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In this work, we introduce a new type of topology associated to directed
graph on vertices set, which is named as non-adjacency incompatible
vertices topology (NIV-topology) of directed graph. A sub-basis family of
this topology is generated on the set of vertices, and formed via taking the
non-adjacency vertices which arises (path of length two) in different
direction to each vertex. We investigate some properties and discuss it on
an important and certain types of directed graphs. Our motivation is to
giving fundamental steps toward investigation of various properties of
directed graphs via their corresponding non-adjacency incompatible
vertices topology. Some results are obtained, the presence of the isolated
vertex is not necessary in our definition, observations about the
specification of this new topology with certain types of digraphs (which
type of digraphs achieves the discrete non-adjacency incompatible
vertices topology and which does not, and when it achieves T; and T,-
space). Furthermore, application (applied example in biomathematics) to

the Pulmonary circulation in humans is introduced in this paper.
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1. Introduction

Numerous applications have utilized the relationship
between topology and graph to generate many new
types of topologies generated by graph, because of the
importance of topological graph theory as it is part of
graph theory that has a great role and illustrious
history in mathematics [1-4]. On the basis of vertices
or edges, some topological models are developed or
based. In the directed and undirected graphs, for
locally finite which does not have isolated vertex was
started using a graphic topology by [5] in 2013. In
2018, Kilicman and Abdulkalek [6] defined the
compatible edges topology, such that a sub-base
family on the edge set of directed graphs as a
collection of sets of adjacent edges with each edge and
construct a path of length two. In 2022, Asmhan and
Zainab, present the independent compatible edges
topology [7], the outlined it as the topology linked to
the set E of edges via a not adjacent edges which
construct a path of length three. In 2022, Asmhan
and Iman related an independent incompatible
Edges topology based on di—graphs with some

applications [8]. Section 2 in this work involves main
definitions of topologies and graphs. In the section 3,
the definition of a non-adjacency incompatible
vertices topology (NIV —topology) associated with
digraph and some examples on a basic digraph are
presented. In section 4, a biomathematical
application of the non-adjacency incompatible
vertices topological space (NIV —topological space), in
human greater circulation is viewed. In the last
section the conclusion of our new topology is
presented with some future work.

2. Preliminaries

Basic definitions and introductions to graph theory
and topological space are covered in this section.
These ideas are all commonly used and can be found
in [1]. Usually the di-graph is as Gy = (V,E), where V
represents the set of vertices and E represents the set
of directed edges, an edge of the form o = (¥,%) is
loop. Parallel edges are those with the identical end
vertices. If a graph contains no parallel edges or loop,
it 1s considered simple. If the vertex ¥ and u are
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connected by edge then they are adjacent. All of these
ideas are well-known and are available in books
mentioned above. We use the symbols K,, for the
complete graph with n vertices and C, is cycle graph
on n vertices and P,, is path on n vertices and K, »,
is a whole bipartite graph of size partite n; and n,.

A topology T is a family of subsets that are open to
the non—empty set X if the following conditions are
hold: X, €T for every HMEeT,HNMET
and U;e, H; €T for every sub-sets H; of T, then (X, T)
is called a topological space, an open set is sub—set of
T. Indiscrete topology is defined as T = {@, X} on X,
while discrete topology is defined as T = P(X) on X.
3. The Non-Adjacency Incompatible Vertices

Topological Space

This section includes the definition of a non—
adjacency incompatible vertices topological space
(NIV —topological space) associated with di—graph
and some examples on a basic di-graph.

Definition 3.1.

Let Gy = (V,E) be any directed graph. The non-—
adjacency incompatible vertices topology (NIV -
topology) is a topology that relates to the set V of
vertices for Gy, and brought on by sub—basis Sy,
whose components are the sets @ SV, |® | < 2; if
¥ € Wand the vertex w'is non—adjacent with vertex
%, such that ¥ and w connected by path of length two
in the different direction then w € (). The set of
vertices with Ty, 1nitiate the topological space
(V, Twiv) which called non-adjacency incompatible
vertices topological space (NIV —topological space).

Example 3.2.
Consider the digraph Gy = (V,E) see Figure 1, such
that:

V(Ge) = {vll VZ’ VS’! V4, VS};

E(GQ) = { 0-1' 0-2 ] 03, 04, 0'5}.
Taiv has a sub-basiss

Sniv = { 82,94 3, (83}, {95,943

Then by using finite intersection, the following base
By 1s produced:

{{v2,%2 1, 83}, (85,913, 9.

o
Vs

Figure 1. Di- graph with different direction.

Then, utilizing each union, generate a non-
adjacency incompatible vertices topology Ty, as the
following:

Ty = {0, V, {82, 94 }, {03}, {05, 91}, (83, %2, ¥4}, {93, 95,913,
{v2, ¥4, V5, %11}
Clearly, it is not discrete topology.

Remark 3.3

1. The topology Ty on di-graph star S,, represents
a discrete topology.

2. The topology Ty;y on every directed tree
represents a discrete topology.

3. The topology Ty, on complete di-graph K, is
discrete topology.

Remark 3.4

1. The topology Ty, on any di-graph C,, does not
represent a discrete topology.

2. The topology Ty;y on any directed path P,, does
not represent a discrete topology.

The following examples illustrate the remarks

above.

Example 3.5. Consider the digraph Gy = (V,E) in
Figure 2 such that:

V(GQ) = {VlfVZ:V3:V4:VSJV6}J E(GG) = {01102 v0—310-410-5}'
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Figure 2. A Star di-graph Ss with different
directed edges.

Tyiv has a sub-basis;

Sviv = {81} {02, %6} (93, 2} (94, 3}, (90, 95}, (%5, 9633

Then by using finite intersection, the following base
By 1s produced:

{{{11}' {VZ }! {V3 }! {Vll»}v {VS}v {VG}' {VZ' {,6}1 {V3, V2 }l {Vll-! V3}!
{’Vzh VS}' {{’5' {76} ) g}

Then, utilizing each union, generate a topology Tuv
as the following:

Tv

= {@, V, {{’1}' {VZ }' {VS} ) {V4}' {VS}' {VG}l {}Vlv V2 }v {V3, Vl}l
{VG’ V4}' {{’5' {’3}' {VG' V3 }' {V4' {’2}' {{’5' Vl}l {}Vlv V4}v

{02,933 {02,953, (82, %6}, {03, ¥4}, {01,963, {94, %5}, {¥5, V6 ),
A1 Y2, Y6} (6, ¥4, 01, s, 83, 81}, (06, 93,913, {82, 84,91 3,
{03, 92,91}, (86, ¥4, V21, {¥5, 93,92}, {¥6, 93,923, {85, %72, 91 },
{VG' V4' {’3}' {{’3' V4' {’2 }' {{’3' V4' VI}' {VS' V4' V3 }l {VSv V4v Vl}l
{Vﬁ' V4' VS}I {VSI V4' VZ }' {Vﬁl VSI VS }' {Vﬁv VS: V1}r

03,1, %6, Va) (81, %3, %4, %23, {¥6, ¥4, ¥5, V33,

V6, V4, V5, %1}, { V5,91, %3, %23, {1, 2, ¥4, ¥5}

A1 V2,86, 93} (01,82, %5, V6, (93,91, V4, ¥ 1,

{03, 91,95, Y6}, (82,973, 94, V63, {02, ¥4, ¥5, 976}

395,92, Ve (82,81, ¥4, 86 (91,972, 903, 90, V53,

{VZ' VS' V4,, VS' VG}' {VS' ’V4, VS' Vﬁl V1}, {V4—' VS' VG' le VZ}
A5 %6, 91,92, ¥3}, V6, Y1, V2, V3, 943

Clearly, Ty;v 1s a discrete topology.

Example 3.6.

Consider the digraph Gy = (V,E) be a tree, show in
Figure 3 s. t.: V(Gg) = (¥1,%2,¥3,¥4, Vs, %6, ¥7) E(Gy) =
{ 01,0, ,03,04,05,06}.

(‘"j,:

Figure 3. A tree directed graph.
Taivhas a sub-basis;

SNIV = { {Vl; 'V3}, {Vz, V4-}' {Vs}, {VZ ’ V7}' {VG}}'

Then, via finite intersection, the following base
Buivis produced:

{{Vly V3}1 {Vz, V4}, {VS}: {VZ ) V7}! {VG} 4 {VZ }! g}

Then, utilizing each union, generate a topology Ty
as the following:

TNIV

= {0V, {2}, (s} (v} (1, 3}, {2, %0}, {82,973, {95, %6},
{VS, VZ}) {VGJ V2}1 {Vll ’V3, VS}J {Vl, V3' VZ}! {Vlﬁ V3' V6}'
{VZI V4.; V5}1 {VZI V4.; Ve}; {VZI VSI V7}) {VZ! VG' V7}'
’ {V1; V3' VS) VZ}J {Vl; V3' VZJ V6}t {Ve, V‘l—! VS! V2}'
{ V51 VZJ V7' V6}l {Vll VZJ V4' V3' VS}J {Vl! V3' {74—! VZ! VG}'
{81, 92,94, V3, %6}, {81, V3, %2, V7, %5}, {81, ¥3, %7, V2, %6},
{81, V2, V3,94, %5, 6}, {7, %2, ¥3,%4, V5, Ve },
(7,81, ¥3, %4, Y5, ¥}, {7, 1,2, ¥4, Vs, V6,
{V7' Vl! VZ' VS' VS’ VG}' {V7' Vl! VZ’ V3' V4—r V6}r
{le VZ’ V3' V4—' VS’ V7}}

Clearly, it is not discrete topology.
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Example 8.7, Consider Gy = (V,E) be a complete di-
graphK,, show in Figure 4, such that:
V(Gg) = {¥1,%2,¥3, ¥4}
'A\Efi W/

——

——-

%294 "?j'g

Figure 4. A complete di-graph K,.

Taiv has a sub-basis

Sniv = {{V1 L) (s}, {V4}}-

Then via using finite intersection, the following base
Bniv 18 produced:

{g' {Vl}' {VZ}' {VS}' {}Vzl-}}'

Then, utilizing each unions generate a topology Ty,
as the following:

TNI
=10,V (013, (020, (030, (00, (01,03}, (01,92, (62,03,

{Vl ) V4}' {VZ ’ {’4—}' {{/3 ) {/4—}' {{11 ) {/3' V4}' {Vl ) VZJ V3 }'
{Vl ) VZ' {’4— }' {{’2 ) {/3 ) {/4—} }

Clearly, a discrete topology.

Example 3.8. Consider the di-graph G, = (V,E)in
Figure 5 such that:

V(Go)={ v1,%2,¥3,%4} , E(Gp) = { 01,0, ,03,0,}.

Figure 5. A Di-graph C,.

Tniv has a sub-basis;

Sniv = {{Vl}’ w3} {2, V4}}-

Then by using finite intersection, the following base
Bniv is produced

{01}, {93}, {82,943, 9}

Then, utilizing each union generate a topology Ty
as the following:

Ty = {8V, {81}, {03}, (92, ¥} (81,93}, (31, ¥4, %23,
{V3' V4' V2}}

It is clear that, the topology Ty;y does not represent
a discrete topology.

Example 3.9. Consider the digraph G, = (V,E)be
directed path Pg as shown in Figure 6; such that:

V(Ge) = {01, V2, ¥3, ¥, U5, Vs ), E(GG) =
{ 01,0, ,03,04,05}.

v

Figure 6. A directed path Pg.

Tniv has a sub-basis;
SNIV = { {Vl}' {VZ' V4}: {V3}: {V4.; V(,}, {Vs}}.

Then by using finite intersection, the following base
By 1s produced:

{{Vl}; {V3 }; {V4}, {VS}J {VZI V‘l-}' {Vll—! VG} ’ @}

Then, utilizing each union, generate a topology Ty
as the following:

TNIV

= {V’ Q' {Vl}' {V3}' {V4—}' {Vs}' {VZﬂ V4}, {V4! V6} ) {Vli VS}:
{Vll V4,}, {Vlﬂ Vs}, {V4' V3}' {V4—! VS}’ {V3! VS}! {Vp VZ! V4}
A1 Y4, Y6} (01, 93,943, {81, ¥4, Vs ) {01,905, 953,

{V3, VZ’ V4}' {V3' V4—’ VG}’ {VS' V4—' VZ}’ {VS! V4! V6}

2,84, Y6} (82, V4, 1,933 {82,904, %1, Vs ), {04, V6, 1,933
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{04, %6, %1, 95}, (¥4, V6, ¥3, Y5}, {01, %3, ¥4, U5},

{V1, VS' ’V4_, Vg}, {V3, ]V4-' VS}' {VI' VZ' ]VS' V4—' V5}

’ {VZJ V3, V4, VSI vﬁ}' {V3, ]V4-' ]VS' vﬁ' vl}' {V4, v5' VG! vlv Vz};
{VS' Vﬁ' Vll Vz, v3}' {]VB' ’Vl, VZ' ]VS' ’V4_}}.

It is clear that not discrete.

Proposition 3.10. The topological space (V, Tyn) is
T, — space if and only if Ty;y is discrete topology.

Proof. Directly via the proposition (Any topological
space (X,T) is represent T, —space if and only if
T=PX). =

Proposition 3.11. Let Gy = (V,E)be any directed
graph, Ty be a discrete on Gy, afterwards (V, Tyy)
is T, — space < (V, Tyy) 1s T, — space.

Proof. =) Intelligible.

&) Assume (V,Tyw) is Ty — space, then (V, Tyw) is
discrete (using Proposition 3.7).

This impliesV & € V,{¢} € Tyyy. SoV¥,wEV,s.t. v #
w, 3{E&}L{w} € Tviw st. w € {w}and ¥ € {¥} and {w} n
{*} = 0. Hence (V, Tyw) is T, — space. &

4. Applied Example of the Non-Adjacency
Incompatible Vertices Topological Space

This section deals with the biomathematical
application of the non-adjacency incompatible
vertices topological space (applied example of the

Tav in pulmonary circulation in humans).

4.1. Ty in the human pulmonary circulation

The microcirculatory system is part or section of the
circulatory system, it includes the cardiovascular
system. The small circulation includes a blood vessels
that carry on deoxygenated blood from the heart
arrives to the lungs, and then return oxygenated
blood again to the heart through the ventricle. This
is contrary to what occurs in the major circulation.
Deoxygenated blood departs the right part (right
ventricle) of the heart durring the pulmonary
arteries, which takes blood to the lungs, where red
blood cells free carbon dioxide and combine with
oxygen through breathing. The oxygenated blood
departs the lungs during the pulmonary veins, which
drain into the left part, or what is called the left
atrium, of the heart, thus completing the small
(pulmonary) blood circulation [9].

Pulmonary circulation

Superior Aorta

vena cava

Pulmonary

artery - Pulmonary

veins

Inferior Heart

vena cava

Figure 7. The pulmonary circulation in humans.

Blood that has lost oxygen enters the heart, passes
through the lungs, and then returns to the heart.
Here, it passes from the right atrium to the right
ventricle via tricuspid vale, The right ventricle then
will pump the fluid to the main pulmonary artery via
the pulmonary valve, which 1s the right
atrioventricular valve.

4.2. Lungs {¥3,95}

Deoxygenated blood is transported by the pulmonary
arteries to the lungs, where breathing causes the
release of carbon dioxide and the inhalation of
oxygen. The capillaries that are formed from the
arteries have extremely thin walls. The heart’s left
atrium takes the oxygenated blood back from
pulmonary vein.

4.3. Veins {¥,}

After passing via the pulmonary veins and into left
atrium of heart, where it is pumped via the mitral
valve and into the left ventricle, oxygenated blood
departs the lungs and enters the heart left side,
completing the pulmonary circulation. After pumping
blood through the aortic valve to reach the aorta, left
ventricle distributes blood throughout the body via
the greater circulation before return it to the lesser
circulation.

4.4. Arteries {¥,}

The semilunar pulmonary valve lets blood to pass
from right ventricle to left and right main pulmonary
arteries, which then split off to form smaller
pulmonary arteries that distribute throughout the
lungs.
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4.5. Heart { v}

The right side of heart pumps the blood to the lungs,
where oxygen is added to blood and carbon dioxide is
removed. The left side of heart pumps the blood to the
rest of the body, where the tissues are supplied with
oxygen and nutrients, and waste products (like
carbon dioxide) are transported into blood for
removal via other organs (like the lungs and
kidneys), as shows in Figure 8.

Figure 8. Di-graph of the pulmonary circulation in
humans, as in Figure 7.

Tav has a sub-basis’ Sy = {{¥1}, {2}, {¥3, %5}, {v4}}
Then via finite intersection, the following base By, is
produced {@,{¥}, {¥;}, {¥3,%5}, {#4}}. Then, utilizing
each union will generate a topology Ty as the
following:

Tniv

= { ﬂ' V, {vl}' {{/2}' {{13' VS}' {V4}' {Vl' {/2}: {V1, ’V4}, {VZJ V4}:
{01, V3, 95}, {82, %3, 95}, (¥4, V3, s}, {81, V2, ¥4},

{V2, V4, %3, 95}, {1, 2,93, V53, {¥1, ¥4, 3, 95}

Then, Ty Is not discrete topology in the di-graph of
the pulmonary circulation in humans.

5. Conclusions

We present a definition of new topology on directed
graph, which is said to be the non-adjacency
incompatible vertices topological space (.e. NIV
topological space) on the set of vertices, we also show
a few of the properties of this topology in some of
remarks and examples of basic di-graph types. Some

results are obtained, such as existing of the isolated
vertex is not necessary in our definition, also
observations about the specification of this new type
(which types of di-graphs achieves the discrete non-
adjacency incompatible vertices topology and which
does not and consequently which achieves T; and T,-
space). We also refer to a useful applied example of
non-adjacency incompatible vertices topological
space which is not a discrete topology in the di-graph
of the pulmonary circulation in humans. And we
think in the future we can possibility studying
another properties, preliminary results and
separation axioms of this new topology.
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