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ABSTRACT

The relationship between graph theory and
topological space is a multifaceted one, where graph
theory can be used to represent topological spaces,
facilitating their understanding and the solution of
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associated problems in an effective manner.
Additionally, graphs can be generated from topological
spaces, opening up new avenues for research in various
~ fields. In this research, we will explore the relationship
between graph theory and topological space, and seek
to develop a theoretical framework that combines graph
topological space with graph theory, focusing on its
practical applications in various fields. The main
= objective of this paper is to present a new method for
£ developing and applying graph topological space in
various fields, including wurban planning and
neuroscience, which can contribute to improving the
quality of life in modern societies. The results obtained
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indicate that this work can contribute to a better
understanding of life models and provide assistance in
-solving some problems in daily life, opening up new
avenues for research in various fields, and creating new

~doors for innovation and improvement in areas of life.
© 2024JWUPS, College of Education for Girls, University of Mosul.
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1-INTRODUCTION

Graph theory is a fundamental mathematical tool that is widely used in various
practical applications, such as computer networks, electrical engineering,
industry, and chemistry. It has also been used to study the topological properties
of digital images and complex networks, such as social networks [1][2]. Previous
studies have included topological models to understand the structure of graphs,
like S. M. Amiri et al.'s study [3]. Recently, new studies have emerged showing
the importance of topology in understanding complex networks and providing
models to explain their behavior, especially in machine learning and distributed
environments [4][5].Many problems that arise in different fields can be
formulated as graph theory problems, highlighting the importance of this theory
in solving complex problems. Historically, mathematics in general has emerged
to meet the needs of practical applications. For example, geometry emerged to
measure land and organize agriculture, while topology emerged to address
engineering problems. Based on mathematical theories, one can use them to solve
many complex problems in various fields. Researchers have used different
relationships to link topological spaces with graphs, including relationships that
connect topological spaces with graphs through vertices[6][7][8]. In this paper we
denoted by t* the family of i — open sets. We present our work in two sections.
In the first section, Expansible Punctual Graph Topological Space, our method is
to apply graph topological space to various life models, resulting in a deeper
understanding of the internal structure of these models. The results indicate that
this method can help improve the design of urban areas and understand the
behavior of neurons, opening up new avenues in the field of graph topological
space and its applications. In the second section, we presented a study on Non-
Expansible Punctual Graph Topological Space, focusing on transition graphs as a
key example. Now we present some basic definitions and illustrative examples
for later use, as follows:
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Definition 1.1[9] let W be a subset of a topological space (V, ) then W isi-open
if there exists H € 7 /{N', @} suchthat W < cl (W n H).

Example 1.2 let N={d, e, f}, 7={0,{d},{d, e}, N} and let W={d} then W s i-
open because W c cl (W n {d,e}) =cl ({d}) = .

Theorem 1.3[9] All open sets in a topological space are i-open, but the converse
IS not always true.

Example 1.4 let N={k, z,c} , ={0, {k}, {k,c}, N} and let W={k, z} then W is
I-open but it is not open.

Definition 1.5[10] (V, ) is said to be T,-space if any a,e € V' (a # e), there
exist L € Tsuchthateither aeL,e¢ LoreeL,a ¢ L.

Example 1.6 let N={k, z}, 7={0, {k}, N'}, (IV, 1) is topological space.
k,zeN (k#2z),3{k}eN st ke{k}z¢e&{k}. Sowe have (\WV,1) isT,-
space.

Definition 1.7[10] (V, t) is said to be T;-space if any a,e € V' (a # e), there
exist K,L € T suchthatae€ L,e¢ L and a ¢ K,e € K.

Example 1.8let N'={f,p, d}, 7={@,{f }, {p}. {a}. {f, p}. {f, d}. {p, d}, N'}, (W, 7)
is topological space.

froeN(f#p)3lph{fler

st pef{p).fe{p)felflre{ft

frdeN (f#d),3{d}{f}er

st de{d},fe{d}felflde{f}

dp€eEN (d+p)I{pl{dler

st p€e{p}dé¢{p}de{d}pée{d}

So we have (V, t) is T;-space.

Definition 1.9 [11]A graph is anordered pair G = (N, E), where N is a set of
vertices or nodes, and P is a set of edges or arcs or relashinships that connect pairs
of vertices, such that each edge connects two vertices. A graph can be represented
graphically using points and lines, where points represent vertices and lines
represent edges.
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Definition 1.70 [12] The transition graph IG is a graph associated with the
original graph G, such that the vertices of 1G represent the edges of the original
graph G.

Example 1.717 Look at the graph G = (N, E), as shown in the following

a 24

€5
7 o2 03
Fig.1... (G)

Then the transition graph IG of graph G is as follows:

Q2 24

O3
(I1G)

2-PUNCTUAL GRAPH TOPOLOGICAL SPACE

In this section, we define punctual graph topological space to prove our result
(proposition 2.3)

Definition 2.1[13] Let G = (NN, ) be agraph and let I(g) be the vertices associated
with the edge o, then T, = {U S, : 0 € E} represented a topology on the set of

vertices of the graph, where S, ,) represent a topological basis for the topological

space, and is defined as follows:
Sice) ={n1(e) : 0 € E}U{I(0)}.

Example 2.2 Look at the graph G = (N, E), as shown in the following
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Let G = {1, n,, n3,ny, ns}, hence

I(e1) = (M, nz},  1(02) = (Ma,ms},  1(e3) = (My,n3},  1(04) = (M3, 14},
I(es) = {4, ns}, I(06) = {4, 15}

Then the sub basis S, is as follows:

S1(0)= {0,{n1, 13}, {1z, M3}, {ng, M3} {ns, Mg} {ng, Ms}{ng 1Nz}, {ins 1, {na}}
Therefore, the topology on the space G can be written as:

Tg={D,{(n1, 2}, (M2, M3}, {ng, M3}, {ns, ny}, My, s}, {1 1, {2 1 M3}, s}, {ng,
{2, o {ng, mp, 3}, {g, o, M b {no, 3, na L, {ng, 3, e 3. {ng, My, s h{n,, ny, ns}
3, g, s 1 {ng, g, iz, e b {ng, o, g, s 1 {ng, M3, ny, s 1,{ng, 3, 1y, "15},@}

Proposition 2.3 Let C,, = (N,E) be a cycle graph whose vertices set is N =
{n, ny, 13, ...., M, } Where n > 3 Then the topological space generated by the
cycle graph C,, = (N, E) is a discrete topological space.
Proof: Let C,, = (N,E) be acycle graph is as in a Fig.3

1,

Fig.3
We have
I(01) = (M, nz}, 1(02) = (M, 3}, 1(03) = {13, 4},
e 1(Qn—1) = Mp—1, M}, I(0n) = M,y 3.

Then the sub-basis S, is as follows:
SI(Q): {@,{Vll},{l’tz},{l’l:g};--- ey {Mn—l};{mn}i{mi' 1/li+1}?'=_11

Therefore, the topology generated by the cycle C,, is:
Tg =
PON) ={8,{n; {2}, (M5} oo, Mo M} 0 Wi 15 M0 i1} VIS GY

Hence, the topological space (7, G) has been shown to be discrete.
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3-EXPANSIBLE PUNCTUAL GRAPH TOPOLOGICAL SPACE

In this section, we define and apply this concept to various life models,
including neurons and geographical areas, where these models have been
transformed into expansible topological spaces, allowing them to be reconfigured
based on a expansible topological space. The results obtained indicate that
reconfiguring these models can lead to changes in their shapes. This study opens
new doors in the field of graph topological spaces and their applications in many
applied fields.

Definition 3.1 A punctual graph topological space G = (N,E) is said to be
expansible punctual graph topological space if 7, & ré.

Example 3.2 Look at the graph G = (N, E), as shown in the following

Fig.4

Let G = {ny, Ny, n3, 14, ns}, hence

I(01) = My, 2}, 1(02) = (Ma,m3), 1(03) = (g, 4}, 1(04) = (M3, 15},
Then the sub basis S;,) is as follows:

Si(0)= {0,{n1, n2},{nz, M3}, {n3, M4}, {3, 15}, {2}, {33}

Therefore, the topology on the space G can be written as:

Ty ={0, {11, o}, (Mo, n3}, Mg, e}, (s, s}, (o}, (s}, (g, g, s}, (ng, s, 4 b,
{nz,ns, ‘45}:{‘43{ Wy s 1, {Mg, Mg, M3, Ma L, {0y, g, M3, s} {Ng, M3, 1y, “5};6}

Now, we find 7,={family of i —open sets}

So, we have

Tf; ={0, (M1, 2}, (M, 13}, (M3, e}, (Mg, s}, (Mo}, (M3}, (Mg, np, 3}, (Mg, s, 1y,

{MZJ ns, MS} ’ {l/t3, Uy, MS} ) {Ml' Ny, Us, M4} ) {Ml' Ny, U3, MS} ) {MZ' U3, Uy, MS} ) {Ml} )



151 2025 Olpis s o(4) 22 (1) daall A pal) o glell o gle)) b g Una

{M4}'{M1'M3} ) {th,lft4} ) {1/12,1/14}, {1’11,1/12,1/14} ) {Ml'l’t3:u4} ) {M1;M3;M5} )
M1, n3, My, s}, G}

Thus, we obtain 7, & rj, , which implies that the punctual graph topological space
is expansible topological space.

3.3 Improving Traffic Flow using Punctual Graph Topological Space

Within the framework of searching for innovative methods to improve urban
planning and infrastructure, a study was conducted in a specific residential region
consisting of streets and important elements such as a hospital, university, park,
and Mosque. Where we transformed the region into a graph, and then generated a
punctual graph topological space from a graph, which was found to be an
expansible graph topological space. Our method aims to study the changes that
occur in the region's planning when it is reconfigured based on the expansible
graph topological space. The results obtained indicate that adding a new street to
the region can lead to improved traffic flow and reduced congestion in the region.
To illustrate these results, we present a practical example of how this approach
can be applied, as follows:

W,@(University)

W, (Park)

@1 0>

(Mosque) U, 03 * U3 (Hospital)
Fig.5

By using the graphical representation of residential region, we have

I(e1) = (s}, 1(02) = (Mo, 4}, 1(03) = (M3, 14}

Then the sub basis S, is as follows:

SI(Q): {0,{n1, na },In2, Mg} {3, 4 1, {43}

Therefore, the topology on the space G can be written as:

Ty ={0,{n1, Mu 1, {2, na}, {13, e 1 {na}, {1, Mo, My} {Np, g, M} {ny, 13, W4};G}
Now, we proceed to find rgz{family of i —open sets}

Hence
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Tl =
{@, {Vl1; M4} ’ {1:12' M4} ’ {M3' M4} ’ {ML}} ’ {MlJ nz, 1’14} ’ {MZJ ns, 1’14} ’ {Vt1: ns, M4}; {Ml} ’
{13}, (M1, n3},G}

Based on the above, we conclude that the punctual graph topological space is
an expansible space, enabling us to expand the original shape of the region. As a
result, its shape will undergo a slight transformation when redrawn from the
expansible punctual graph topological space, a new edge, denoted by the symbol
04, Will be added, resulting in the following modified shape

|

2

o 02

®
N, 03 N3

This result provides a significant benefit in improving urban planning and
infrastructure, as the punctual graph topological space can be used to determine
the necessary changes to improve traffic flow and reduce congestion in urban
areas.

3.4 A Study of the Internal Structure of Neurons using Punctual Graph
Topological Space

In the field of neuroscience, neurons are considered the basic unit of the
nervous system, playing a crucial role in processing information and executing
neural functions. However, understanding the structure and function of neurons is
a significant challenge due to their complex structural and functional properties.
In this context, punctual graph topological space is a powerful mathematical tool
for understanding the structure and function of neurons. By representing a neuron
as a graph and then generated a punctual graph topological space from a graph,
we can gain a better understanding of the relationship between the structure and
function of neurons. We will provide a detailed explanation of the application of
punctual graph topological space to the neurons.
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1<

Bipolar Unipolar Multipolar
(Interneuron) (Sensory Neuron) (Motoneuron)

Anatomical types of neurons

e
07 Os
Ny Ug
Fig.6 (Graph of Bipolar Neuron)

By using the graphical representation of bipolar neuron, we have
I(e1) = {my,n3}, 1(02) = {Ma,n3},  1(e3) = (M3, 4}, 1(04) = (M4, s},
I(0s) = (M5}, 1(06) = (M5, n6}, 1(07) = (M6, 7}, 1(08) = {M6, Mg}

Then the sub basis S;(,) is as follows:

S10= {0,{1, M3}, {2, M3 },{n3, na}, (M4, s}, {5, N6} {ne, Mg}, {6, 17} {3} {4} {5}, {Ne}}
Therefore, the topology on the space G can be written as:

Tg ={0,{n, n3}, {2, n3}, (M3, na}, s, ms}, (s, n6}, (M6, na}, g, 7}, M3}, (s}, (s}, {6},
Mg, ns}, (s, 6}, (M4, e}, Mg, s, 4}, (g, o, sl {{ng g, s, {ng, ns, ne}, (ma, s, s},
{2, m3, ns}, (Mg, 3, 16}, Mz, g, s}, Mg, My, Mg (Mg, s, W6}, (s, W6, 7}, (s, 1, g},

{6, m7,ng}, (M3, m5, M6}, {3, M6, 173, {3, M6, Mg}, (Mg, M6, 73, (g, Mg, Mg}, (g, Mo, 15, 14},

{ne, o, g, ms}, g, o, g, ne (g, g, g, ns}, g, g, my, el (g, g, ns, e}, {ng, nz, ng, s},
{2, 3, v, s}, (Mg, M3, g, M6}, (g, 13, 15, 6}, (Mg, M3, M6, M7}, (Mg, 13, 16, Mg}, (N, M, s, M6},
{13, 4, M6, 7}, (M3, 4, M6, g}, (W4, s, Mg, M7}, (N, s, W6, Mg}, (s, Mg, M7, g}, Mg, s, g, M7},
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{13, 15, 6, Mg}, (M3, M6, M7, Mg}, (M4, M6, 7, Mg}, (g, M3, W4, s, NG}, (g, M3, My, 6, 173,

{11, 3, 4, g, Mg}, (Mg, M3, s, M6, M7}, {1y, M3, M5, M6, Mg}, (g, Mo, M3, My, Us3, (g, Mg, M, My, M6},
{1, np, m3, s, 6}, (g, Mo, 13, 6, M7 ), {1y, o, W3, e, Mg Hg, M3, Mg, M7, Mg}, (Mg, M3, My, 15, M6},
{2, 3, 4, M6, M7}, (Mg, 3, My, M6, Mg}, (Mg, M3, W, M6, M7}, (Mg, M3, M5, M6, Mg}, (Mg, M3, M6, M7, Mg},
{13, 4, s, 6, M7}, (M3, 4, M5, M6, Mg}, (M3, Ma, M6, M7, Mg, (Mg, M5, M6, 17, Mg}, (M3, M, 6, M7, g},
{ny, m3, M, M5, g, M7}, (g, Mg, My, s, M6, Mg}, (Mg, U3, Mg, Mg, M7, Mg, (Mg, M3, U, M6, 7, Mg},
{2, 3, M4, M, M6, M7}, (Mg, M3, My, M5, M6, NgT, {Ng, Mo, U3, Wy, Ws, W6}, (Mg, Mg, M, My, M6, M7,

{11, mg, 13, my, 6, Mg}, {1y, Mo, N3, s, N, M7}, {Ng, Mg, M3, s, Mg, Mg}, {Ny, Mg, U3, M6, M7, M),

{12, 13, My, g, M7, Mg} , M2, 13, M5, M6, M7, NG} , {13, 4, M5, Mg, M7, Mg} ,
{1y, 3, 4, 15, 6, M7, Mgl (g, M3, M6, Mg}, (Mg, M3, My, M5, M6, 1, MB}'G}

Now, we find t5={family of i —open sets}

Hence

Té ={0, {1}, (Mg}, (M1, M4}, (M1, M5}, (M1, M6}, (M1, Mg}, (M3, Mg}, {4, Mg}, (M5, Mg}, (Mg, M3, Mg},
Mg s}, Mg, g e}, (Mg, g, e}, (M, s, 6}, (Mg, s, g}, (Mg, Mg, Mg}, (M3, My, Mg},
Mz, s, g} , (Mg, e, g}, (Ma s, g}t , (Ma e e}, (Mo, a3,y Mg}, (Mg, My, 5, 16},
{1, My, M5, g}, (Mg, My, M6, Mg, (g, Ms, Mg, Mg}, (Mg, M, M, s, Mg}, (g, M3}, {ng, 3}, {ng, na},
M ns}, (s, 6}, (e, g}, (e 7}, M3}, (Mu}, (s}, (M6}, (s, s}, (Mg, me}, (g, 6},
{n, ms, .}, (g, np, ms} , {{n1, 3, ns} , {ny, m3, 16} , Mz, n3, s} ,
{2, m3, ns}, (g, 3, 16}, (s, g, s}, {ng, ny, el Iy, s, e, {ns, g, n7}, {ns, ng, mg},

{6, m7, ng}, (M3, M5, M6}, {3, M6, 173, {3, M6, Mg}, (Mg, Mg, 7}, (Mg, Mg, Mgl (g, Mo, 15, 14},

{1, mp, m3, ns}, (g, g, ns, gl g, ns, ny, s}, (g, ns, u, me ), {ng, g, ms, ne}, {ng, ma, me, 173,
{2, m3, g, 13}, (Mg, 3, 4, M6}, (Mg, 3, s, U6}, (Mg, M3, 16, M7}, (Mg, 13, 6, Mg}, (W3, My, s, 163,
{13, 4, g, M7}, (M3, My, M6, Mg}, {Mu, s, Mg, 73, (Mg, M5, M6, Mg}, (M5, M6, 17, Mg}, (N, s, M6, 17},
{3, ns, n6, g}, (M3, 16, M7, Mg}, (W4, M6, M7, Mg}, (Mg, M3, My, s, M6}, (g, M3, 4, M6, 17},

{1, 3, 4, Mg, Mg}, (Mg, M3, s, M6, M7}, {1y, M3, M5, M6, Mg}, (g, Mo, M3, Wy, Us}, (g, Mg, M3, My, M6},
{1, mp, m3, s, e}, (g, o, 13, M6, M7 ), {1, o, a3, e, Mg Hg, M3, Mg, M7, Mg}, (Mg, M3, My, s, M6},
{2, 3, M4, M6, M7}, (Mg, 3, My, M6, Mg}, (Mg, M3, M, M6, M7}, (Mg, M3, M5, M6, Mg}, (Mg, M3, M6, M7, Mg},
{3, M4, ns, g, M7}, (M3, M4, M5, M6, Ng}, (M3, My, WG, M7, Mg}, (M4, Ms, M6, N7, Mg, {3, W, M6, M7, Mg},
{11, 3, 4, 15, 16, 73}, (Mg, M3, Mg, s, M6, Mg), (Mg, M3, My, M6, 7, Mg, (Mg, M3, M5, M6, M7, Mg,
{2, 3, M4, s, M6, M7}, (Mg, M3, My, Ms, M6, MgT, {Ng, Mo, U3, Wy, Us, 6}, (Mg, Mg, M, My, M6, M7,

{n1, Mg, 13, My, 6, Mg}, {Ng, Mg, U3, s, U, M7}, {Ny, Mg, Mg, s, Ug, Mg}, {Ny, Mg, U3, M6, U7, Mg),

{12, 13, Mg, Mg, M7, Mg} , M2, 13, M5, g, M7, NG} , {13, 4, M5, Mg, M7, Mg} ,

{Mli U3, Uy, Usg, Ug, U7, MS}J {le U3, Ug, MB}U{MZ' U3, Uy, Usg, Ug, U7, MS}'G}

From the above, we deduce that the punctual graph topological space of the
neuron is an expansible topological space, which allows us to expansible the
original shape of the neuron. Consequently, its shape will slightly change when
redrawn from the expansible punctual graph topological space, where new edges
will be added and denoted by the following symbols o,, 01, 04, 05, 04> 0p, 0> O
and its shape will become as follows:



This work may provide insights into how the structure of neurons can change
under different physiological and pathological conditions.

4-NON-EPANSIBLE PUNCTUAL GRAPH TOPOLOGICAL SPACE

In this context, we will outline our method for reviewing non-expansible
punctual graph topological spaces, particularly the topological space of the
transition graph for neurons and residential regions.
Definition 4.1 A punctual graph topological space G = (N, E) is said to be non-
expansible punctual graph topological space if 7, = rgf.
Example 4.2 Look at the graph G = (N, E), as shown in the following

Let G = {Vll, Mz, Vlg}, henCe

I(01) = (i, a2}, 1(02) = (M2, n3}
Then the sub basis S;,) is as follows:

Si(0)= {0,{n1, n2},{nz, n3},{n, 3}
Therefore, the topology on the space G can be written as:

Tg={®:{‘41: Uz 1Nz, 13 },{n, };G}
Now, we find 7/



wogr B8 (FLl) (2 platll] SLGN Lo — i ———————————————— 156

Té={®,{nl, MZ}I{MZJ ns }:{Vlz}: G}

Thus, we have 7, = ré. This means that (G, T,4) is a non-expansible punctual
graph topological space.
4.3 Transition Graph of residential region

We will take the transition graph of the residential region, considering that
nodes will be denoted by the symbol o, and edges will be denoted by the symbol
a, as shown in the following:

Qs
Fig.8
Let G = {0, 0,, 05}, hence

I(a;) = {01,035}, 1(az) ={e1, 0.}, I(as) ={02 03}

Then the sub basis ;4 is as follows:

Siy= 19,401, 031,101, 023,102, 03}{01 {02} {03}}

Therefore, the topology on the space G can be written as:

Tg={¢;{91; 03}.{01, 02}1,{02, 93}:{91};{@};{@3};@}

We note that the topological space of the transition graph for residential region
cannot be expansible because we will have 7, = rgf.

4.4 Transition Graph of Neuron
Our method for explaining the transition graph of the bipolar neuron, as shown in
the following:

01 (2))
Q4 @s
07 Qs
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Let G = {01, 02, 03, 04, 05, 06, 07, 05}, hence

I(a;) ={01,02} ,1(az) = {e1,03},1(as) = {02,03},1(as) = {03,04},1(as) =
{03, 05}1(as) = {04, 06}

Jd(az) = {es,06},1(ag) = {06, 07}, 1(ag) = {06, 08}, [(a10) = {07,058}

Then the sub basis ;g is as follows:

Si@)= {D,{01,02},{01,03},{02,03},{03,04},{03, 05}, {04, 06}, {05, 06}, 106, 07},
{06, 08},{07, 0} {01} {02} {03} {04} {05} {06} {07} {08}}

Therefore, the topology on the space G can be written as:

Ty ={0,{01, 02}, {01, 03}, {02, 03}, {03, 04}, {03, 05}, {04, 06}, {05, 06}, {06, 07},
{06,058}, {07, 08}, {01}, {02}, {03}, {04}, {05}, {06}, {07}, {08}, {01, 04}, {01, 05},
{01,063}, {01, 07}, {01, 08}, {02, 04}, {02, 05}, {02, 06}, {02, 07}, {02, 08}, {03, 06},
{03,07}, {03,083}, {04, 05}, {04,073}, {04, 08}, {05, 07}, {05, 08}, {01, 02,03},
{01,02,04} , {01,02,05} , {01,02,06} , {01,02,07} , {01,02,08} , {01,03,04} ,
{01,03,05} , {01,03,06} , {01,03,07} , {01,03,08} , {01,04,05} , {01,04, 06} ,
{01,004 07} , {01, 04,08} , {01,05,06} , {01,05,07} , {01,05,08} , {01,06,07} ,
{01,06,08} , {01,07,08} , {02,03,04} , {02,053, 05} , {02,03,06} , {02,03,07} ,
{02,03,08} , {02,04,05} , {02,04,06} , {02,04,07} , {02,04,08} , {02,05,06} ,
{02,05,07} , {02,05, 08} , {02,06,07} , {02,006, 08} , {02,07,08} , {03,04,05} ,
{03,04,06} , {03,04,07} , {03,04,08} , {03,05,06} , {03,05,07} , {03,05,08} ,
{03,06,07} , {03,06,08} , {03,07,08} , {04,05,06} , {04,05,07} , {04, 05,08} ,
{04,06,07} , {04,06,08} , {04,07,08} , {05,006, 07} , {05, 06,08} , {05,07,08} ,
{06,07,08} , {01,02,03,04} , {01,02,03,05} , {01,02,03,06} , {01,02,03,07} ,
{01,02,03,08}, {01, 02, 04,05}, {01, 02,04, 06} , {01, 02,04, 07} , {01, 02, 04, 08} ,
{01,02,05, 06}, {01, 02, 05,07} , {01, 02,05, 08}, {01, 02, 06, 07} , {01, 02, 06, 08} ,
{01,02,07,08},{01,03,04,05} , {01, 03,04, 06} , {01, 03,04, 07} , {01, 03, 04, 08} ,
{01,03,05,06}, {01, 03, 05,07}, {01, 03,05, 08} , {01, 03, 06, 07}, {01, 03, 06, 08},
{01,03,07,08}, {01, 04, 05,06} , {01, 04, 05,07} , {01, 04, 05, 08}, {01, 04, 06, 07},
{01,04, 06,08}, {01, 04,07, 08} , {01, 05,06, 07} , {01, 05, 06, 08}, {01, 05, 07, 08},
{01,06,07,08}, {02, 03, 04,05}, {02, 03,04, 06} , {02, 03,04, 07} , {02, 03, 04, 08},
{02,03,05,06},{02,03, 05,07} , {02, 03, 05, 08} , {02, 03, 06, 07} , {02, 03, 06, 08}
{02,03,07,08},{02,04, 05,06} , {02, 04, 05,07} , {02, 04, 05, 08} , {02, 04, 06, 07},
{02,04, 06,08}, {02, 04,07, 08}, {02, 05, 06,07} , {02, 05, 06, 08}, {02, 05, 07, 08},
{02,06,07,08}, {03, 04, 05,06} , {03, 04, 05,07} , {03, 04, 05,08} , {03, 04, 06, 07},
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{03,04,06,08},{03,04, 07,08} , {03, 05, 06,07} , {03, 05, 06, 08} , {03, 05, 07, 08},
{03,06,07,08}, {04, 05, 06,07} , {04, 05, 06, 08} , {04, 05,07, 08} , {04, 06, 07, 08},
{05,06,07,08} , {01,02,03,04,05} , {01,02,03,04,06} , {01,02,03,0407} ,
{01,02,03,04, 08} , {01,02,03,05,06} , {01,02,03,05,07} , {01,02,03,05,08}
{01,02,03,06,07} , {01,02,03,06,08} , {01,02,03,07,08} , {01,02,04, 05,06} »
{01,02,04,05,07} , {01,02,04,05,08} , {01,02,04, 06,07} , {01,02,04, 06,08} |
{01,02,04,07,08} , {01,02,05, 06,07} , {01,02,05,06,08} , {01,02,05,07,08}
{01,02,06,07,08} , {01,03,04,05,06} , {01,03,04,05,07} , {01,03,04, 05,08} |,
{01,03,04, 06,07} , {01,03,04, 06,08} , {01,03,04, 07,08} , {01,03,05,06,07}
{01,03,05, 06,08} , {01,03,05,07,08} , {01,03,06, 07,08} , {01,04, 05, 06,07}
{01,04,05, 06,08} , {01,04,05,07,08} , {01,04,06, 07,08} , {01,05,06,07,08}
{02,03,04,05,06} , {02,03,04,05,07} , {02,03,04,05,08} , {02,03,04, 06,07} ,
{02,03,04,06,08} , {02,03,04,07,08} , {02,03,05,06,07} , {02,03,05, 06,08} ,
{02,03,05,07,08} , {02,03,06, 07,08} , {02,04,05,06,07} , {02,04,05, 06,08} ,
{02,04,05,07,08},{02, 04, 06, 07, 08},{02, 05, 06, 07, 08},{03, 04, 05, 06, 07},
{03,04,05,06,08} , {03,04,05,07,08} , {03,04,06, 07,08} , {03,05,06,07,08} ,

{04, 05,06, 07, 08}

{01,02,03,04, 05, 08}
{01,02,03,04,07,08}
{01,02,03, 05,07, 08}
{01,02,04, 05,06, 08}
{01,02, 05,06, 07, 08}
{01,03,04,05,07, 08}
{02, 03,04, 05,06, 08}
{02, 03, 05,06, 07, 08}

’

’

’

{01,02,03,04,05,06}

{01,02,03,04,06,07}
{01,02,03,05, 06,07}
{01,02,03,06,07,08}
{01,02,04, 05,07, 08}
{01,03,04,05, 06,07}
{01, 04,05, 06,07, 08}
{02, 03,04, 05,07, 08}
{02, 04,05, 06,07, 08}

’

7

’

’

{01,02,03,04,05,07}

{01, 02, 03,04, 06,08}
{01, 02,03, 05,06, 0}
{01,02,04, 05,06, 07}
{01, 02,04, 06,07, 08}
{01, 03,04, 05, 06, 08}
{02,03,04,05, 06,07}
{02,03,04, 06,07, 08}
{03, 04,05, 06,07, 08}

~

’

7

{01,02,03,04,05,06,07} , {€1,02,03,04,05, 06,08} , {01,02,03,04,05,07,08} »
{01,02,03,04,06,07,08} , {€1,02,03,05,06,07,08} , {01,02,04,05,06, 07,08} »

{01, 03,04, 05, 06, 07, 08},{02, 03, 04, 05, 06, 07, 05}, G}

VT = P(G), hence Ty = r;'], which implies that the transition graph for neurons

cannot be generalized.

Remark. The punctual graph topological space of the transition graphs is
1. T, — space because Assume that there exist two distinct points x and y in
the space G, such that x # y. Then, there exists an open set {x} that
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contains x but not y, or there exists an open set {y} that contains y but not
X.

2. T; — space because Assume that there exist two distinct points x and y in
the space G, such that x # y. Then, there exist two open sets {x} and {y}
such that the set {x} contains x but not y, and the set {y} contains y but
not x.

Conclusions

In this work, we showed that the punctual graph topological space can be an
expansible and non-expansible topological space. We also found that the punctual
graph topological space helps in improving urban planning and understanding the
structure of neurons. Additionally, we demonstrated that the expansible
topological space is a T, — space and T; — space.
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