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Cancer is the rapid proliferation of unwanted cells in the body. Carcinogens are
chemicals that can cause cancer. A carcinogen is a type of chemical compound
found in cigarette smoke. It has the ability to spread to many parts of the body.
Some of the signs and symptoms of this disease include lumps, irregular bleeding,
chronic cough, weight gain or loss, and so on. Tobacco chewing is a major factor in
this deadly disease. Obesity, a poor diet, physical inactivity, and increased alcohol
consumption are also contributing factors. Anticancer drugs are used to treat this
condition. In this work, we studied some anticancer medicines in terms of locat-
ing sets, where a locating set is a set used to resolve the entire atom set of a graph
in a unique way, allowing each atom to be accessed independently. By locating
numbers, a particular resolving set is chosen, and this resolving set, or locating
set, transforms the entire structure into a unique form. This helps in studying the
chemical structure in greater depth and detail. Thus, the locating number helps
to understand the chemical structure more comprehensively. The locating num-
ber is part of resolvability parameters and also plays a role in developing a unique
way to access each node or vertex of a network. When each vertex is easily ac-
cessible with a unique code, working with a network becomes easier. Therefore,
this method makes the structures of anticancer drugs more understandable and
allows researchers to further extend their work on these structures in medical
diagnostics.

1. Introduction

The explosive growth of unwanted cells in the human body is cancer. Symptom substances are
classified as carcinogens. A carcinogen is an organic compound found in cigarette smoke that contains
specific components. It has the ability to spread to other places of the body. Some of the signs and
symptoms of this illness cause a lump, abnormal bleeding, a prolonged cough, weight gain or loss, etc.
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Chewing tobacco is one of the main causes of this cancerous condition. Obesity, poor diet, laziness,
and increased alcohol consumption are all factors. Several treatments for this deadly disease, like
surgery, radiation, and chemotherapy, can be used to treat it. Hormone therapy, targeted therapy,
and other options are available. In these articles [1, 2, 3], anticancer medications are used to treat the
so-called cancer sickness.

In [4], authors discussed some medicinal structures of COVID-19 antiviral disease in terms of graph
theoretical parameters. This work motivates us to study some anti-cancer drugs given in [5], in terms
of some graph theoretical parameters such as metric dimension. For this study, we need some as-
sumptions to take care of before investigations or any type of calculations. In theoretical chemistry,
drug structures are denoted by a molecular graph, an atom of a structure called a vertex, and an edge
labeled from the links between atoms. Let D (A, L) be a molecular graph of drug structure with atoms
set A and links set L. All the chosen graphs or drug structures are simple i.e. without any vertex to it-
self or any edge and without two edges in any two vertices. For further assumptions, basic definitions,
and theoretical study of the molecular graphs we refer to see [6, 7, 8, 9].

1.1 Literature Review

The research work of [10], stated the metric basis of and generalization of windmill graphs. In
[11], authors studied the metric dimension graph’s modified form and defined this attribute using two
variables. In [12], authors computed metrics and their upper bounds on some generalized families of
graphs. In [13], authors discussed the generalization and concept of metric in polycyclic hydrocarbons.
In [14], the Rooted product was used to create the symmetric graphs generated by the author, along
with metrics and their generalizations were explored. In [15], authors give the idea of generalization
and metric dimension in Hollow Coronoid. In [16], in particular, creators derived metric parameters
for the structure of quartz without taking into account the pendant nodes beyond the circle provided
a way to determine the resolvability of quartz structure. In [17], authors detail the rough graphs on the
topics of metric dimensions and their generalized parameters. In [18], authors discussed hereditary
bipartite and computing the metric basis of this generalized class of complex networks. From [19],
authors gave the idea of pseudo-valuation on KU-algebras and investigated, The relationship between
pseudo-valuations and KU-algebras and their generalizations. More recent articles on chemical net-
works and metric parameters of different chemical structures and networks are available in [20, 21,
22, 23, 24, 25, 26, 27, 28]. Some interesting results can be found in [29, 30, 31].

1.2 Methodology: Preliminaries and Background

In this section, we will discuss the methodology of our chosen topic in the form of pure mathemat-
ical definitions. The very first, the locating set is laid down its foundation by Slater in 1975 [32], and
later two independent researchers Melter and Harary 1976 renamed this parameter from locating set
to resolving set by Harary et al. in [33]. For more advance study of this topic we refer to see [34, 35,
36, 37, 38] and its applications one can see [39, 40, 41, 42]. After the applied study of this topic, in
2000 Chartrand again renamed this parameter for pure graph theoretical study and called as metric
basis [43, 44]. Now given below are the basic and necessary concepts of this study.

Definition 1.1. In [4]“ Suppose D (A (D), L (D)) is a chemical structure of undirected graph with
A (D) is called as set of principal nodes (vertex set) and the set of branches (edge set) is L (D). The
principal nodes v;,v2 € A (D), of distance is denoted as d (vq, v2) is the minimum count of branches
between v; — v, path.”

Definition 1.2. In [4] “Suppose R C A (D) is the subset of principal nodes set and defined as R =
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Fig. 1. Flowchart of metric dimension

{v1,v9,...,vs}, and let a principal node v € A (D). The identification or locations r(v|R) of a prin-
cipal node v with respect to R is actually a s—ordered distances (d(v,v1),d(v, v), ..., d(v,vs)). If
each principal node from A (D) have unique identification according to the ordered subset R, then
this subset renamed as a resolving set of network D. The minimum numbers of the elements in the
subset R is actually the metric dimension of D and it is denoted by the term dim (D) .”

For further understanding its flowchart given in the Figure 1.

Due to its vast applied look and usage, there are many abstract applications are also found since
1975, such as combinatorial optimization by Sebo and Tainner in [45], robot roving by Khuller et al.
in [46], complicated games, image processing, pharmaceutical chemistry, the polymer sector, and the
electric field are just a few areas where the metric dimension is used. One can find all of these applica-
tions in [47, 48] by Nadeem et al. and Ahmad et al. Robot roving is related to the idea of applications
of a set of vertices partitioning according to metrics, whereas the Djokovic Winkler relationship [49],
network identification and confirmation, chemistry [50], Puzzles with argument [51], the dimensions
of a structure are relevant for visual analyzing, pattern identification, and complex data structures
[52]. There is some other interesting literature and links to the application [53].

In the above literature, one can see that all the work is on either general graphs or on the chem-
ical networks. There is no work on the disease or medicinal based structures, therefore we choose
to work on the anticancer disease structures. We have chosen molecular graphs of Amathaspiramide
E, Carmustine, Caulibugulone E, Aspidostomide E, Convolutamide A, Convolutamine F, Convolutamy-
dine A, Perfragilin A, Melatonin, and Tambjamine K medicinal structures to study metric dimension of
locating numbers.

1.3 Application of resolving sets in chemistry

Enantiomers, which are chiral compounds that exist as mirror images of each other, are separated
in chemistry using resolving sets, also known as resolving agents or resolving reagents. It is feasible
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to separate individual enantiomers from a racemic mixture (a 50:50 mixture of both enantiomers)
utilising resolving sets. Here are some chemistry examples where resolving sets is used:

Resolving sets are frequently employed in chiral chromatography, a method that divides enan-
tiomers according to how they interact with a chiral stationary phase. As the mixture moves through
the column, the enantiomers interact differently with the chiral stationary phase, causing their sepa-
ration. The resolving set is then added to the mobile phase.

Resolving sets are used in enantioselective synthesis to synthesise a chiral compound’s single enan-
tiomer with high selectivity. A resolving set can be used as a catalyst or reagent to regulate the stere-
ochemistry of a reaction and produce a certain enantiomer. Resolving sets can be used to separate
the enantiomers during the crystallisation process. The resolving set preferentially interacts with one
enantiomer, enabling its separation from the racemic mixture, by creating diastereomeric salts or co-
crystals with it.

Derivatization: To transform enantiomers into diastereomers, which have different physical char-
acteristics, derivatization procedures frequently use resolving sets. The resulting diastereomers can
be divided according to their various characteristics, such as solubility or boiling point, by treating the
racemic mixture with a resolving set. Nuclear magnetic resonance (NMR) spectroscopy: Resolving
sets can be used to distinguish between enantiomers. The enantiomeric makeup of a mixture can
be determined by creating diastereomeric compounds with the resolving set because the resulting
diastereomers’ NMR spectra show unique signals.

These are only a few instances of how resolving sets are used in chemistry. The nature of the enan-
tiomers and the preferred separation technique determine the precise choice of resolving set.

In this study, we looked at a few anti-cancer drugs from the perspective of locating sets, which are sets
that organise the whole set of atoms in a graph in a way that makes it possible to access each atom
separately. A specific resolving set is picked by locating numbers, and this resolving set or locating
set transforms the entire structure into a distinctive shape, making it easier to examine the chemical
structure in greater depth and detail. So, we may conclude that the locating number aids in a more
thorough and detailed understanding of the chemical structure.

2. Main Results: Anticancer Drugs and their Locating sets

The discipline of finding and developing anticancer drugs can benefit from the use of graph theory,
a part of mathematics. Several applications of graph theory to anticancer medications are listed below:

Molecular graphs: The structure of molecules, including anticancer medications, can be repre-
sented and examined using graph theory. Atoms and chemical bonds are represented as vertices and
edges, respectively, in the molecular graph theory. Researchers can investigate the molecular connec-
tivity, symmetry, and characteristics of anticancer medications by using graph algorithms and metrics.
This knowledge can help in understanding how they interact with biological targets and making pre-
dictions about how effective they will be.

Drug-Target Interaction Networks: Graph theory can be employed to construct and analyze drug-
target interaction networks. In these networks, nodes represent drugs and targets (e.g., proteins or
receptors), while edges represent interactions between them. Graph algorithms can be applied to
identify key targets, predict drug-target interactions, and uncover potential therapeutic targets for
anticancer drugs. This network-based approach facilitates the exploration of complex relationships
between drugs, targets, and pathways.

Drug Combinations: Combination therapy, which combines several medications to increase effec-
tiveness and combat drug resistance, is a frequent technique in the treatment of cancer. Drug-drug
interaction networks, where nodes stand for individual drugs and edges for interactions (such as syner-
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gistic or antagonistic effects), can be analysed using graph theory. Graph algorithms can predict syn-
ergistic medication pairs, analyse network connectivity, identify subgraphs, and determine the best
drug combinations. Pharmacophore Modelling: Pharmacophore modelling entails finding important
molecular characteristics accountable for a drug’s interaction with a target. Researchers can anal-
yse spatial correlations, pinpoint crucial characteristics, and create structure-activity relationships for
anticancer medications by visualising the pharmacophore as a graph. This information is useful for
designing and perfecting novel medication candidates.

treatment Resistance Analysis: Graph theory can be used to understand the mechanisms under-
lying treatment resistance in cancer. Researchers can learn more about the underlying resistance
mechanisms by building molecular interaction networks involving drug-resistant proteins, genetic al-
terations, and signalling pathways. The creation of new anticancer methods can be aided by the iden-
tification of key nodes or pathways implicated in drug resistance through graph-based research. These
examples show how graph theory can be used to research anticancer medications, comprehend their
mechanisms of action, and enhance the drug discovery and development processes by offering in-
sightful analyses and computational tools.

We labelled the molecular graph of Amathaspiramide E drug with D;. The Amathaspiramide E
is one of an anticancer drug with molecular formula C'5 H4Br2N2O3, and with molecular weight is
432.11. In graph theoretical study its order (or count of atoms) is D; = 22 and the size (or count of
links) is D; = 24. The atom and links sets of D, as displayed just below. Moreover, the Figure 2, shows
the graph of molecules of Amathaspiramide E.

ADy) ={ve : ¢ =1,2,...,22},
L(Dl) :{UCUC—H . C = 1, 2, ce ,6, 8, 9, N 14} U {U11U157
V11V16, UgV16, UsUV12, UsV19, V13V20, V14V21, U15V22,

U1V17, V3U1s, U2717}-
Theorem 2.1. Let Dy be a molecular graph of Amathaspiramide E anticancer drug. Then dim(D;) is
equal to two.

Proof. To show that dim(D;) = 2, suppose a locating set R = {vg, v19}. Using the Definition 1.1 to see
the shortest distances and then arranging in the form given in the Definition 1.2, we constructed the
following representations of the entire vertex set of (D), whichis r(v¢|R) = (d(v¢, vs), d(v¢, v19)).
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V22

Fig. 2. Molecular graph of Amathaspiramide E with its resolving atoms

r(ve|R)

;

(8—¢,6—-¢),
(10-¢,6-¢),
(10-¢,¢—4),
(5,¢ —4),

(€ —38,6),
(C—8,15-(),
(€ —9,15¢),
(€—9,4),

(18 = ¢,5),
(8,6),

(8,4),

(25 -¢,0),

(25 —¢,5),

| (26 —¢,6),

if¢( =1,2;
if( =3,4,5;
if ( = 6;

it¢ =",

if( =8§;

if ( =9,10;
if ¢ =11,12;
if ( = 13;
if ¢ = 14,15, 16;
if( =17,

if ( =

if ( = 19;

if ¢ = 20;

if ( =21,22;

As a result, it follows in the form of a demonstration of the facts stated above that dim(D;) < 2 since
each and every vertex of (D;) contain the distinctive representations for resolving set R. Instead of
bound, we will now use the contradiction approach for exactness, implies dim(D;) > 2, which is
dim(D;) = 1. It is not true, because the only the path graph allows for metric dimension one. and
chosen graph is not a path graph. So, dim(D;) = 2, which is required result. O
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Fig. 3. Molecular graph of Carmustine with its resolving atoms

We labelled the molecular graph of Carmustine drug with Ds. The Carmustine is one of an anti-
cancer drug, in graph theoretical study its order (or count of atoms) is D, = 12 and the size (or count
of links) is Dy = 11. The atom and links sets of D, are given below. In addition, the Figure 3, shows
the chemical model of Carmustine.

A(Dy) ={ve: ¢ =1,2,...,12},
L(Dg) :{UCU<+1 . C = 1, 2, e ,8, 10} U {U51)12, U4U10}.

Theorem 2.2. Let D, be a molecular graph of Carmustine anticancer drug. Then dim(D) = 2.

Proof. To prove that dim(D;) = 2, assume a locating set R = {v3, v12}. Using the Definition 1.1 to see
the shortest distances and then arranging in the form given in the Definition 1.2, we constructed the
following representations of the entire vertex set of (D), whichis r(v¢|R) = (d(v¢, v3), d(ve, v12)).

((3-¢,6-0), if(=1,2,3;
(—3,6-C), if{=4,5;

(
s, ic=13809
rlvcl) = 2, c 7), it ¢ = 10;
(3,¢—17), it ¢ = 11:
\(3,0), it = 12:

As a result, it follows in the form of a representation from the reasons above that dim(D;) < 2 as
a result of all the vertex (D) are represented in an distinctive way with in terms of resolving set R.
Instead of bound, we will now use the contradiction approach for exactness, implies dim(D,) > 2,
which is dim(D5) = 1. It is not true, due to the fact that the path graph is the only metric dimension
one that may exist and chosen graph is not a path graph. So, dim(D5) = 2, which is required result.

[

We labelled the molecular graph of Caulibugulone E drug with D5. The Caulibugulone E is one of
an anticancer drug, in graph theoretical study its order (or count of atoms) is D3 = 14 and the size (or
count of links) is D3 = 15. The atom and links sets of D5 are shown below. Meanwhile, the Figure 4,
showing a chemical structure of Caulibugulone E.

A(D;) ={ve: ¢ =1,2,...,14},
L(D3) :{UCUC+1 (=12,..., 11} U {U4U14,U3U127U5U10,

0111}13}-
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V13

Fig. 4. Molecular graph of Caulibugulone E with its resolving atoms

Theorem 2.3. Let D3 be a molecular graph of Caulibugulone E anticancer drug. Then dim(D3) = 2.

Proof. To prove that dim(D3) = 2, a locating set is assumed R = {vy,v13}. Using the Definition 1.1
to see the shortest distances and then arranging in the form given in the Definition 1.2, we constructed
the following representations of the entire vertex set of (D3), whichis r(v¢|R) = (d(v¢, v1), d(ve, v13)).

(—1,6-¢), if¢=1,23;
¢—1,4), if ¢ = 4;
(—1,(-2), if¢(=56,T;
(—1,12-¢), if¢(=8
15— ¢, 12—¢), if¢ =9,10,11;
15—¢,2), if ¢ = 12;

18 — ¢,0), if ¢ = 13;

18 — (,5), if ¢ = 14;

As aresult, it follows in the form of a representation for all the explanations previously stated, dim(D3) <
2 due to the fact that all of the vertices of (D3) are represented in a unique way with regard to re-
solving set R.Instead of bound, we will now use the contradiction approach for exactness, implies
dim(Ds3) > 2, which is dim(D3) = 1. It is not true, because the one metric dimension is only pos-
sible of the path graph and chosen graph is not a path graph. So, dim(D3) = 2, which is required
result. [

We labelled the molecular graph of Aspidostomide E drug with D,. The Aspidostomide E is one of
an anticancer drug, in graph theoretical study its order (or count of atoms) is D, = 26 and the size
(or count of links) is D, = 29. The atom and links sets of D, you'll find them below. Additionally, the
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V18

V17
V19

Fig. 5. Molecular graph of Aspidostomide E with its resolving atoms

Figure 5, shows the molecular graph of Aspidostomide E.
A(D4) :{UC : C = 1,2, c. ,26},
L(D4) :{UCUC‘H : C = 1, 2, Ceey 10, 12, 13, ey 19} U {Ug’Ull,
UsV22, U7VU23, UgU24, U9V25, UgU10, V11V15, V16V26,

V14018, V12021, ’0127120}

Theorem 2.4. Let D, be a molecular graph of Aspidostomide E anticancer drug. Then dim(D,) = 2.

Proof. To obtained that dim(D,) = 2, consider a locating set R = {v91, v95 }. Using the Definition 1.1
to see the shortest distances and then arranging in the form given in the Definition 1.2, we constructed
the following representations of the entire vertex set of (D), whichis r(v¢ | R) = (d(ve, va1), d(ve, va5)).

9—-¢,7-C), if¢=1,2,3;

(+3,9-(), if ¢ =4,5;

¢(+1,9-)), if ( = 6;

(+1,10-¢), if(=r,

16 —¢,10—-¢), if¢=38,9;

16 — ¢, —38) if ¢ =10,11;
r(0e| R) = ¢—11,19 i , ig;izfl&..l&

22— (,(—11), if¢=17;
22— (,(—12), if¢ = 18,19, 20;
0,8), if ¢ = 21;
9,27 - (), if ¢ = 22,23, 24:
8,0), if ¢ = 25;
6,6), if ¢ = 26;
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V28

Fig. 6. Molecular graph of Convolutamide A with its resolving atoms

The representation that results from the above-mentioned causes is that dim(D,) < 2 since each
of the vertices of (D,) have the unique representations with respect to resolving set R. Instead of
bound, we will now use the contradiction approach for exactness, implies dim(D4) > 2, which is
dim(D,) = 1. Itis incorrect because the chosen graph is not a path graph and the metric dimension
1 only is feasible for path graphs. So, dim(D4) = 2, which is required result. O

We labelled the molecular graph of Convolutamide A drug with Ds. The Convolutamide A is one
of an anticancer drug, in graph theoretical study its order (or count of atoms) is D5 = 31 and the size
(or count of links) is D5 = 32. The atom and links sets of D5 appear below. Additionally, the Figure 6,
shows the molecular graph of Convolutamide A.

A(Ds) ={ve: ¢ =1,2,...,31},
L(D5) ={vcvesr 1 C=1,2,...,5,6,...10,12,13 ..., 24}
U {v1v30, 01U, UgUag, UsUa2s, V3V11, U11V27, V1026,

U711, V9V12, U12031}-

Theorem 2.5. Let D5 be a molecular graph of Convolutamide A anticancer drug. Then dim/(Ds) = 2.

Proof. To provethat dim(Ds5) = 2,assume alocating set R = {v11, v12}. Using the Definition 1.1to see
the shortest distances and then arranging in the form given in the Definition 1.2, we constructed the
following representations of the entire vertex set of (D5), which is 7(v¢|R) = (d(v¢, v11), d(ve, v12)).

((3,0), if¢ = 1;
(6—¢,0), if ¢ =2,3,4;
(6-C8-C), if¢=5
(C—4,8-C), if¢=6;

r(ve|R) =< (C—4,(—2), if¢=178,...,10;
(0,4), if ¢ = 11;
(4,0), if ¢ = 12;
(19— ¢, 17 =), if¢ =13, 14;
(19 — ¢, 4), if ¢ = 15;

\

As a result, It follows as a justification based on the above-mentioned metrics that dim(Ds5) < 2
because every vertices of (D5) have distinct representations for resolving sets R. Instead of bound, we

53



Spectrum of operational research
Volume 1, Issue 1 (2024) 44-63

Fig. 7. Molecular graph of Convolutamine F with its resolving atoms

will now use the contradiction approach for exactness, implies dim(Ds) > 2, which is dim(Ds) = 1.
It is not true,because only the path graph can support the metric dimension one and chosen graph is
not a path graph. So, dim(Dj;) = 2, which is required result. O

We labelled the molecular graph of Convolutamine F drug with Dg. The Convolutamine F is one
of an anticancer drug, in graph theoretical study its order (or count of atoms) is Dg = 15 and the size
(or count of links) is Dg = 15. The sets of linkages and atoms for Dg are displayed below. The Figure
7, also displays the chemical graph of Convolutamine F.

A(Dg) ={vc: ¢ =1,2,...,15},
L(DG) :{UCUCJrl . C = 17 27 ) 57 77 87 9a 13} U {U1U12, V2V14,

V3V15, UV4U7, UsV11, UIUG}-

Theorem 2.6. Let Dg be a molecular graph of Convolutamine F anticancer drug. Then dim(Dg) = 2.

Proof. To prove that dim(Dg) = 2, assume a locating set R = {v;, v1; }. Using the Definition 1.1 to see
the shortest distances and then arranging in the form given in the Definition 1.2, we constructed the
following representations of the entire vertex set of (Ds), which is 7(v¢|R) = (d(v¢, v1), d(v¢, v11)).

((6—¢,C+1), if¢=1,2,...,4;
IC=7,¢+1), (=5

(
(
r(ve|R) = EK 7,13-¢), if¢=6,7,...,13;
(
(

4), if ( = 14;
18— (,6), if ¢ =15
(18 - ¢, 8), if ¢ = 16:

As aresult, it follows in the due to the fact that all of the vertices of "( D) have unique representations
with respect to the resolving set R, it can be concluded from the above justifications that dim(Dg) < 2.
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V13 Vie

V7

Vi1 Vo
Fig. 8. Molecular graph of Convolutamydine A with its resolving atoms

Instead of bound, we will now use the contradiction approach for exactness, implies dim(Dg) > 2,
which is dim(Dg) = 1. It is not true, since the chosen graph is not a path graph and the metric
dimension one is only possible for the path graph. So, dim(Dg) = 2, which is required result. O

We labelled the molecular graph of Convolutamydine A drug with D-. The Convolutamydine A is
one of an anticancer drug, in graph theoretical study its order (or count of atoms) is D; = 16 and the
size (or count of links) is D; = 18. The atom and links sets of D;appear below. Additionally, Figure 8,
displays the chemical graph of Convolutamydine A.

A<D7) :{UC . C = 1, 2, NN 16},
L(D7) :{U<UC+1 . C = 1, 2, ceey 12} U {U2U147 V415, UgV16,

V310, V4Vs, U1U12}-

Theorem 2.7. Let D be a molecular graph of Convolutamydine A anticancer drug. Then dim(D-) = 2.

Proof. To prove that dim(D;) = 2,assume alocating set R = {v;5, v16}. Using the Definition 1.1to see
the shortest distances and then arranging in the form given in the Definition 1.2, we constructed the
following representations of the entire vertex set of (D7), which is r(v¢|R) = (d(v¢, v15), d(ve, v16)).

((10-¢,4-¢), ifc=1,2
(10 — ¢, 0), if ¢ =3,4,5;
(¢, €), if ¢ = 6;
(¢,13-¢), if¢="7;

r(ve|R) =14 (C—1,13—(), if¢=238,9;
(14— ¢, ¢ —4), if¢=10,11,...13;
(2,(—4), if ¢ = 14;
(0,10, if ¢ = 15;
((-T717T-0¢), if¢=16;

L/\r
\]

As aresult, it follows in the form of a representation derived from all of the above factors dim/(D7) < 2
due to the fact that each and every vertex of (D7) has a unique representation in terms of the resolving
set R. Instead of bound, we will now use the contradiction approach for exactness, implies dim(D7) >
2, whichis dim(D7) = 1. The metric dimension one is only conceivable for path graphs, which chosen
graph is not, hence this statement is invalid. So, dim (D7) = 2, which is required result. O
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V12 V13

Vie

Fig. 9. Molecular graph of Perfragilin A with its resolving atoms

We labelled the molecular graph of Perfragilin A drug with Dg. The Perfragilin A is one of an anti-
cancer drug, in graph theoretical study its order (or count of atoms) is Dy = 17 and the size (or count
of links) is Dg = 18. Described below are the Dg atom and link sets. Moreover, Figure 9 displays the
chemical graph of Perfragilin A.

A(Dg) ={vc : ¢ =1,2,...,17},
L(Dg) ={vcvesr : ¢ =1,2,...,9,11} U {vyv11, v1010, V213,

U5V14, VgV15, V9V16, V10V17, U:Ws}-

Theorem 2.8. Let Dg be a molecular graph of Perfragilin A anticancer drug. Then dim(Ds) = 3.

Proof. To prove that dim(Dg) = 3, consider a locating set R = {wi3,v15,v16}. Using the Defi-
nition 1.1 to see the shortest distances and then arranging in the form given in the Definition 1.2,
we constructed the following representations of the entire vertex set of (Dg), which is r(v¢|R) =
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(d(vg, v13), d(ve, vi5), d(vg, vi6))-

;

(2,7—¢.C+2), if ¢ = 1;
C—=1,7-¢C+2), if¢=2
C-1,7-¢), if ( =3,4,5;
(-1,7-¢10-¢), if(=6;
(11-¢,¢=5,10—¢), if(=7,8;
(13—-¢,¢— 510-@, if ( = 9;
r(vg|R) = § (13 =¢,¢=5,2), if ¢ = 10;
¢-9,¢(— 45 7, if¢=11,12
(0,6, —8), if ¢ = 13;
(5,3¢ = 8), if ¢ = 14;
(21 —¢,0,5), if ¢ = 15;
(21— ¢, ¢ —11,0), if ¢ = 16;
[ (21— ¢, ¢ —11,3), if ( = 17;

As a result, it follows in the form of a representation from the reasons above that dim(Ds) < 3
because each of the (Ds) vertices has an individual representation with regard to the resolving set R.

Currently, we are able to show this dim(Dsg) > 3.In the case of contradicting, we suppose dim(Dg) =
2. Consider the resolving set R’ for this with cardinality 2. The discussion that follows for this suppo-
sition.
Case: Assuming R’ = {v,v2}. When it has cardinality 2. The same representation are; r (vi3|R') =
r (vy5|R') . Similarly, by taking any possible subset from the atom set of Perfragilin A, the situation
becomes: let (v, |R') = 7(vs|R') if and only if d(v,, vg) = 2. This concludes that dim(Dg) = 3. [

We labelled the molecular graph of Melatonin drug with Dgy. The Melatonin is one of an anticancer
drug, in graph theoretical study its order (or count of atoms) is Dy = 17 and the size (or count of links)
is Dy = 18. The atom and links sets of Dy listed below. Additionally, Figure 10 displays the chemical
networks of Melatonin.

A(Dy) ={vc: ¢ =1,2,...,17},
L(Dg) :{UCUC'H : C = 1, 2, ce 78, 9, ceey 13, 16} U {U13U15,

V4Usg, V2V16, U1V9, 05010}-

Theorem 2.9. Let Dqy be a molecular graph of Melatonin anticancer drug. Then dim(Dg) = 2.

Proof. To show that dim(Dy) = 2, suppose a locating set R = {wy, v17}. Using the Definition 1.1 to see
the shortest distances and then arranging in the form given in the Definition 1.2, we constructed the
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Fig. 10. Molecular graph of Melatonin with its resolving atoms

following representations of the entire vertex set of (Dy), which is r(v¢|R) = (d(v¢, v2), d(ve, v17)).

;

(IC—2,12—¢), it¢=1,2,3:
(2,64 ¢), if¢ = 4,5
(¢ —4,8), if¢=6,T:
(C—4,15—-¢), if¢=8
(13—, 15—¢), it¢=09;
rlvclk) = (13— ¢,7), if ¢ = 10:
(C—6,16—(), it¢—=11,12,...15:
(10,2), if ¢ = 16:
(10,0), it =17;
((C—13,¢C—10), if¢=1819,

As a result dim(Dgy) < 2, it follows in the form of a representation from the arguments mention in
above, considering the resolving set R, each vertex of (Dy) has a distinctive representation. Instead
of bound, we will now use the contradiction approach for exactness, implies dim(Dy) > 2, which
is dim(Dg) = 1. It is incorrect since the chosen graph is not a path graph, which must exist for the
presence of the metric dimension 1. So, dim/(Dy) = 2, which is required result. ]

We labelled the molecular graph of Tambjamine K drug with D;,. The Tambjamine K is one of an
anticancer drug, in graph theoretical study its order (or count of atoms) is Do = 19 and the size (or
count of links) is D, = 20. It is shown in below the links sets and atom of D;,. Further, the Figure 11,
shows the chemical structure of Tambjamine K.

A(Dlo) :{UC : C = 1,2, ey 19},
L(Dyo) ={vcvepr s C=1,2,...,4,6,7,...,9,11,12, ...,

15,18} U {105, v306, UgU10, UsU1s, VoV11, V15V17 }-

Theorem 2.10. Let Dy be a molecular graph of Tambjamine K anticancer drug. Then dim(D1o) = 2.

Proof. To show that dim (Do) = 2, suppose a locating set R = {vy, v17}. Using the Definition 1.1 to
see the shortest distances and then arranging in the form given in the Definition 1.2, we constructed
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Vs V4

Fig. 11. Molecular graph of Tambjamine K with its resolving atoms

the following representations of the entire vertex set of (D), whichisr(v¢|R) = (d(v¢, v1), d(ve, vi7)).

€8-0). =123
(.C+2), if¢ = 4
8—C,C+2),  if¢=5,6
(C—2,11— g) ifC=7.8:
(15-C11-0), ifC=0
r(ve|R) = < (15 — ¢, C 7, if¢=10,11;
(C—5,a1), it =12,13,...25;
(32— ¢, ¢ —22), if¢ = 26,2T;
(32— ¢, ¢ —20), if¢ = 28,29;
( J ) if ¢ = 30;
\( J ) if ¢ = 31;

As a result, it follows in the form of a representation from the reasons above that dim (Do) < 2
because all the vertices of (D;o) have the unique representations with respect to resolving set R.
Instead of bound, we will now use the contradiction approach for exactness, implies dim(Dyg) > 2,
which is dim(Dyo) = 1. It is false due to the chosen graph is not a path graph, which is required for
the metric dimension one to exist. So, dim(Dyg) = 2, which is required result. ]

3. Conclusion and Discussion

To cure cancer disease anticancer medications are being used. In this work, we studied some of
the anticancer medications in terms of locating set, where locating set is a set to settle the entire atom
set of a graph into a unique way to access each atom independently. Additionally, the key outcomes’
summary is provided as: the Amathaspiramide E, Carmustine, Caulibugulone E, Aspidostomide E, Con-
volutamide A, Convolutamine F, Convolutamydine A, Melatonin, and Tambjamine K has two metric
dimensions while the only one drug which is Perfragilin A containing three elements in their resolving
set.

There are few limitations of this work, like Computational Complexity: Certain locating numbers or
computational models may exhibit significant computational complexity, rendering them unfeasible
for handling extensive datasets or real-time applications. In fuzzy graph theory, generalized classes of
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graphs are very complex to compute the locating numbers. It took very complex modeling and time
as well.

There are many medicinal structures available for cancer disease. One can choose a few structures
and develop its graphs and work the locating numbers of those developed graphs. There are many
locating numbers like fault-tolerant locating number, edge locating number and many others, one can
study these numbers as well on these chosen structures.

Acknowledgement

This research was not funded by any grant.
Conflicts of Interest

The authors declare no conflicts of interest.
References

[1] Figuerola, B. Avila, C. (2019). The phylum bryozoa as a promising source of anticancer drugs.
Marine Drugs, 17(8), 477. https://doi.org/10.3390/md17080477

[2] Gao, W. Wang, W. F. Farahani M. R. (2016). Topological indices study of molecular structure in
anticancer drugs. Journal of Chemistry, 2016(1), 3216327. https://doi.org/10.1155/2016/3216327.

[3] Kumar, S. Ahmad, M. K. Waseem, M. Pandey A. K. (2015). Drug targets for cancer treatment: an
overview. Medicinal Chemistry, 5(3), 115-123. https://doi.org/10.4172/2161-0444.1000252.

[4] Khabyah, A. A. Jamil, M. K. Koam, A. N. A. Javed, A. Azeem M. (2022). Partition dimension of
COVID antiviral drug structures. Mathematical Biosciences and Engineering, 19(10), 10078-10095.
https://doi.org/10.3934/mbe.2022471.

[5] Shanmukha, M. C. Basavarajappa, N. S. Shilpa, K. C. Usha A. (2020). Degree-based
topological indices on anticancer drugs with QSPR analysis. Heliyon, 6(6), 04235.
https://10.1016/j.heliyon.2020.e04235.

[6] Azeem, M. Jamil, M. K. Javed, A. Ahmad A. (2022). Verification of some topological in-
dices of Y-junction based nanostructures by M-polynomials. Journal of Mathematics. https://
10.1155/2022/8238651.

[7] Azeem, M. Imran, M. Nadeem M. F. (2021). Sharp bounds on partition di-
mension of hexagonal Modbius ladder. Journal of King Saud University-Science.
https://doi.org/10.1016/j.jksus.2021.101779.

[8] Azeem, M. Anwar, S. Jamil, M. K. Saeed, M. Deveci, M. (2024). Topological Numbers of Fuzzy Soft
Graphs and Their Application. Information Sciences. https://doi.org/10.1016/j.ins.2024.120468.

[9] Koam, A. N. A. Azeem, M. Ahmad, A. Masmali I. (2024). Connection Number-
based Molecular Descriptors of Skin Cancer Drugs. Ain Shams Engineering Journal.
https://doi.org/10.1016/j.asej.2024.102750.

[10] Singh, P. Sharma, S. Sharma, S. K. Bhat V. K. (2021). Metric dimension and edge metric dimension
of windmill graphs. AIMS Mathematics, 6(9), 9138-9153. https://doi.org/10.3934/math.2021531.

60



Spectrum of operational research
Volume 1, Issue 1 (2024) 44-63

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Estrada-Moreno, A., Yero, |. G., Rodriguez-Velazquez, J. A. (2021). On the (k,t)-metric dimension
of graphs. The Computer Journal, 64(5), 707-720. https://doi.org/org/10.1093/comjnl/bxaaco9.

Pirzada, S. Aijaz M. (2021). On graphs with same metric and upper dimen-
sion. Discrete = Mathematics, Algorithms and  Applications, 13(2), 2150015.
https://doi.org/10.1142/51793830921500154.

Azeem, M. Nadeem M. F. (2021). Metric-based resolvability of polycyclic aromatic hydrocarbons.
The European Physical Journal Plus, 136(4), 1-14. https://doi.org/10.1140/epjp/s13360-021-01399-
8.

Imran, S. Siddiqui, M. K. Imran, Hussain M. (2018). On metric dimensions of symmetric graphs
obtained by rooted product. Mathematics, 6(10). https://doi.org/10.3390/math6100191.

Koam, A. N. Ahmad, A. Abdelhag, M. E. Azeem M. (2021). Metric and fault-
tolerant metric dimension of hollow coronoid. IEEE Access, 9, 81527-81534.
https://doi.org/10.1109/ACCESS.2021.3085584.

Koam, A. N. Ahmad, A. Alatawi, M. S. Nadeem, M. F. Azeem M. (2021). Computation of
metric-based resolvability of quartz without pendant nodes. IEEE Access, 9, 151834-151840.
https://doi.org/10.1109/ACCESS.2021.3126455.

Anitha, K. Devi, R. A. Munir, M. Nisar, K. S. (2021). Metric dimension of rough
graphs. International Journal of Nonlinear Analysis and Applications, 12, 1793-1806.
https://doi.org/10.22075/1JNAA.2021.5891.

Moscarini M. (2021). Computing a metric basis of a bipartite distance-hereditary graph. Theoret-
ical Computer Science, 900, 20-24. https://doi.org/10.1016/j.tcs.2021.11.015.

Koam, A. N. Haider, A. Ansari M. A. (2019). Pseudo-metric on KU-algebras. The Korean Journal of
Mathematics, 27(1), 131-140. https://doi.org/10.11568/kjm.2019.27.1.131.

Ahmad, A. Baca, M. Sultan S. (2019). On Metric Dimension and Minimal doubly resolving sets of
Harary graph. Acta Mathematica Universitatis Comenianae, 89, 123-129, 2020.

Ahmad, A. Baca, M. Sultan S. (2020). Computing the metric dimension of Kayak Pad-
dles graph and Cycles with chord. Proyecciones journal of mathematics, 39(2), 287-300.
https://doi.org/10.22199/issn.0717-6279-2020-02-0018.

Ahmad, A. Bav, M. Sultan S. (2018). Minimal doubly resolving sets of Necklace graph. Mathemat-
ical report, 20(70), 123-129.

Vetrik, T. Ahmad A. (2017). Computing the metric dimension of the categorial prod-
uct of graphs. International Journal of Computer Mathematics, 94(2), 363-371.
https://doi.org/10.1080/00207160.2015.1109081.

Ahmad, A. Sultan, S. (2017). On minimal doubly resolving sets of circulant graphs. Acta Mechanica
Slovaca, 20(1), 6-11. https://doi.org/10.21496/ams.2017.002.

Raza, H. Hayat, S. Pan, X. F. (2019). On the fault-tolerant metric dimension of certain
interconnection networks. Journal of Applied Mathematics and Computing, 60, 517-535.
https://doi.org/10.1007/512190-018-01225-y.

61



Spectrum of operational research
Volume 1, Issue 1 (2024) 44-63

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Raza, H. Hayat, S. Imran, M. Pan, X. F. (2019). Fault-tolerant resolvability and extremal structures
of graphs. Mathematics, 7(1), 78. https://doi.org/10.3390/math7010078.

Raza, H. Hayat, S. Pan, X. F. (2018). On the fault-tolerant metric dimension of convex polytopes.
Applied Mathematics and Computing, 339, 172-185. https://doi.org/10.1016/j.amc.2018.07.010.

Koam, A. N. A., Ahmad, A., Ali, S., Jamil, M.K., Azeem, M. (2024). Double Edge
Resolving Set and Exchange Property for Nanosheet Structure, Heliyon, 10(5), €26992,
https://doi.org/10.1016/j.heliyon.2024.e26992.

Bukhari, S., Jamil, M.K., Azeem, M., Swaray, S. (2024). Honeycomb Rhombic Torus Vertex-Edge
Based Resolvability Parameters and its Application in Robot Navigation, IEEE Access, 12, 23751 -
23757. https://doi.org/10.1109/ACCESS.2024.3359916.

Azeem, M. (2023). Cycle-Super Magic Labeling of Polyomino Linear and Zig-Zag Chains. Journal
of Operations Intelligence, 1(1), 67-81. https://doi.org/10.31181/jopi1120235 .

Shanmukha, M. C., Ismail, R., Gowtham, K. J., Usha, A., Azeem, M., Al-Sabri, E. H.
A. (2023). Chemical applicability and computation of K-Banhatti indices for benzenoid hy-
drocarbons and triazine-based covalent organic frameworks. Scientific Reports, 13(1), 17743.
https://doi.org/10.1038/541598-023-45061-y.

Slater P. J. (1975). Leaves of trees: Proceeding of the 6th Southeastern Conference on Combina-
torics, Graph Theory, and Computing. Congressus Numerantium, 14, 549-559.

Harary, F. Melter R. A. (1976). On the metric dimension of a graph. Ars Combinatoria, 2, 191-195.

Siddiqui, H. M. A. Hayat, S. Khan, A. Imran, M. Razzaq, A Liu J.-B. (2019). Resolvability and fault-
tolerant resolvability structures of convex polytopes. Theoretical Computer Science. 796, 114-128.
https://doi.org/10.1016/j.tcs.2019.08.032.

Raza, H., Hayat, S., Pan, X. F. (2019). On the fault-tolerant metric dimension of certain
interconnection networks. Journal of Applied Mathematics and Computing, 60, 517-535.
https://doi.org/10.1007/512190-018-01225-y.

Hayat, S. Khan, A. Malik, M. Y. H. Imran, M. Siddiqui M. K. (2020). Fault-Tolerant
Metric Dimension of Interconnection Networks. in IEEE Access, 8, 145435-145445.
https://doi.org/10.1109/ACCESS.2020.3014883.

Azeem, M. Jamil, M. K. Shang, Y. (2023). Notes on the Localization of Generalized Hexagonal
Cellular Networks. Mathematics, 11(4), 844. https://doi.org/10.3390/math11040844.

Bukhari, S. Jamil, M. K. Azeem, M. Swaray, S. (2023). Patched Network and its Vertex-Edge Metric-
Based Dimension. [EEE Access. https://doi.org/10.1109/ACCESS.2023.3235398.

Shanmukha, M. C. Usha, A. Basavarajappa, N.S. Shilpa K. C. (2021). Graph entropies of porous
graphene using topological indices. Computational and Theoretical Chemistry, 1197, 113-142.
https://doi.org/10.1016/j.comptc.2021.113142

Siddiqui, H. M. A. Arshad, M. A. Nadeem, M. F. Azeem, M. Haider, A. Malik, M. A. (2021). Topo-
logical properties of supramolecular chain of different complexes of N-salicylidene-L-Valine. Poly-
cyclic Aromatic Compounds. https://doi.org/10.1080/10406638.2021.1980060.

62



Spectrum of operational research
Volume 1, Issue 1 (2024) 44-63

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

Sozen, O. Azenol E. (2017). Modules that Have a I-Supplement in Every Extension, European Jour-
nal of Pure and Applied Mathematics, 10(4), 730-738.

Igbal, A., Ali, S., Ahmad, I. (2012). On geodesic E-convex sets, geodesic E-convex func-
tions and E-epigraphs. Journal of Optimization Theory and Applications, 155, 239-251.
https://doi.org/10.1007/510957-012-0052-3.

Chartrand, G. Salehi, E. Zhang P. (2000). The partition dimension of graph. Aequationes Mathe-
maticae, 59, 45-54. https://doi.org/10.1007/PLOO000127

Chartrand, G., Eroh, L., Johnson, M. A., Oellermann, O. R. (2000). Resolvability in graphs
and the metric dimension of a graph. Discrete Applied Mathematics, 105(1-3), 99-113.
https://doi.org/10.1016/50166-218X(00)00198-0.

Khuller, S. Raghavachari, B. Rosenfeld A. (1996). Landmarks in graphs”, Discrete Applied Mathe-
matics, 70(3), 217-229, 1996. https://doi.org/10.1016/0166-218X(95)00106-2.

Sebo, A. Tannier E. (20004). On metric generators of graphs. Mathematics and Operational Re-
search, 29, 383-393. https://doi.org/10.1287/moor.1030.0070.

Nadeem, M. F., Hassan, M., Azeem, M., Ud-Din Khan, S., Shaik, M. R., Sharaf, M. A., Ab-
delgawad, A., Awwad, E. M. (2021). Application of resolvability technique to investigate the
different polyphenyl structures for polymer industry. Journal of Chemistry, 2021(1), 6633227.
https://doi.org/10.1155/2021/6633227.

Ahmad, A. Koam, A. N.A. Siddiqui, M.H.F. Azeem M. (2021). Resolvability of the
starphene structure and applications in electronics”, Ain Shams Engineering Journal.
https://doi.org/10.1016/j.asej.2021.09.014

Caceres, J. Hernando, C. Mora, M. Pelayo, |. M. Puertas, M. L. Seara, C. Wood D. R. (2007). On
the metric dimension of cartesian product of graphs. SIAM Journal on Discrete Mathematics, 2,
423-441. https://doi.org/10.1137/0506 41867

Beerliova, Z. Eberhard, F. Erlebach, T. Hall, A. Hoffmann, M. Mihalak, M. Ram L. S. (2006). Net-
work discovery and verification. IEEE Journal on Selected Areas in Communications, 24(12), 2168-
2181. https://doi.org/10.1109/JSAC.2006.884015.

Chvatal V. (1983). Mastermind. Combinatorica, 3, 325-329. https://doi.org/10.1007/BF02579188.

Melter, R. A. Tomescu I. (1984). Metric bases in digital geometry. Computer Vision Graphics and
Image Processing, 25, 113-121. https://doi.org/10.1016/0734-189X(84)90051-3

Hernando, C., Mora, M., Slater, P. J., Wood, D. R. (2008). Fault-tolerant metric dimension of
graphs. Convexity in discrete structures, 5, 81-85.

63



	Introduction
	Literature Review
	Methodology: Preliminaries and Background
	Application of resolving sets in chemistry

	Main Results: Anticancer Drugs and their Locating sets
	Conclusion and Discussion

