

RI%)= {562, 363 1=T5°, {562, 563D

RI(r5%)= {563, 564 1=(T3°, {563, 584 )):

RV ()= {583 9554}:>(F15°, {583 56a1)s

RN (I5°)= {561: s&4y= (157, {561, 5841

RY(r5°)= {5é1 ggfz}:>(rsoy {661, 3621

Re = {7, {51, 361, ([, {562, 633, (157, {33,
oSa})}-

Ré\/ = {(Fsor {gsES’ 9554})1 (FSO’ {ggfll 9564})1 (FSO! {gsfll
21}

The sub base for 37, (W) is: -

1Sy ={ R, RY}.

After taking finitely intersection, base is produced:
I8y = { R, RE , 9}

When all unions are taken into account, 77, (W) can
be expressed as:

IT%(¥) ={ 0,3, R, RE }-

Example 3. 4..

Let ¥ be a cycle soft graph sC; with vertex set
O(Y) = (561, 582 o¢3) and G(¥) =(I7", 13,13}
shown in the fig;(2). The parameters set are edges set,
where: -

Fig 2: cycle soft graph sCs

R’: € - P,(U), where is R’ is incidence relation of
edges, and R": € - P,(U), where is R" is non-
incidence relation of edges.

Re = {7 {&1 &), @ {36, 6D, @
{583, 511}

Re ={0°, {563), (5, {561, (057, {3621}

The sub base for 775 (W) is: -

ISy ={RL RY}.

After taking finitely intersection, base is produced:
I8y ={ Rg, R¢ , $}-

When all unions are taken into account, 37, (¥) can
be expressed as:

IT (W) =( 0, 3, R§, R }-
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Example 3.5:

Let W be a path soft graph sP; with vertex set
U(‘p ) = {;fll 9562! 3531 95'54, gs'SSJ 356} and
G(W) ={I°,I5°,T5°, I3°, T} shown in the fig;(3).
The parameters set are edges set, where: -

Fig 3: path soft graph sPs

R’ € - P,(U), where is R is incidence relation of
edges, and R": € - P,(V), where is R" is non-
incidence relation of edges.

Re = {7, {581, 361, (127, {562, 5633, (157, {563,
s6ad) (027, {360 5651), (157, {365, 56 1)}

RE = {0 {5 ais &) @0 {5
9554! gsfSJ 9556})! (F:;?O! gsfll 95521 QSESI 356})1 (Ffo! gsfll
gszI 353! 356})1 (FSOI {gsgll SEZ! 95531 9554-})}

The sub base for 775 (W) is: -

18y ={RL, RY}.

After taking finitely intersection, base is produced:
IBy = { Rg, R¢, 9}

When all unions are taken into account, 77;-(¥) can
be expressed as:

IT (W) =( T, 3, RL, RY}.

Example 3.6:

Let W be a complete soft graph with vertex set
O(Y) = {31, 362 363 oS4 585} and
G(W) ={r{", I3, I, T9", I, T9° 09I, 197,
s} shown in the fig;(4). The parameters set are
edges set, where: -

Iy

Fig 4: complete soft graph
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R7: € - P,(U), where is R” is incidence relation of
edges, and R": € - P,(U), where is R" is non-
incidence relation of edges.

‘.Ré = {(FSO’ {ggflv 9552})1 (FSO’ {9552! 9963})1 (FSO! {3631
oad)r (I {g€a58s}), (57, {581, ¢8sh), (I67,
{561, 6631, (7%, {561, 68ad) (67, {582, 6853), (Is°,
{582 561, (s, {563, 561}

RE = A", {360 s6as6sD) (57, {561, 56u 565D
(T3°, {610 6820 051 (T2, {61 o820 o631 (I57,
{362, ¢85 8ad)y (167, {G62, a€u osh), (177, {52
995319955})’ (Fsor {gsfl’ 95531 354})1 (FSO! {gsfll 363!
5651, (05, {561, 862, s6a D}

The sub base for 775 (W) is: -

1Sy ={ R, RY}.

After taking finitely intersection, base is produced:
I8y = { Rg, R, 3}

When all unions are taken into account, 77, (¥) can
be expressed as:

1T (¥) ={ 0, ®, Rg. R }-
Example 3.7:

Let ¥ be a bipartite soft graph with vertex set
U(lp) = {SEI! SEZI 3531 éf‘l—} and
C(W) ={Iy°,T3°,T5s°} shown in the fig;(5). The
parameters set are edges set, where: -

a$1 (Fa

Fig 5: bipartite soft graph

R’: € - P,(U), where is R’ is incidence relation of
edges, and R": € - P,(U), where is R" is non-
incidence relation of edges.

Re = {0, {580 561, (27, {581, 56D, (057, {56,
5$a})}-

Re = {7, {562 &b, [0, {362, &, (13
{s81 63}

The sub base for 775 (W) is: -

1Sy ={RL RY}.

After taking finitely intersection, base is produced:
I8y = { Rg, R, $}-
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When all unions are taken into account, J7,-(¥) can
be expressed as:

IT (W) ={ T, p, Rg, R¢ }-

Example 3.8:

Let W be a star soft graph with vertex set U(W) =
{561 362 3$3 354, 585 5561 357} and
G(W) ={I’°,Ts°,T5°, T3°, I$°, Ig°} shown in the
fig;(6). The parameters set are edges set, where: -

\;‘f 5 \;64

Fig 6: star soft graph

R’: € - P,(U), where is R’ is incidence relation of
edges, and R": € - P,(U), where is R" is non-
incidence relation of edges.

Re = @, {36, & @ {8080, @3
{Sfli 354})! (l—-fo, 351: SES})! (FSO! {351: 356})’ (FSO,
{680 oS 1}

Re= {0, {55 0 s 586 &3 (17, {562,
354! SES! SEG' 357})! (FSO! {SEZI 353! ;55! 356! 357})1
(1"50, {SEZ! 353! 354-! 356! 357})! (Fsol {;{2; 3531
354! SES! 357})! (FSO! {SEZI 353! 354' 355' 366})}

The sub base for 75 (W) is: -

ISy ={RE RY}.

After taking finitely intersection, base is produced:
I8y ={ Rg, R¢ , B}

When all unions are taken into account, 77, (¥) can
be expressed as:

ITy (W) =( T, 3, Rg, R¢ }.
Example 3.9:

Let W be a tree soft graph with vertex set U(¥) =
{;fl! 362! 3531 354' ;fS! 356! g5€7} and



W) ={Iy°, P, 13", I7°, Ts°, T¢°} shown in the
fig;(7). The parameters set are edges set, where: -

Fig 7: tree soft graph

R7: € - P,(U), where is R” is incidence relation of
edges, and R": € - P,(U), where is R" is non-
incidence relation of edges.

Re = {7, {51, 561, ([, {562, 633, (157, {362,
6} (@, {560 56)), (E°, {566,567, (T8,
e85, 6S6 D)

Ré\[: {(FSO’ {363’ 364' SSIS' 366' 9567})1 (FSO! {3611
560 85 586 5673, (T3°, {581, 563,685 666 5673, (T3,
{3621 QSES’ 364-' 366' 367})’ (FSOI {351' ;621 3531
364' 366})1 (FSo, {gsfli 3521 3531 gsflh 357})}

The sub base for 775 (W) is: -

1Sy ={RL RY}.

After taking finitely intersection, base is produced:
I8y = { Rg, R, $}-

When all unions are taken into account, 77, (W) can
be expressed as:

IT (W) ={ T, 3, R, RY}.

IV. Application Warfarin-CYP2C9-

Fluconazole Interaction

Introduction 4.1: The clinical interaction between
Warfarin, CYP2C9, and Fluconazole is a well-
documented drug—enzyme—inhibitor case.
Traditionally modeled as a simple interaction graph,
this system can be enriched by using the
incidence/non-incidence soft topology. In this
framework, incidence relations identify drug—enzyme
pairs actively involved in a reaction, while non-
incidence relations highlight the excluded entities.
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Combining both vyields a more comprehensive
pathway analysis that clarifies active clusters and
isolated nodes in the biochemical network [[13],
[14][15], [16].

\\’z@ n

Fig 8: Original Drug—Enzyme-Inhibitor
Interaction Graph.

Soft Topology Construction 4.2:

Let U = { Warfarin (5¢;), CYP2C9 (3¢;), Fluconazole
(s83) I

The parameter (edge) setis € ={ I}°,I3°, T3 }.

Fig 9: Directed conceptual pathway (I7° substrate,
Iy °inhibition, Ty° clinical outcome).

The incidence and non-incidence relations are:

RITT)= {351: észz}, RN(H 0)2{353};
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:R](Fz °)= {95521 ng}, :RN(FZ °)= {351};
Rj(rs °)= {9551» 9553}5 RN(Fs °)= {gsfz};

Re = {0, {1 36D @0 {56, 56D, 13
a8 aés D}

Re = {077, {581, (0, {5613, ([T5°, {5603

Fig 10: Soft incidence/non-incidence
representation used for soft topology construction.

The sub base for 775 (W) is: -

1Sy ={ R, RY}.

After taking finitely intersection, base is produced:
9By ={ R, R, 3}

When all unions are taken into account, 77, (¥) can

be expressed as:

9T () ={ T, 5, RE, RY}.

Comparison Between Graphs 4.3:-

Aspect

Original Graph

Soft Graph

Representation

Edges show only

Edges + explicit

direct links excluded nodes
Focus Interaction Both presence and
presence absence
What is No info on Shows non-
Missing excluded elements incidence clearly
Clinical Limited Helps identify
Relevance interpretation control points &
risks

Benefits of Using Soft Topology 4.4:-
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The use of incidence/non-incidence soft topology in
this drug—enzyme-—inhibitor interaction provides
several current and future advantages:-

 Explicit representation of both incidence and non-
incidence, reducing ambiguity.

* Clear identification of biochemical clusters through
soft open sets.

* Structured reasoning for clinical safety: non-
incidence singletons indicate precise isolation.

+ Future extensibility: dosage, timing, and genotype
can be included as parameters.

Statement of Novelty 4.5:-

To the best of our knowledge, no prior work has
modeled the Warfarin-CYP2C9-Fluconazole
interaction using an incidence/non-incidence soft
topology. While theoretical work exists on soft
topologies and incidence/non-incidence relations, and
biological networks have been studied with graphs
and machine learning applying a soft-topological
framework to this specific drug—enzyme—inhibitor
triad appears to be novel.

V. CONCLUSION

This research introduced incidence and non-incidence
soft topologies within soft set theory. By constructing
relations on soft graphs, we showed how sub-bases,
bases, and topological spaces can be derived.
Incidence soft topology reflects adjacency and
interaction, while non-incidence soft topology
captures independence and separation. Applications
to drug—protein networks highlighted their practical
value, where incidence tracks possible bindings and
non-incidence reveals non-interactions. In sum, these
dual perspectives enrich soft set theory and offer
promising tools for future studies in mathematics and
applied sciences.
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