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ABSTRACT

The partition dimension of a graph in chemical graph theory refers to a graph invariant used to analyze the structural
properties of molecules. It represents the minimum number of clusters or resolving partition set required to uniquely
identify each vertex in the graph based on the neighborhoods within their respective clusters. In the context of chemical
graph theory, the vertices of the graph correspond to atoms, and edges represent bonds between these atoms in a
molecular structure. Determining the partition dimension of a chemical graph helps in understanding the relationships
between molecular components and their spatial arrangements. It assists in the analysis of molecular conformations,
structure-activity relationships, and drug design by identifying the smallest number of distinct clusters or resolving
partition sets necessary to uniquely define the local environment of each atom in the molecule. The partition dimension
is a valuable metric in computational chemistry, offering insights into molecular complexity, aiding in the prediction
of molecular properties, and facilitating the discovery of new drug candidates with specific structural characteristics. In

this work, we have calculated the partition dimension of certain ANTI-HIV drug molecular structures.

Keywords: Partition resolving set, Partition dimension, ANTI-HIV drug structures

1. Introduction

Acquired Immunodeficiency Syndrome (AIDS),
caused by the Human Immunodeficiency Virus (HIV),
stands as one of the most challenging and globally
impactful health crises of our time. Since its identi-
fication in the early 1980s, the HIV/AIDS pandemic
has spurred extensive research, public health initia-
tives, and medical interventions. This insidious virus,
which attacks the immune system, has far-reaching
consequences, affecting millions of lives worldwide.
Understanding the virology, transmission, and socio-
economic impact of HIV is paramount in the ongoing
efforts to prevent new infections, improve treatment
modalities, and ultimately work towards a world
free of the devastating effects of AIDS. This intro-

duction delves into the multifaceted aspects of the
AIDS HIV virus, shedding light on its complexities,
the progress made in its management, and the chal-
lenges that persist in the pursuit of global health
equity. Antiretroviral drugs, vital in the treatment
of Human Immunodeficiency Virus (HIV) infection,
exhibit diverse molecular structures that contribute to
their therapeutic efficacy. These structures are care-
fully designed to interfere with various stages of the
HIV life cycle, preventing the virus from replicating
and progressing within the host’s immune system.
Efavirenz, a non-nucleoside reverse transcriptase in-
hibitor (NNRTTI), disrupts the virus’s ability to convert
its RNA into DNA by binding to the reverse transcrip-
tase enzyme. Abacavir, a nucleoside reverse tran-
scriptase inhibitor (NRTI), incorporates itself into the
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growing viral DNA chain, inhibiting further synthesis.
Lamivudine, another NRTI, competes with natural
building blocks for incorporation into the viral DNA,
thereby impeding its elongation. Doravirine, a newer
generation NNRTI, hinders the reverse transcription
process by binding specifically to the viral reverse
transcriptase enzyme. These molecular structures ex-
emplify the strategic design of antiretroviral drugs,
targeting key viral enzymes or processes essential for
replication. Understanding these structures is funda-
mental to appreciating the nuanced mechanisms by
which these drugs combat HIV, ultimately contribut-
ing to improved treatment outcomes for individuals
living with the virus. Based on information from
the World Health Organization (WHO), an estimated
480,000 to 1.0 million individuals lost their lives due
to HIV-related causes, and approximately 1.0 to 2.0
million people contracted HIV in the year 2020. The
transmission of this virus has surged rapidly, with
the alarming observation that no fully recognized
drug or vaccine exists for its administration. Never-
theless, certain medications have demonstrated the
ability to partially control the virus to some extent.
In this context, specific topological descriptors for
the chemical structures of tenofovir, employed in the
treatment of HIV, have been identified as detailed
in [1]. Mamika et al. [30], discussed the Signless
laplacian energy of interval-valued fuzzy graph and
its applications to build an algorithm that helps in
solving some real-life problems. Consequently, Faisal
et al. [31], studied decision-making techniques based
on similarity measures of possibility interval fuzzy
soft environment. Finally, Ahmed et al. [32], used
mathematical modeling techniques with applications
in biosciences to predict COVID-19 in various.

Some pre-existing drugs have been approved for
use and efficacy by researchers to control and
manage the deadly virus. These include reverse
transcriptase inhibitors that are nucleoside or non-
nucleoside. A molecule’s topology is fundamentally
a non-numerical mathematical unit. The topology of
a molecule is essentially a non-numerical mathemat-
ical concept. Many measurable characteristics of a
molecule are often represented by specific numerical
values. To establish a connection between molecular
topology and real chemical attributes, the conversion
of relevant details embedded in the chemical struc-
ture to numeric values becomes crucial, ultimately
giving rise to the emergence of topological indices.
Thus, the topological index of a molecular graph is
considered a non-empirical numerical quantity that
determines the framework of the molecule along with
its diverging sequence. In other words, these topo-
logical indices are functions that map the chemical
structure to a real value.

In this paper, we consider a transformation from
a chemical structure to a graph representation when
discussing a molecular graph. Assumed by this trans-
formation are nodes representing atoms and edges
representing the chemical bonds between them. For
more detailed information, one can refer to recent
literature [2-6].

Following is the division of the remaining sections
of the paper. Preliminaries and basic concepts are
given in Section 2 and the main findings are listed
in Section 3. The final observation of the findings is
in Section 4, and the conclusion and further future
directions are discussed in Section 5 respectively.

2. Basis concepts

Definition 2.1. Let B = (V(B), E(B)) represent a ba-
sic connected undirected graph of a chemical network
(structure), with V(B) representing the set of nodes set
or vertex set and E (B) representing the set edges set, also
known as the branches. The distance between two nodes,
often denoted as d(u, v) or dist(u, v) is the length of the
shortest path connecting those vertices. The distance is
the minimum number of edges that must be traversed to
go from vertex u to vertex v in the given graph B.

Definition 2.2. Consider L = {l;, 5,13, ...,} C V(B)
is an ordered subset of the set of primary nodes then
for a primary node | € V(B) the identification/position
of a primary node l in relation to L is arranged in
measurements (d(l,1;),d(l, L), d, 13),...,d(, ). If
the ordered subset L assigns a unique identity to each
principal node in V(B), then this subset is known as a
resolving set of chemical network structures. The metric
dimension of is the lowest number of elements in the
subset L, which is indicated by the term dim(B).

Definition 2.3. Given a vertex t in a molecular graph
structure V(B) and a subset P of V(B) the distance
between t and P is denoted as d(t,P) and is defined
as the minimum distance between t and any vertex x
in P expressed as d(t, P) = min{d(t, x)|x € P}. Let = =
{P1, P, Ps, ..., P} be an k ordered resolving partition set
of V(B). The representation of a vertex t with respectto «
is the k tuple {d(t, P,),d(t, P;),d(t,P3),...,d(t,P)}. A
partition = of a graph B is termed a resolving partition if
each distinct vertex in B possesses a unique representation
with respect to w. The partition dimension, Pd(B), is the
smallest number of subsets that can be created with the
given set V(B).

Table 1 lists the different notations and symbols in
the context of metrics and their generalizations. A
variety of applications for these ideas are explained
by the literature included in the text:
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Table 1. Fundamental notations.

Terminologies Notation
Structure Bstructure
Node set [NS] V (Bstructure)
Edge set [ES] E(Bstructure)
Resolving set [RS] s
Resolving number [RN] In

Partition resolving number prn
Partition resolving set [PRS] T
Representation of a vertex x with respect to r(x|z)

partition resolving set &
Function providing the PLS elements of Figs. 1 to 4  x;

The very limited and recent literature that is avail-
able here is on metrics and their generalization. The
topic of metric dimension and its generalization is ex-
plored in relation to polycyclic aromatic compounds
in [7]. In [8], a two-dimensional lattice is discussed
along with the concept of metric dimension and that
structure. They also discussed a chemical structure.
The same idea of distance-based graph theory is ap-
plied to cellulose networks in [9]. In [10], the idea
of distance graph theory is used to discuss a com-
puter network. References [11-15] provide specific
information on broad classes of connected data pat-
terns (graphs). In general, the literature surveyed
encompasses a broad spectrum of applications and
extensions of metrics dimension across diverse fields
such as chemistry, networking, and graph theory.
These investigations are likely to enhance our com-
prehension of metrics dimension and their relevance
in varied contexts.

There are fewer precise partitions available and fre-
quently only bounds are given because the partition
dimension [PD] is a more complicated idea than the
metric dimension [MD]. For example, bounds are pro-
vided in reference [16] for partitioning a generalized
set of convex polytopes, and similar bounds are pro-
vided in reference [17]. Partitioning is demonstrated
using a chemical fullerene graph in [18], and bounds
for another chemical structure are given in [19].
[20] presents partition sets for specific nanotubes and
sheets, and [21] discusses the two-dimensional lattice
structure. The partition dimension is computed for a
variety of broad Characteristics defining graph fami-
lies and classes in references [22-26].

The metric dimension has many applications in var-
ious fields, such as image processing, robotic roving,
complex games, combinatorial optimization, pharma-
ceutical chemistry, the polymer industry, and the
electric field. The list of these applications is complete
in [27-29]. In the field of robotics, the partitioning
of a vertex set according to metric properties holds
significance for optimizing robot roving strategies
[29]. Partition dimensions are used by the Djokovic-

Winkler relation in chemistry to confirm and identify
networks. In addition, metric dimension is used in
hierarchical data structures, image processing, pat-
tern recognition, and mastermind games. The metric
dimension, in general, has a broad range of useful
applications that are pertinent to numerous fields
that require effective and efficient problem-solving
techniques.

3. Main result

The main findings of our partition resolving a set of
different structures will be shown in this section, such
as Efavirenz, Abacavir, Lamivudine, and Doravirine.

Theorem 3.1. Let B.fqirenz be a graph of efavirenz
anti- HIV drug structure depicted as a network of nodes
and edges. In this structure, the total number of edges,
also referred to as the size, is 23, while the total number
of nodes, also known as the order, is 21. Additionally,
Fig. 1 displays the molecular graph of the labeling
and structure of the anti-HIV drug efavirenz, which
was utilized to illustrate our main findings. Then, the
B favirenz partition resolving set is less than or equal to 4.
V(Befavirenz) ={ar:r=1,2,3,...,21} E(Befavirenz) =
{araryq :r=1,2,3,..., 7} U{ar@y+1 : T=9,10} U

{arar,1 :r=12,13,14} U {a,ar41 : 7 =16,17,18)} U
{asas, asag, a14a16, azai2, a190a10, A12d18, A2d20, d2d21 }.

Proof. Let w = {my, 7o, 73, w4} Where 71 = {a1} 73 =
{az0}, 73 ={az,ann} and 74 = V(Befayirens) \ {71 U
ma Ums} be a partition resolving set of Befayirenz-

az ag

Fig. 1. Molecular graph of efavirenz.
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Table 2. Identification of each node of B ¢ayirens-

r(ay|m) T T 3 T4 Range

ar r-1 r+1 r+4 or r=1

ar r-1 r-1 6-r 0 r=2,3

ar r-1 r-1 7-r or 4<r=<7
ar r-2 r-6 1 0 r==8

ar r-6 r-6 11-r 8r 9<r=<11
ar r-9 r-9 r-8 0 12<r<15
ar 22-r 22-r 21-r 0 16 <r<18
ar 5 5 2 0 r=19

ar 2 0 5 8 r=20

ar 2 2 5 0 r=21

To prove 7w is a partition resolving number, it is
enough to show that all the vertices {a,; 1 <r < 21}
of B.fairen have unique representations with regard
to . For 1 <r < 21 the representation a, of Beayirens
with regard to 7 are shown in Table 2.

1
=]}

Given identification r(a,|7) each node of efavirenz
of anti-HIV drug structure is unique and fulfills the
definition of partition resolving set. This proved that
the partition resolving number prn(B,fqyirenz) < 4 Of
the graph of efavirenz of anti-HIV drug structure. [J

ifrel,7,11,20
if otherwise

Theorem 3.2. Let Bgecavir be a graph of abacavir
anti- HIV drug structure depicted as a network of
nodes and edges. The total number of nodes in this
structure, referred to as the order, is 21, while the
total number of edges, known as the size, is 24
respectively. Moreover, Fig. 2 shows the molecular

byy

by

Table 3. Identification of each node of Bgpacayir-

r(br|m) 1 T 3 Range
b, r—1 12—r 8 1<r<12
b, 22 —r r—10 0 r=13,14
b, 21 —r r—9 0 r=15,16
b, 6 8 0 r=17
b, r—14 r—9 0 r=18
b, r—14 r—10 0 r=19,20
by 1 ol 0 r=21

2

graph of the abacavir anti-HIV molecular structure
and labeling used to demonstrate our major results.
Then the partition resolving number of Bgpacavir IS
equal to 3. V(Bgpacair) ={br:r=1,2,3,...,21},
EBaacavir) = (brbri1 :7=1,2,3,...,11} U {bybri1) :
r=18,19} U {biob13, bi3zb14, bgb1s, bybis, bisbis,
bsbie, bisb17, bi7b19, babig, babai, biba}.

Proof. Let 7 = {my, 2, w3} where m; ={b1} 7y =
{b12}, and 73 = V(Bgpaeavir) \ {r1 U 2} be a partition
resolving set of Bgpecqir TO prove m is a partition
resolving set, it is enough to show that all the
vertices {b; : 1 <1i < 21} of Bgpacayvir have distinct rep-
resentation with respect to n. For 1 <i <21 the
representation b; of Bgpecqir With respect to 7 are
shown in Table 3.

1
b=

Given identification r(b;|jwr) each node of aba-
cavir of anti-HIV drug structure is unique and
fulfills the definition of partition resolving set. This

ifrel,12
if otherwise

bz

Fig. 2. Molecular graph of abacavir.
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C11

€13

C14

Fig. 3. Molecular graph of lamivudine.

demonstrated that the partition resolving number
Pr(Bgpacavir) = 3 of a graph of abacavir of anti-HIV
drug structure. O

Theorem 3.3. Let Bjgmivudine be a graph of efavirenz
anti- HIV drug structure is depicted as a network of
nodes and edges. In this structure. This structure’s total
number of edges, or size, is 16, while its total number
of nodes, or order, is 15 respectively. Moreover, Fig. 3
shows the molecular graph of the lamivudine anti-HIV
molecular structure and labeling used to demonstrate
our major results. Then the partition resolving
number of Bigmivudiner 1S equal to 3. V(Bigmivudine) =
{erir=1,2,3,...,15}, E (Biamivudine) = {CrCri1
r=1,23,...,7}U{ccry1 :r=11,12} U

{€3¢C9, C9C10, €10C12, €2€11, C6C15, €4C14, C14C15 )

Proof. Let w = {1, w3, w3} where m; = {c1} 72 = {cs},
and 73 = V(Bigmivudine) \ {711 U 2} be a partition re-
solving a set of Bjgmiyugine TO prove m is a partition
resolving set, it is enough to show that all the
vertices {¢;: 1 <r <15} of Bigmiwudine have distinct
representation with respect to 7. For 1 <r < 15 the
representation ¢, of Bjgmiudine With respect to w are
shown in Table 4.
5 — { 1 ifrel,8
"7 | 0 if otherwise

Table 4. Identification of each node of B;gmivudine-

r(crlm) ™ ) 3 Range

Cr r—1 8—r Sr 1<r<8
cr r—6 r-—3 0 r=910
cr r—9 r—4 0 11<r<13
cr r—10 n-r+3 0 r=14,15

Given identification r(c,|7) each node of lamivu-
dine of anti-HIV drug structure is unique and fulfills
the definition of partition resolving set. This shows
that the partition resolving number pln(Bigmivudine) =
3 of the graph of lamivudine of anti-HIV drug
structure. O

Theorem 3.4. The graph Bggayirine anti-HIV drug
structure is represented by a network of nodes and
edges. The entire number of nodes in this structure, also
known as the order is 29, whereas the total number
of edges, also known as the size, is 31 respectively.
Moreover, Fig. 4 shows the molecular graph of the
doravirine anti-HIV molecular structure and labeling
used to demonstrate our major results. Then the
partition resolving number of Bigayirine iS less than
or equal to 4. V(Bgoravirine) = {dr :7=1,2,3,...,29},
EBgoravirine) = {drdr11 :7=1,2,3,...,10} U {d;dyy1 :
r=12,13,14,15,16} U {d,dry; : r = 18, 19, 20} U
{d19d24, d12d22, d22d23, dsd22, d14d1s, d3d12, dgdos,
dasdae, d10dzs, doda7, dadag, dadag, d2adie}
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dZS d26

Fig. 4. Molecular graph of doravirine.

Proof. Let w = {m1, 7o, 73, w4} Where 71 = {d1} 73 =
{d4, dao}, 73 = {d17, d27} and 74 = V(Boravirine) \ {71 U
7o U s} be a partition resolving set of Bgorayirine: TO
prove m is a partition resolving set, it is enough to
show that all the vertices {d; : 1 < r < 29} of Bygravirine
have unique representation with respect to . For 1 <
r < 29 the representation d; of Bgyravirine With respect
to r are shown in Table 5.

1
-

Given identification r(d;| ) each node of doravirine
of anti-HIV molecular structure is unique and fulfills
the definition of partition resolving set. This shows
that the partition resolving number prin(Byorayirine) <

ifrel,4,17,27,29
if otherwise

Table 5. Identification of each node of Byyrayirine-

r(dy|m) T b2 3 T4 Range

dr r—1 3—-r 9—r 8y r=1

dr r—1 3-r 9-r 0 r=2

dr r—1 4-—r 6 0 r=3

d, r—1 4—r 6 Sy r=4

d, r—1 r—4 10 —r 0 5<r<9
d, r—1 r—4 12 —r 0 r=10,11
d- r—9 r—10 17 —r 0 12<r<16
d, r—9 r—10 17 —r 8y r=17

d, r—12 r—13 4 0 r=18

dr r—12 r—13 r—16 0 19<r<21
d- r—18 r—19 r—17 0 r=22,23
dr r—16 r—17 2 0 r=24

dr r—17 r—20 3 0 r=25,26
dr r—18 6 0 or r=27

d, 2 0 8 0 r=28

dr 2 0 8 or r=29

4 of the graph of doravirine of anti-HIV molecular
structure. O

4. Final observation

The findings of this study indicate that efavirenz
and doravirine can split into four subgroups within
their partition-resolving sets, whereas abacavir and
lamivudine show a partition dimension of three. In
order to represent the structures of these antibiotic
HIV molecular graphs, the article investigates the use
of vertex matrices in molecular graph theory. Table 6
provides a further summary.

The partition dimension of antibiotic HIV-drug
structures, including Efavirenz, Abacavir, Lamivu-
dine, and Doravirine, plays a crucial role in their
pharmacokinetics and pharmacodynamics. Under-
standing the partition dimension is essential for
predicting drug behavior within biological systems,
optimizing drug delivery, and enhancing therapeu-
tic efficacy. These drugs exhibit unique structural
features that influence their partitioning behavior,
affecting factors such as absorption, distribution,
metabolism, and excretion. Investigating the parti-
tion dimension of these antibiotic HIV drugs provides

Table 6. Overview of the results.

Graphs Partition resolving number [PRN]
B, favirenz <4

Babacavir 3

Biamivudine 3

Bdoravirine <4
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valuable insights into their biological activity and
aids in the development of more effective treatment
strategies for HIV/AIDS.

5. Conclusion and future studies

In this paper, our investigation into the partition
dimensions of Efavirenz, Abacavir, Lamivudine, and
Doravirine, anti-HIV drug structures, has provided
valuable insights into the molecular characteristics
of these compounds. The partition dimension, as
explored in this study, plays a crucial role in un-
derstanding the distribution and behavior of these
drugs within biological systems. The unique struc-
tural features identified for each drug contribute to
our understanding of their pharmacokinetics and po-
tential implications for therapeutic efficacy.

The exploration of partition dimensions in
Efavirenz, Abacavir, Lamivudine, and Doravirine
opens doors to a deeper understanding of their
molecular behavior. Future research endeavors
should continue to build upon these findings, aiming
to bridge the gap between structural insights and
clinical outcomes, ultimately contributing to the
advancement of anti-HIV drug development and
therapeutic strategies.
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