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Abstract

Using graph theory as a conceptual framework, chemical graph theory investigates chemical
structures and phenomena. Chemical graphs, with edges and vertices representing bonds and
atoms, respectively, are used in chemical graph theory to represent molecular structures. The
investigation of various pharmacological substances and complex molecular structures is made
easier by the application of chemical graph theory. The resolvability parameter, a measure de-
rived from graph theory, is a fundamental idea in this discipline. It requires every vertex in
a structure to have a unique representation through chosen vertices, which are referred to as a
metric basis, locating set, or resolving set in various scientific contexts. A key factor in describing
the structural characteristics of chemical graphs is the metric dimension, which is the smallest
number of vertices in the resolving set. In this work, we looked at the vertex and edge met-
ric dimensions of the drug structures for the treatment of breast cancer, including Toremifene,
Ribociclib, Tucatinib, Olaparib, and Abemaciclib and also we estimated the dimensions of the
vertex and edge metrics while treating various drug structures as chemical graphs. This can
make it easier to comprehend the chemical structure of different anti-breast cancer medications
and create formulations more effectively.

Keywords: breast cancer drug molecular structure; resolving set; metric dimension; edge metric
dimension.
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1 Introduction

Metric dimensions are a crucial characteristic for uniquely identifying vertices in molecular
networks, and are the subject of current study in chemical graph theory. In order to examine
complicated molecular structures like as the "M-polynomial of zigzag edge coronoid fused by
starphene" molecule, studies investigate metric dimension, and mixed metric dimension [4]. In
chemical graph theory, hollow coronoid structures are significant molecular graphs. In order to
improve structural identification and stability analysis, this work examines their metric and fault-
tolerant metric dimensions [11].

In this study [24], a unique class of molecular graphs called zigzag edge coronoid fused with
starphene is studied in terms of its metric and edge metric dimension. The study investigates
their structural characteristics as well as their uses in material science and nanotechnology. Crys-
tal structures, particularly carbon’s cubic forms such as diamond, are important in materials re-
search. It investigates the mixed metric dimension, a graph theory term, to assess the cubic carbon
structure’s distinct features and prospective uses in material design [27] . Whereas fault-tolerant
metric dimension takes resilience against errors in vertices or edges into account, metric dimen-
sion establishes the minimal number of vertices required for unique identification inside a graph.
By finding groups of vertices that recognize various components in the graph, mixed metric di-
mension expands on these ideas and offers a greater comprehension of chemical topologies and
networks [12].

Chemical graph theory also makes use of the edge version of metric dimension, as demon-
strated by the study of circulant graphs with constant edge versions of metric dimension. Fur-
thermore, linked graphs are subjected to the edge version of metric dimension, highlighting the
significance of edge distances in chemical models [13]. To further clarify on their asymptotic be-
havior, new planar networks have been developed, such as rotationally heptagonal symmetrical
graphs with up to four cords in the heptagonal structure, and their local fractional metric di-
mensions and upper-bound sequences analyzed [3]. With applications in chemical graph theory
[19], the research investigates the zero divisor graph of commutative rings with an emphasis on
graph energy and topological descriptors such as Wiener index and Zagreb indices. With algebraic
graph representations, these descriptors aid in modeling molecular characteristics. Building on
the work of [18], it emphasizes the interaction between algebraic structures and molecular graph
theory. This study explores reverse topological indices to evaluate the chemical structures of bistar
networks and corona products in the context of cheminformatics [5]. In this work, distance-based
topological indices for zero divisor graphs of commutative rings are calculated, a MATLAB-based
tool for their computation is presented, and their uses in algebraic structures and chemical graph
theory are highlighted [9]. It offers resources for comprehending molecular characteristics and
forecasting chemical reactions.

In order to help in uniquely identifying graph vertices based on distances, the study looks
at the metric dimension of line graphs generated from chemical compounds [17]. This parame-
ter is used to examine chemical structures such as fullerenes and hydrocarbons. Understanding
structure-property correlations and differentiating molecular isomers are two uses for the metric
dimension. The paper focuses on polycyclic aromatic hydrocarbon (PAH) networks” mixed met-
ric dimension, which entails uniquely identifying both edges and vertices [25]. It gives insights
into the structural characterisation and topological features of PAHs. The edge-based metric di-
mension of graphs encoding coffee chemicals is examined in this work, with an emphasis on em-
ploying resolving sets to uniquely identify edges [1]. It emphasizes uses for examining the topo-
logical uniqueness and structural characteristics of molecular structures associated with coffee.
The study explores partition resolvability in graphs that depict the chemical structures of breast
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cancer, with an emphasis on segmenting the graph into subsets that may be used to uniquely iden-
tify vertices [7]. This method helps in medication development by examining the topological and
structural characteristics of molecules linked to breast cancer. These diverse study areas highlight
how chemical graph theory is developing and how it is used in many scientific fields.

Slater [28] launched the study of standard metric dimension by posing the challenge of uniquely
identifying the position of an intruder or thief in a network and locating sets as metric generators.
Haray and Melter established the idea of metric dimension when they referred to the metric gen-
erators as resolving sets of a graph [6]. Subsequently, the notion of metric dimension garnered
significant attention from scholars, leading to multiple publications on the subject. Examples of
these studies include those on robot navigation and applications in chemistry. In addition, the
following recent articles are included for the convenience of the reader [8, 26].

A few wheel graph subdivisions’ metric and edge metric dimensions are calculated and ex-
plained [20]. This study aims to calculate a subset of wheel graphs” edge metric dimensions. We
precisely calculate and compare the dimensions of the metric and edge metric. A graph produced
by going through the spoke and cycle parts of the wheel graph. According to the results of the
computations, the metric dimension issue is NP-complete [21].

Pharmaceutical chemistry, image processing, decoding complex games, robot wandering, com-
binatorial optimization, and other theoretical problems all involve or are at least connected to met-
ric dimensions. Navigation in a graph framework uses landmark-based distance sensing to esti-
mate a robot’s position. This work focuses on discovering the smallest landmark set known as the
metric basis and investigates the metric dimension and its computational features [10]. This study
studies metric generators, which use distances to uniquely identify places in a metric space, and
focuses on their importance in combinatorial optimization and graph theory [22]. Applications
include estimating metric dimension, solving linked join issues, and dealing with associated com-
putational complexity. Additionally, Nadeem et al. [15] discovered uses for metric dimensions in
the polymer sector. Likewise, similar advantageous characteristics for electrical equipment may
be found in [2].

In this study, we assume that atoms and the chemical bonds between them are nodes and edges,
respectively, and we treat a molecular graph as a transition from a chemical structure to a graph.
The findings hold great promise in the fields of pharmacology, bioinformatics, and drug research,
where knowledge of molecular relationships is essential for forecasting the safety and effectiveness
of medications. Additionally, the study offers a foundation for creating computational tools that
simulate and model molecular interactions, which may advance the creation of specific breast
cancer therapies.

In a graph, breast cancer medications can be shown as nodes, with edges denoting commonali-
ties in structural, chemical, or functional characteristics. Drugs with similar mechanisms of action
may be categorized, unique compounds can be found, and redundancy in drug libraries can be
reduced by evaluating each drug’s uniqueness using resolvability metrics in metric dimensions.
Furthermore, comprehending therapeutic success depends heavily on IC50 values, which quantify
pharmacological efficacy. Predictive models can be improved by identifying distinct pharmaco-
logical properties by combining IC50 values and chemical structure data via metric resolvability.
Through the analysis of their locations within a metric-based "drug space," this method facilitates
the effective identification of new medicinal substances.

Insights into Breast Cancer Drugs: The study investigates the relationship between the struc-

tural efficiency and originality of breast cancer medications and metric and edge metric dimen-
sions. Drug-receptor interactions, biological activity prediction, and isomer separation are all
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aided by molecular descriptors derived from resolvability measurements. The results show im-
portant structural elements affecting pharmacological characteristics. The development of more
potent treatments for breast cancer may benefit from these revelations. The methods and mathe-
matical terminology used in our primary research project are outlined below in Figure 1.

Chemical Structure Converted
1 to a Graph

2 Calculating the Generalized
Graph's Dhstance Matrix

3 Computing the Vertex and Edge

Resolving Set of a Generalized

4 Computing the Vertex and Edge
Metrnic Dimension Using Definition

Resulis and Analysis

Figure 1: Flow chart for the computing vertex and edge metric dimension of a chemical structure.

2 Fundamental Concepts and Notions

Definition 2.1. [14] Suppose G4(V(Gs), E(Gy)) is an undirected graph of a chemical structure, where
V (G) is the set of vertices G s and E(G ) is the set of edges between these vertices G 5. The distance between
two vertices &1,& € V(G,), written as d(&1,&2), is the minimum number of edges in a path between &;
and &s.

Definition 2.2. [14] Suppose R C V(Gs) is a subset of the vertex set, defined as R = {&1,&2,...,&s},
and let & € V(Gs). The identification r(€ | R) of a vertex { with respect to R is an s-ordered tuple of
distances (d(§,&1),d(§,&2), ..., d(§,&s)). If each vertex from V (G) has a unique identification according
to the ordered subset R, then this subset is called the metric basis of the graph Gs. The minimum number
of elements in the subset R is called the metric dimension of G. Here, r(§ | R) represents the position of
a vertex § with respect to the resolving set R and for the vertex resolving set is indicated by the symbol Ry,
the symbol R denotes the vertex resolving set; the metric dimension of a graph G is denoted by the symbol
EdimGl.

Definition 2.3. [23,16] Avertex§ € V(G,) and anedge e = £1&2 € E(G,), the distance between § and e
is defined as d(e, &) = min{d(&1,&),d(&2,§)}. Avertex & € V(QG) distinguishes two edges eq, ex € E(G),
ifd(&, e1) # d(&, e2). Asubset R, having minimum vertices from a connected graph G, is an edge resolving
set for G, if any two distinct edges of G 5 are distinguished by some vertex of R.. The minimum cardinality
of an edge resolving set for G is called the edge metric dimension. Here, the edge resolving set is denoted
by the symbol R.; the edge metric dimension is denoted by the symbol edimG.
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3 Main Results

3.1 Edge metric dimensions of resolving sets for molecular graphs

Toremifene is a first generation nonsteroidal selective estrogen receptor modulator used to treat
certain breast cancers. Toremifene is a selective estrogen receptor modulator (SERM) and a non-
steroidal antiestrogen used to treat estrogen receptor positive breast cancer.

V(G,(Te) = {g | 1< <29},
BE(G,(Te)) = {gjng |j= 1,2,...,9,11,...,16,18,19,...722724,25,26,27}
U {55510,54511,511518,518523,517512,521524,527529}-
Theorem 3.1. Let Gs(T'e) be a graph representing Toremifene. Then, the edge metric dimension of Gs(Te)

is 4.

Proof. Consider the connected graph G,(T'e), which has an edge resolving set R. = {£o, £14, §20, 622},
as illustrated in Figure 2. The edge metric dimension of G,(Te) is 4.

Figure 2: Molecular graph of Toremifene.

To demonstrate this, we selected an edge resolving set with a cardinality of 4 and defined it as
follows,

P(&€i41 | Re) = {d(&,60), (& €10), d(E €20), Al E22) }-
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To validate this statement, we present the following representations for further discussion,

(3(2) =4, 7—4,4(2) = 5,7 = j), it j=1,2,3,
(3(2) =5, 4(2) — 5,4(2) — 5,4(2) — j), if j=4,
(7-7,5(2) =4,5(2) = 4,5(2) —=j),  if j=5,
(4(2) = 5,43) — 5,4(3) — 4, 4(3) —j), if j=6,
(8—7,14—3,14 — 5,14 — j), if j=717,
(8—7,14—3,16 — 5,14 — j), if j=8,
(9—-7,15—4,16 — 5,15 — j), if j=09,
(15—7,7—9,14 — 4,14 — j), if  j =11,
(17— 5,13 — 4,16 — 5,16 — j), if j=12,
(19 — 5,13 — 4,18 — 5,18 — j), if j =13,
21— j, 14 — §,20 — §,20 — §), it j =14,
r6s& | Re) = 22 —5,16 2,22—5,21 j; if j’: 15,
(22 — 5,18 — 4,22 — 5,21 — j), if j =16,
(23 — 7,22 — 4,20 — 5,20 — j), if j=18,
(25 — 5,24 — 4,20 — 5,21 — j), if j=19,
(27 — 4,26 — 4,20 — §,21 — j), it j =20,
(29 — 5,27 — 4,21 — 5,21 — j), if  j =21,
(28 — §,27 — j,23 — §,22 — j), if j =22,
(33—17,32—7,25 — 4,26 — j), if j =24,
(35— 7,34 — §,27 — 4,28 — j), if j =25,
(37—7,36 — 4,29 — 5,30 — j), if  j =26,
(39 — 5,38 —4,31— 74,32 —j), if  j=2T.

The representations for additional edges are as follows,

r(€s610 | Re) = (1,5,5,5),

r(&& | Re) = (3,3,3,3),
r(11éis | Re) = (4,3,2,2),
r(€12617 | Re) = (5,2,2,4),
r(&18€2s | Re) = (5,4,2,1),
r(§21824 | Re) = (8,7,1,1),
r(€27&29 | Re) = (12,11,5,5).

It is evident from each edge’s unique representation with R, that R, is an edge resolving set of
Gs(Te), which implies,

edim(G4(Te)) < 4. (1)
Now, assume edim(G;(7'e)) > 4. On the contrary, suppose edim(G;(7T'e)) = 3. We consider,

Case 1: Letthe path &, — & — & — & — &5,812 = &1 = &is, €21 — €24 be a bridge. Here,
&5€6 and &5&1 are edges from H;, while £12€13 and £12&17 are edges from Hj, 1319 and
&18€23 are edges from Hj, showing uniform representation. The same representation
will appear at the following edges if we choose an edge resolving set from R, C {(H;)
with a cardinality of three,

(&8 | Ry) = 7(&5610 | Re).

As with Case 1, the resolving set fails to distinguish between these edges.
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Case 2: The same representation will appear at the following edges if we choose an edge re-
solving set from R, C {(H) with a cardinality of three,

r(&12&as | R,) = r(&12éa7 | RL).

The same representation will appear at the following edges if we choose an edge re-
solving set from R C {(H3) with a cardinality of three,

r(&18&1g | R,) = r(&1séas | RL).

Case 3: Even when considering an edge resolving set R, of cardinality three drawn from the
union &(Hy) U&(H2) U E(Hs), the problem persists,

(&8 | RL) = r(&&10 | RL),
(12613 | Ry) = r(é2éar | Re),
r(&18&19 | Rle) = 7(&18823 | R/e)

These equalities demonstrate that no edge resolving set of cardinality three can resolve all edges
in G4(Te), as shown in Figure 3. Therefore,

edim(G(Te)) > 4. (2)
We conclude, based on inequalities (1) and (2), that,

edim(Gs(Te)) = 4.

Figure 3: Partitioning of the Toremifene structure for the contrary theorem proof.

This completes the proof. O

Ribociclib, a medication used in treatment, has shown great promise in treating advanced
metastatic breast cancer in younger women. In addition, physicians have reported that, when
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compared to standard chemotherapy, women with advanced breast cancer treated with ribociclib
are able to prolong their life expectancy.

One kind of growth inhibitor for cancer is ribociclib. It specifically targets two proteins in

breast cancer cells: cyclin reliant kinase 4 and cyclin dependant 6. Two proteins, CDK 4 and CDK
6, promote the growth and division of cancer cells. These proteins are blocked by ribofacilib,

V(G (Rb) = {& 11 < <32,
E(G,(Rb)) = {§j§j+1 1j=1,2,.. .,11,13,...,21,23,24,26,29,30,31}
U {575127 18822, §17823, 26828, 23829, §14832, £16€30, §10€13, 5156}-
Theorem 3.2. Let G(Rb) be a graph representing Ribociclib. Then the edge metric dimension of G 4(Rb)

is 4.

Proof. Consider the connected graph G,(Rb), which has an edge resolving set R, = {2, 3, 9,19},
as illustrated in Figure 4. The edge metric dimension of G,(Rb) is 4. To demonstrate this, we
selected an edge resolving set with a cardinality of 4 and defined it as follows,

r(&an | Re) = {d(§),€2), (), &), d(€1 €0), (&, €u0) |-

Figure 4: Molecular graph of Ribociclib.
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To validate this statement, we present the following representations for further discussion,

(0,2 jj+1,j+11) if j=1,2
46 U

(]_27]_2a]73(3))a if .7_43
(j—3,0-3,j—2,j+6), it j=5,

(8—4,9—78—74,16 —j), if j=6,
(j—4,j—3,8— jj+2), if =71,
(=438 ) it j=s,
(j—4,j—3,9—j,j—2), i j—o,
(157‘7,167],11 3,1773), i j =10,
(15— 4,16 — 5,13 — 4,19 — §), if j=11,
(20— j,21 — j, 15— 4,18 — j), if j =13,

(22— j,23 — j, 17— j,18 — §), if j = 14,

(&€t [ Re) = (24— jloa— j19— j, 18 — ), if j—15,
(26— 4,27 — j,21 — j,18 — §), if j =16,
(28— 1,20 — j,23 — j,18 — §), if j=17,
(30 — 5,31 — j,25— j,18 — j), if j=18,
(32— .33 — 4,27 — j,19 — §), if j =19,
(34— j,35— 4,29 — j,21 — §), if j =20,
(34— 7,35 — 4,29 — 4,23 — §), if j=21,
(35— 4,36 — 4,30 — 4,26 — j), if j=23,
(37— j,38 — 4,32 — j,28 — j), if j =24,
(38— j,41 — j,35 — 4,31 — §), if j =26,
(40 — j,41 — j,35— 4,33 — §), if j =29,
(40 — 4,41 — 4,35 — 4,34 — §), if j =30,
(40 — 5,41 — 1,35 j,36 — j), if j=3L.

The representations for additional edges are as follows,

r(&&1a | Re) = (3,4,2,9), r(&1& | Re) = (1,2,3,11),

r(€1s€an | Re) = (12,13,7,1), r(€17623 | Re) = (11,12,6,2),
r(€a6as | Re) = (14,15,9,5), r(€a3€a0 | Re) = (12,13,7,3),
(12832 | Re) = (8,9,3,5), (€630 | Re) = (11,11,6,3),
r(&10€13 | Re) = (6,7,1,6), (9406 | Re) = (13,14, 8,4).

It is evident from each edge’s unique representation with R. that R, is an edge resolving set of
G5 (Rb), which implies,

edim(G,(Rb)) < 4. (3)

Now, assume edim(G;(Rb)) > 4. On the contrary, suppose edim(G;(Rb)) = 3. We consider,

Case 1: Let the path {g — &7, &10 — €13 — &14, §17 — E1s, €23 — E24 be a bridges. Here, 765
and £7&; are edges from H;, while £14&15 and £14€32 are edges from Hs, £15619 and
&18€22 are edges from Hj, showing uniform representation. The same representation
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will appear at the following edges if we choose an edge resolving set from R, C £(H;)
with a cardinality of three,

(&8s | Ry) = r(&r6i2 | RY),

as with case 1, the resolving set fails to distinguish between these edges.

Case 2: The same representation will appear at the following edges if we choose an edge re-
solving set from R, C {(H>) with a cardinality of three,

r(&1aé1s | Ry) = (614832 | RY),

and the same representation will appear at the following edges if we choose an edge
resolving set from R, C {(H3) with a cardinality of three,

(€860 | R) = 7(&18822 | RL).

Case 3: Even when considering an edge resolving set R, of cardinality three drawn from the
union £(Hy) U&(Hz) U E(H3), the problem persists,

r(&&s | R,) = r(&r&2 | RL),
r(&14é1s | RL) = (1432 | RL),
r(&181o | Ry) = r(€1séoz | Ry).

These equalities demonstrate that no edge resolving set of cardinality three can resolve all edges
in G5(Rb), as shown in Figure 5. Therefore,

edim (G, (Rb)) > 4. (4)

Figure 5: Partitioning of the Ribociclib structure for the contrary theorem proof.

We conclude, based on inequalities (3) and (4), that,
edim(G,(Rb)) = 4.

This completes the proof. O

1088



E. Pandeeswari and J. Ravi Sankar Malaysian ]. Math. Sci. 19(3): 1079-1110(2025) 1079 - 1110

A kinase inhibitor medication called tucacitabine is used to treat metastatic or incurable HER-2
positive breast cancer in conjunction with trastuzumab and capecitabine. Seattle Genetics created
it, and on April 17, 2020, the FDA gave it approval. For patients with metastatic breast cancer who
have not reacted well to previous chemotherapy regimens, tucatinib is a potentially effective new
medication,

V(G.(TB) = {& | 1< <36},
E(G,(Tb)) = {§j§j+1 | j=2,3,4,6,...,17,19,20,21,22, 24, 25,27, .. .,35}
U {5153, €386, 8587, £0é1s, §12617, §16€19, §20824, 23805, {23827, {28836, 531535}

Theorem 3.3. Let G4(T'b) be a graph representing Tucatinib. Then the edge metric dimension of Gs(T'b)
is 4.

Proof. Consider the connected graph G(7T'b), which has an edge resolving set R, = {&1, &2, 26,830},
as illustrated in Figure 6. The edge metric dimension of G, (7') is 4.

Figure 6: Molecular graph of Tucatinib.

To demonstrate this, we selected an edge resolving set with a cardinality of 4 and defined it as
follows,

r(§€i | Re) = {d(€,60), (.. (&5, €a0). (&, Ea0) |-
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(‘7713]7276]78‘7)7 lf 3227
(3_27]_274374J+4)a if j:37
(J—2,7—2,3j — 1,45 - 1), if j=4,
JJ . .
4 =
(2 2,]+ 2()—|—2>7 if j=6,
(j_4aj_47]+272j_1)a if j:77
(j—4,7—4,8,12), if j=8,9,10,
(G—4,j—4,7,11), if j=11,12,13,
j=5.4-5, é)—L if =14,
J J .
J s f j=1
9 + 3, 3 + 3, if 5,
J J .
1)t lg) s if j=16,
(G—11,5—11,5 — if j=17,
(j —10,5 —10,3,5 — if j=19,
(j—10,5—10,3,5 — if j =20,
r(&&41 | Re) = (j — 10,5 — 10,3, if j=21,
(j — 10,5 — 10, — 20,7 — 18), if =22,
J J J J .
z a 2) o5 (2)—1), if j=24
4 +57 4 +57 4 57 4 ) b 1 .] )
J J J J .
= = =) - = f =2
5 +77 5 +7? 5 57 5 > b 1 j 5’
J J J J .
= 9, = 5 1<) —6,({=)—7 f =27
3 + b 3 —"_. b 3 b 3 b 1 j b
. . J J .
—13,5-13,(2),(2) - f j=2
J—13,5 - 13, <7) , <7> 3) ) if j=28,
(j— 13,5 — 13, — 24,0), if j=29,30
(]_137.]_13a]_24a1)7 if ]—317
(j— 13,5 — 13,5 — 24,3), if j=32
(j — 15,5 — 15,5 — 26, 3), if j=233
J J -
2 a(z)v 28,2 ) if j—34
I) w9, (2) +9,5-30,2), if =35
5 5
The representations for additional edges are as follows,
(5153 ‘ R ) (07 ]-7 127 16)? (5356 | R ) (13 17 11; 15)7
r(&&7 | Re) = (3,3,10,14), r(&oéis | Re) = (5,5,7,11),
r(&12é17 | Re) = (7,6,6,10), r(§16819 | Re) = (8,8,4,8),
7(§20824 | Re) = (10,10,2,7), 7(€236es | Re) = (12,12,1,4),
r(&23827 | Re) = (13,13,2,3), 7(€28836 | Re) = (15,15,4,2),
T(€31£35 ‘ R ) = (177 17,67 1)

1110

It is evident from each edge’s unique representation with R, that R, is an edge resolving set of
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Gs(Tb), which implies,
edim(G,(Th)) < 4. (5)

Now, assume edim (G, (7'b)) > 4. On the contrary, suppose edim(G(Th)) = 3. We consider,

Case 1: Let the path &7 — &8 — &9, {16 — 19 — §20, §23 — Eo7 — &8, {25 — &26, De a bridges.
Here, ;&3 and &3 are edges from H,, while £50£21 and £20&24 are edges from Hy, {23829
and £23&36 are edges from Hs, showing uniform representation.

The same representation will appear at the following edges if we choose an edge re-
solving set from R, C {(H;) with a cardinality of three,

r(&i&s | R,) = (&8s | RY),

as with Case 1, the resolving set fails to distinguish between these edges.

Case 2: The same representation will appear at the following edges if we choose an edge re-
solving set from R/ C {(H) with a cardinality of three,

7(&2021 | Re) = (20824 | RL),

and the same representation will appear at the following edges if we choose an edge
resolving set from R/, C {(H3) with a cardinality of three,

7(&28820 | Re) = r(Easae | Ry).

Case 3: Even when considering an edge resolving set R, of cardinality three drawn from the
union £(Hy) U&(Hz) UE(Hs), the problem persists,

r(&1&s | Ry) = (&8 | RY),
r(&20821 | Ry) = 1620824 | RL),
7(E28820 | Re) = r(Easse | RL).

=r
=r

These equalities demonstrate that no edge resolving set of cardinality three can resolve all edges
in G4(Tb), as shown in Figure 7. Therefore,

edim(G,(Tb)) > 4. (6)

Figure 7: Partitioning of the Tucatinib structure for the contrary theorem proof.
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We conclude, based on inequalities (5) and (6), that,
edim(G,(Th)) = 4.
This completes the proof. O
A PARP inhibitor is the medication used to target Olaparib. A protein called PARP aids in the
self-healing process of injured cells. Olaparib halts PARP’s operation. For their DNA to remain
healthy, some cancer cells depend on PARP. This includes cancer cells whose BRCA genes have

been altered. Thus, the cancer cells perish when olaparib prevents PARP from repairing DNA
damage.

V(Gi(00) = {& |1 <j <32},
E(G,(Ob)) = {gjgjﬂ 1j=1,2,3,5,6,...,10,12,...,16,18, ...,24,27, 29,30,31}
U {flglla§4§6a5451075951%51353%51553075165187518528752152775225267523525}-
Theorem 3.4. Let G4(Ob) be a graph representing Olaparib. Then the edge metric dimension of G(Ob)

is 4.

Proof. Consider the connected graph G;(Ob), which has an edge resolving set R. = {3, &6, 25, 27},
as illustrated in Figure 8. The edge metric dimension of G4(Ob) is 4.

§23 §2T

Figure 8: Molecular graph of Olaparib.

To demonstrate this, we selected an edge resolving set with a cardinality of 4 and defined it as
follows,

r(&&+1 | Re) = {d(fj7§3)ad(ﬁj,&s)’d(§j7§25)7d(§j,§27)}~
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To validate this statement, we present the following representations for further discussion.

LA 20 o

Jj 2 2 ]7] 9 5 ] =1,
(0,4=5,7()+1,j+9), if j =2,
(0,4 =5,4() +2,5+7), if j = 3,
(7T=3.5=43,5(2) +5,j+7), if j = 5,
(8—7,6—3,j+8,4+7), if j =6,
(j—4,5—6,j+6,2+7), if j =7,
Ol_JJO—L4+L(2>+5>, if j =8,
(11— 4,11 —j,j+3,5—1), if j =9,
(12 —-4,12 - 5,34+ 4,2(j) — 11), if j = 10,
@@)—L8@)—1J—21—6) if j = 12,
j—8, < ) ,<j) ,<>-—3> if j = 14,

2
J—87—8j— &% if j = 15,

eI (s (3).(3) 1 () ) e
e (D) (D)) e

(j—9,j—9,j—15,;j-17), if j = 19,
(J—97-97—-17,5-19), if j = 20,

j Y j o
)

8 18 . 44’ 4
T T -
L AV Al w¥ R ul B if j = 23,
j j _

J 9<4)+9,0,<6)>, if j =24,

<§>+1J—&Zj—2&j—9®0, if j = 27,
(J—7@3),i—7(3),j—20,j—-8(3)), if j =29,
(j—23,5—22,j—21,5-5(5)), if j = 30,
(j—25,) — 25,5 — 21,5 — 5(5)), if j = 31,

The representations for additional edges are as follows:

r(&iéun | Re) = (2,3,14,10), (€4&6 | Re) = (1,0,15,10),
(€0 | Re) = (1,1,13,9), (€2 | Re) = (3,3,11,7),
r(&13&s2 | Re) = (5,5,10,6), r(&15830 | Re) = (7,7,8,4),
r(&16618 | Re) = (8,8,6,2), (18628 | Re) = (9,9,6,1),
r(£21€27 | Re) = (11,11, 3,0), r(€20806 | Re) = (13,13,2,2),
7(€23825 | Re) = (14,14,0,3).

It is evident from each edge’s unique representation with R, that R, is an edge resolving set of
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G(0b), which implies,
edim(G,(0b)) < 4. (7)
Now, assume edim(G,(Ob)) > 4. On the contrary, suppose edim(G(0Ob)) = 3. We consider,

Case 1: Let the path {& — {12 — &13, §15 — &16 — &18, &6 — &17, §21 — 22 — o3, §22 — o6
be a bridges. Here, {5&y and &9&1 are edges from H;, while {2021 and &21627 are edges
from Hj, £23€24 and &23&a5 are edges from Hs, showing uniform representation. The
same representation will appear at the following edges if we choose an edge resolving
set from R, C {(H;) with a cardinality of three,

r(&sdo | L) = (S0 | RY),
as with Case 1, the resolving set fails to distinguish between these edges.

Case 2: The same representation will appear at the following edges if we choose an edge re-
solving set from R, C {(H,) with a cardinality of three,

r(&20é21 | RL) = r(€néar | RL),

and the same representation will appear at the following edges if we choose an edge
resolving set from R, C {(H3) with a cardinality of three,

7(€23&2a | Re) = 1(&236os | Re).
Case 3: Even when considering an edge resolving set R, of cardinality three drawn from the
union &(Hy) U§(H2) U ¢(H3), the problem persists,
r(&séo | Re) = r(8oio | Re),
r(a0é21 | Ry) = r(€aéer | RL),
r(&23aa | Re) = (23825 | Re)-

These equalities demonstrate that no edge resolving set of cardinality three can resolve all edges
in G5(Ob), as shown in Figure 9. Therefore,

edim(G;(0Ob)) > 4. (8)

Figure 9: Partitioning of the Olaparib structure for the contrary theorem proof.
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We conclude, based on inequalities (7) and (8), that,
edim(G,(Ob)) = 4.
This completes the proof. O
Breast cancer that is both HER2-negative and oestrogen receptor positive is treated with abelaci-
col. Bemaciclib is a member of the kinase inhibitor drug class. Abemaciclib functions by obstruct-

ing the aberrant protein that encourages the growth of cancer cells. This aids in halting or reducing
the spread of cancerous cells,

V(@A) = {g |1 <5 <37],
E(G4(Ab)) = {gjng |j=1,2,...,7,9,...,14,16,.. .,20,22,24,25,26,29,...,32,35,36}

U {53587 10815, 13816, §17823, §20822, £22824, £24820, E308 28, §26€28, §28837, £32834, 531536}-
Theorem 3.5. Let G;(Ab) be a graph representing Abemaciclib. Then the edge metric dimension of G s( Ab)

is 4.

Proof. Consider the connected graph G, (Ab), which has an edge resolving set R, = {5, 12, 28, &34},
as illustrated in Figure 10. The edge metric dimension of G,(Ab) is 4.

s

£
T

Figure 10: Molecular graph of Abemaciclib.

To demonstrate this, we selected an edge resolving set with a cardinality of 4 and defined it as
follows,

P& | Re) = { (€565, (&, €02), (&, €20), (85, 00) -
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To validate this statement, we present the following representations for further discussion.

(4-74,9—7,18—4,20—7), ifj=1,2,3,4,
(0,9—7,18 = 4,20 — j), ifj =5,
(7=35,10 = j,19 — j,21 — j), ifj =6,
(9—4,12—75,24,2j+2), ifj =7,
(j—7,7—7,20-75,25-3), if j =0,
; J (1 o
_ Z) =1 J fi=1
(-] 77(5> 7]a<2)+7), I ) 0,
(j—7,0,5-2,7), if j =11,
j—770,j—4,<;)+4), if j =12,
16 . 24 10 6
|~ 5] 55— 5 if j=1
J 2aj 27] 27] 5 ) if g 3,
J J J J o
<2> 3,<2> 5»(2>+2,(2>+4>, if j = 14,
(.] - 97] - 147678)7 1f] = 16,17, 18,
P& [ Re) =0 (50,5 -14,5,7), if j = 19,20,
(j— 15,5 — 18,5 — 183—16 if j = 22,
J J j o
J J j o
F) T )2 4 fj=25
5 +j 5 + 2, ) ,(5>) if j ,
J J J o
D) 5 (2) () ). e
(j— 17,5 — 22,30 — 5,7 — 26), if j = 29,
() 72Q) () -+(2) ). o
(j—17,5—22,j —29,1), if j = 31,32,
J-10(2).5-5(5). @)—3,3), it - 35
J-T(3).5-13(2), 132)—2,3), i — 36.

The representations for additional edges are as follows,

r(&sés | Re) = (2,6,15,19), 7(§10615 | Re) = (3,2,10,12),
r(&13616 | Re) = (6,1,7,9), 7(€17623 | Re) = (8,3,5,7),
r(£20&22 | Re) = (10,5,4,6), r(€22824 | Re) = (10,5,3,5),
r(€24&29 | Re) = (11,6,2,4), r(€30€2s | Re) = (13,8,0,3),
r(€2682s | Re) = (13,8,0,4), 7(€28837 | Re) = (14,9,0,4),
(32834 | Re) = (15,10, 3,0), r(£31€36 | Re) = (14,9,2,2).

It is evident from each edge’s unique representation with R, that R, is an edge resolving set of
Gs(Ab), which implies,

edim (G, (A4b)) < 4. (9)

Now, assume edim(G;(Ab)) > 4. On the contrary, suppose edim(G,(Ab)) = 3. We consider,
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Case 1: Let the path { — & — &0, §13 = 16 = &17, S22 = E24, §31 — 32, §36 — &35 be a
bridges. Here, {566 and &s&7 are edges from H;, while £10&11 and &19&15 are edges from
Hj, {24895 and &24&29 are edges from Hs, showing uniform representation. The same
representation will appear at the following edges if we choose an edge resolving set
from R, C &(H,) with a cardinality of three,

r(&& | R.) = (&7 | RL),

as with Case 1, the resolving set fails to distinguish between these edges.

Case 2: The same representation will appear at the following edges if we choose an edge re-
solving set from R, C {(H) with a cardinality of three,

r(&oéa1 | RL) = r(&ioéis | RL),

and the same representation will appear at the following edges if we choose an edge
resolving set from R, C {(H3) with a cardinality of three,

7(€2aas | Ry) = 7(&2a20 | Ry).

Case 3: Even when considering an edge resolving set R, of cardinality three drawn from the
union £(Hy) U&(Hz) UE(Hs), the problem persists,

r(&& | R,) = r(&6é7 | RL),
r(&oa1 | RL) = (&0 | RL),
7(24805 | R.) = r(€aaao | RL).

These equalities demonstrate that no edge resolving set of cardinality three can resolve all edges
in G4(Ab), as shown in Figure 11. Therefore,

edim (G, (A4b)) > 4. (10)

Figure 11: Partitioning of the Abemaciclib structure for the contrary theorem proof.
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We conclude, based on inequalities (9) and (10), that,
edim(G;(Ab)) = 4.

This completes the proof.

3.2 Vertex metric dimensions of resolving set for a molecular graphs

Theorem 3.6. Let G(Te) be a graph of Toremifene. Then, £dim(Gs(Te)) = 4.

Proof. Consider the connected graph G;(T'e), which has an vertex resolving set,

Re = {5%6137519;528}»

as illustrated in Figure 2. The vertex metric dimension of G(T'e) is 4.

To demonstrate this, we selected an vertex resolving set with a cardinality of 4 and defined it as

follows,

r(& | Be) = {d(€0), d(€). d(€10) . d(s) }-

To validate this statement, we present the following representations in Table 1 for further discus-

sion,
Table 1: Resolving set of the molecular graph of Toremifene with unique vertex representations.
i ElRe) = {d (&) d(€) d(€0) d (€0) | | 5 |7 (1R = {d(€),d (619 d (€10)  d(€as) }
14 18 18 32 j j . :
e SR o 2 2Y 3. (2)-5,-19,j—14
5 (2 by Thg Thy J) 0 ((2) 3, (2> 5,7 —19,7 )
1.1, J IN_q (L) o5 (1) -
6,7 (7—4,5—-1,j—1,7+6) 21 <<3>-+1,<3) 1,<3> 5,(3) 2)
7 (2 J J ; 30, 34, 38, 32
8 (] 7,(2)+3,<4>+5,<2>+6) 22 (] o d T oI T g 2)
. J . J . 34 38 . 42 . 32
— S — S 1 2 =22, 22, 22
9 (J 7,(3)4'37] 3,(3)+ 0) 3 (J SR A R A R A
. 14 . 10 ., 10 . 4 J J 7 i
1 - )= =] — = = = = L,{=)— = | =
0 ( 50 d 5] 27]+2) 24 (<4>+37<4>+ ,(4 3,(7) 2
709 J J AN AN
11 (G-77-97-97-2) 25 ((5)‘+5,<5)‘+3,<5> 1,(5> 2)
4, 2. 18, 4 I o (2 (2) s (2L
12 (] g J T 5 I 5 2) 26 ((2) 2,(2) 4,<2 8113
- o J J J
13,14, 15 (G—T7,7—13,j—9,5—2) 27 ((3)+3,(3>+1,(3>—3,1)
I g (L)1 (2 - J J AN
o | (@) (@) (@) i) ) (@) e (8) e (3)29)
17 (j—11,5— 15,5 — 13,5 — 6) 29 (j— 16,5 — 18,5 — 22,5 — 27)
18 (j— 13,5 — 15,5 — 18,5 — 10)
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It is evident from each vertices unique representation with R, that R, is an vertex resolving set of
Gs(Te), which implies,

¢dim(G,(Te)) < 4. (11)

Now, assume £dim(Gs(T'e)) > 4. On the contrary, suppose £dim(G;(Te)) = 3. We consider:

Case 1: Let the path & — &2 — & — & — &5, &12 — 11 — &is, €21 — 24, be a bridges.
Here, £ and &1 are vertices from Hy, while £13 and &7 are vertices from Hs, {19 and o3
are vertices from Hs, showing uniform representation. The same representation will
appear at the following vertices if we choose an vertex resolving set from R; C {(H1)
with a cardinality of three,

(& | Rg) = (&0 | RE).
It is impossible to resolve all the vertices.

Case 2: The same representation will appear at the following vertices if we choose an vertex
resolving set from R} C {(H>) with a cardinality of three,

(&3 | ng) =r(&i7 | Ré),

and the same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(H3) with a cardinality of three,

(&9 | R/g) =7(&as | Ré)?

Case 3: Even when considering an edge resolving set ?; of cardinality three drawn from the
union {(Hq) U E(Hz) U &(Hs), the problem persists,

r(& | Re) =1(&10 | Re),
(&3 | R/g) =r(&i7 | Ré)v
(&g | Re) = (s | Re).

These equalities demonstrate that no vertex resolving set of cardinality three can resolve all vertices
in G4(T'e), as shown in Figure 3. Therefore,

£dim (G, (Te)) > 4. (12)
We conclude by inequalities (11) and (12),

&dim(G4(Te)) = 4.
This completes the proof. O
Theorem 3.7. Let G4(Rb) be a graph of Ribociclib . Then {dim(G4(RD)) = 4.

Proof. Consider the connected graph G, (Rb), which has an vertex resolving set Re = {&2, &11, 20,627},

as illustrated in Figure 4. The vertex metric dimension of G, (Rb) is 4.

To demonstrate this, we selected an vertex resolving set with a cardinality of 4 and defined it as
follows,

r(& | Re) = {d(§2)ad(gll)ad(§20)7d(€27)}'
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To validate this statement, we present the following representations in Table 2 for further discus-

sion,

Table 2: Resolving set of the molecular graph of Ribociclib with unique vertex representations.

iR = {d(&),d(en) d(g) d(&n) } | G | r(&lR) = {d(€) d(€1),d (&), d (&) |
12 22 28 26
. . 9 ) o120 2 0 28 . 26
(J,5 43,5+ 12,5+ 13) 7 <] SRR ARy 2)
8 18 . 36 38
AR Y S Y 1 6,5 — 11,5 — 18,5 — 1
3 (2 by —hg — g J) 9 (j—6,7 ,J — 18,5 —13)
4 . . J J .
4 j—a,j+1,](2)+2,j(3)+3 20 3 + 4, 5 —1,0,5 —13
) . . . J J J J
—,9—j,18 — 5,19 — 21 IV pa (L) +2,(2) -6 (2
5,6 (8—-4,9-7,18-3,19—7) (<3)+ ,(3>+ (3> 6,<3>>
7 (10 — 5,9 — 4,18 — 5,19 — 5) 22 (jfg,(l>f3,(l)79,(l)f5)
2 2 2
8 (12— 7,7 — 5,18 — 5,19 — ) 23 (j—11,5 — 16,5 — 19, j — 20)
9 (14— 4,5 — 7,18 — 5,19 — j) 24,25 (G—11,j — 16,5 — 19, — 22)
10 (16 — 5,7 — 9,18 — 5,19 — ) 26 (j—12,5 — 17,7 — 20,5 — 25)
o . . J J J
11 (16 — 4,5 — 11,5 — 2,21 — j) 27 )46, (5)+1,(2)—20
3 3 3
i J J J J I\ (1) _
12 <16 3, 11,(2)+4,(2>+5) 28 ((4)+8,(4>+3,(4),(4) 5)
13 (20 — 5,7 — 11,20 — j,j — 5) 29 (G— 17,5 — 22,5 — 24,5 — 25)
J IN_4(IY_1 (2 10 94 i 05 i
14 ((2)+1,(2) 4,(2) 1, 2)) 30 (j— 19,5 — 24,7 — 25, — 25)
12 22 20 18
1 Py S S 1 i — 21,5 — 26,7 — 25,5 — 2
5 (J RN AR/ 2) 3 (j ,J — 26,7 — 25,5 — 25)
12 . 22 . 24 22 _ . . .

It is evident from each vertices unique representation with R, that R, is an vertex resolving
set of G4 (Rb), which implies,

¢dim (G4 (Rb)) < 4.

(13)

Now, assume {dim (G, (Rb)) > 4. On the contrary, suppose £dim(G;(Rb)) = 3. We consider:

Case 1: Let the path & — &7, &10 — &3 — &1, §17 — &is, E23 — &24, be a bridges. Here,
& and &5 are vertices from Hq, while &5 and &35 are vertices from Hs, £19 and &oo
are vertices from Hs, showing uniform representation. The same representation will
appear at the following vertices if we choose an vertex resolving set from R; C {(H;)
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It is impossible to resolve all the vertices.

Case 2: The same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(Hz) with a cardinality of three,

r(&is | Re) = (&2 | Re),

and the same representation will appear at the following vertices if we choose an vertex
resolving set from R} C {(H3) with a cardinality of three,

(&9 | ng) =7r(&22 | ng)

Case 3: Even when considering an edge resolving set I?; of cardinality three drawn from the
union {(Hq) U E(Hz) U &(Hs), the problem persists,

r(&s | Re) = r(&iz | RE),
(&5 | Re) = 7r(6s2 | Re),
r(&o | Re) = (a2 | Ry).

These equalities demonstrate that no vertex resolving set of cardinality three can resolve all vertices
in G4(Rb), as shown in Figure 5. Therefore,

¢dim(G,(Rb)) > 4. (14)
We conclude by inequalities (13) and (14),

&dim(G5(Rb)) = 4.
This completes the proof. O
Theorem 3.8. Let G,(Tb) be a graph of Tucatinib. Then, {dim(Gs(Th)) = 3.

Proof. Consider the connected graph G(Tb), which has an vertex resolving set Re = {£1,£26,33},
as illustrated in Figure 6. The vertex metric dimension of G,(Tb) is 3.

To demonstrate this, we selected an vertex resolving set with a cardinality of 3 and defined it as
follows,

r(& | Re) = {d(€1), d(&as), dlas) }.

To validate this statement, we present the following representations in Table 3 for further discus-
sion.
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Table 3: Resolving set of the molecular graph of Tucatinib with unique vertex representations.

i | EIRe) = {d(6) d(€0) d(a) | | |7 (ElRe) = {d(€),d(0) . d(Es) }

1 (0,5 +2,j+8) 20 ((;)»(§)7¢<§)1)

2 (4,65 + 4,7+ 3) 21 (j—10,j —17,j — 13)

3 (j — 2,45,65) 22 i=10 (L) 12, (1) -4
b b b 22 b 2

4 (G —2,35,4j +2) 23 (j— 10,5 — 21,5 — 14)

T v (@B
6 (j—4,j+5,j+11) 25 <<g)+z(g>—¢<é>+2>
7 (j—4,7+3,7+9) 26 <(1j3>70,<1‘7;3>+6>
8 G—dj+1j+7) 27 (j—lS,(‘é),(‘;)+2>
9,10 (j—4,j—1,j+5) 28 (j—ls, (i) ~3, (i) —3)

. , . .26 . 48 . 50
11 (j—4,7—3,3+7) 29 (J 2,3—273—2)
26 48 54
12,1 i —4,i—51+7 ;_ 40,28, 9%
,13 (j—4,7-51+7) 30 (J SR AR A )
J J J .26 . 48 . 58
14 = < < 1 — _ 2 52
()+2() (B)re) |n]  (-Fi-5a-5
J J J .26 . 48 62
15 <<3>+4,<3)+1,<3>+7> 32 (] 50d 5 5
16 (j—8,j—11,j—5) 33 (j— 14,5 — 25,0)
20 22 10
) .20 0 22 . 10 A 67 i
7 <] PRI ARV Al > 3 (j— 16,5 — 27,5 — 33)
24 0 22 010 . , ,
18 (J—Q,J—Q,J—Q> 35 (j— 18,5 — 29,5 — 33)
19 (j—10,j = 15,5 -9) 36 (j —20,j — 31,5 — 33)

It is evident from each vertices unique representation with R, that R, is an vertex resolving
set of G4(T'b), which implies,

&dim(G4(Th) < 3. (15)
Now, assume £dim(G4(T'h)) > 3. On contrary, suppose {dim (G4 (Th)) = 2. We consider,

Case 1: Let the path & — & — &9, §16 — 19 — €20, 23 — o7 — &os, €25 — a6, be a bridges.
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Here, £, and &g are vertices from Hy, while &7 and &o4 are vertices from Hy, €35 and £33
are vertices from Hs, showing uniform representation. The same representation will
appear at the following vertices if we choose an vertex resolving set from R; C {(H1)
with a cardinality of two,

r(&a | Re) = (&6 | RE).

It is impossible to resolve all the vertices.

Case 2: The same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(H>) with a cardinality of two,

(€1 | Re) = 7(6oa | RE),

and the same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(H3) with a cardinality of two,

(€3 | Re) = r(&s3 | Ry).

Case 3: Even when considering an edge resolving set I?; of cardinality two drawn from the
union £(Hy) U&(Hz) UE(Hs), The problem persists,

(€| Re) = r(& | Re),
(a1 | Rg) = 7r(62a | R),
(&2 | Re) = (&3 | Re).

These equalities demonstrate that no vertex resolving set of cardinality two can resolve all vertices
in G4(Tb), as shown in Figure 7. Therefore,

£dim(G4(Th)) > 3. (16)
We conclude by inequalities (15) and (16),

Edim(G(Th)) = 3.
This completes the proof. O
Theorem 3.9. Let G(Ob) be a graph of Olaparib. Then dim(Gs(Ob)) = 3.

Proof. Consider the connected graph G;(Ob), which has an vertex resolving set Re = {£7, 19,624},
as illustrated in Figure 8. The vertex metric dimension of G,(Ob) is 3.

To demonstrate this, we selected an vertex resolving set with a cardinality of 3 and defined it as
follows,

r(& | Re) = {d(&), d(€10), d(&an) }.

To validate this statement, we present the following representations in Table 4 for further discus-
sion.
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Table 4: Resolving set of the molecular graph of Olaparib with unique vertex representations.

J (| Re) = {d(§7) ;d (§19) ,d(§24)} J|r(§lRe) = {d(§7)7d(§19) ,d(€24)}

1 (6—7303)+4,7(2)+7) 19 ( —10,0,5 — 14)

) QU AWM +380) | ((é) (1))
3 (. T+4,5(7)) 21 ((f),) () 1(‘%))

4 (G—2,j+5,12+) 22 (j — 10,5 — 19,5 — 20
5 (7—37,7+6,3()+1) 23 (j—10,5 — 19,5 —22)
.10 . 8 . 18 J J
By R 24 A 2) -1
6 (] 2,]+2,J+ 2) ((3>+57(4> ,0>
14 4

8 (j— 7,16 — 4,5 +5) 26 (‘;) () (‘;‘)'—10)
) () e (5) o)
1)+ (1) -2 (1) 2

e | (1662 = (

(
9,10,11 (G—7,j—2,743) 27 ((
(
(

13 (i-3i-Ga-3) |®| G-T@.-sw.i-w)
14 (j—9,j—10,7—5) 30 (j—9(3),5 —26,5 —21)
15 (j—9,5—12,5—17) 31 (j— 25,5 — 26,5 — 21)
16,17 (j—9,j— 14,5 —9) 32 (j— 27,7 — 26,5 — 21)
18 (—10,j — 17,§ — 12)

It is evident from each vertices unique representation with R, that R, is an vertex resolving
set of G4(Ob), which implies,

£dim(G,(0b)) < 3. (17)
Now, assume {dim(G,(Ob)) > 3. On contrary, suppose £dim(G(0Ob)) = 2. We consider,

Case 1: Let the path {g — &12 — 13, §15 — 16 — 18, €16 — 17, §21 — E22 — 23,
€22 — &6, be a bridges. Here, & and &7 are vertices from H;, while &7 and &5 are
vertices from Hs, £24 and &5 are vertices from H3, showing uniform representation.
The same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(H:) with a cardinality of two,

r(és | Re) = (& | Ry),
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it is impossible to resolve all the vertices.

Case 2: The same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(Hz) with a cardinality of two,

(&7 | ng) =7r(&s | Ré)v

and the same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(H3) with a cardinality of two,

r(6oa | Rg) = 7r(8a5 | Ry).

Case 3: Even when considering an edge resolving set R of cardinality two drawn from the
union¢(H;) U £(Hz) U&(Hs), the problem persists,

(& | Re) = r(ér | Re),

(&7 | R/g) =7r(&s | Ré)v
7(62a | RE) = (65 | R).

These equalities demonstrate that no vertex resolving set of cardinality two can resolve all vertices
in G4(Ob), as shown in Figure 9. Therefore,

£dim (G, (Ob)) = 3, (18)
We conclude by inequalities (15) and (18),

¢dim(G,(Ob) = 3.
This completes the proof. O
Theorem 3.10. Let G4(Ab) be a graph of Abemacicilb. Then, £dim(Gs(Ab)) = 3.

Proof. Consider the connected graph G(Ab), which has an vertex resolving set Re = {5, 14,33},
as illustrated in Figure 10. The vertex metric dimension of G,(Ab) is 3.

To demonstrate this, we selected an vertex resolving set with a cardinality of 3 and defined it as
follows,

r(& | Re) = {d(&s), d(€14), d(€as) }.

To validate this statement, we present the following representations in Table 5 for further discus-
sion.
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Table 5: Resolving set of the molecular graph of Abemaciclib with unique vertex representations.

J (& Re) = {d (&5),d (€1a) ,d (&33)} | J | 7 (51 Re) = {d (&5) ,d (€1a) ,d (€33)}
1,2,3,4,5 (5— 4,10 — 5,21 — ) 22 (j ~12, (;) —6, (‘;) 5)

6 (j —5,10 — 4,21 — §) 23 (j —12,4,7)

7 (j—5,5—2,2j+2) 24 ((é)—l <§>—6, (;)—7)

8 (j—5,§—2,2j+1) 25 <(‘é>+7<‘é)+2 <é)+1)

| e e (().0) ()9

10 (j—7,5—8j+3) 27 <<é>+5(‘;><é>—3>

11 (G—7,5—8j+1) 28 ((;><i>+2 (?))

12 <j—124,j—220,j—§> 29 (j — 17,7 — 22, — 25)

13 (j—124,j—224,j—g> 30 (j— 17,5 — 22,5 — 27)

14 <j—128,j—228,j—g> 31 (j — 17,5 — 22, — 29)

15 (j —11,16 — j,j — 6) 32 (j— 17,7 — 22,7 — 31)

16 (j—9,j—12,§-7) 33 (j— 17,5 — 22,5 — 33)

17 (j—9,j—13,5—9) 34 (j— 18,5 — 23, — 32)

18 (j—9,j— 14,5 —9) 35 (j—19,7 — 24,7 — 31)

19 (j—9,j— 15,5 — 11) 36 (j— 21,5 — 26,5 — 33)

20 (j—9,j — 14, — 13) 37 (j— 21,5 — 27,5 — 33)

MECEGID

It is evident from each vertices unique representation with R, that R is an vertex resolving
set of G5(Ab), which implies,

£dim (G, (Ab)) < 3. (19)
Now, assume {dim (G, (Ab)) > 3. On contrary, suppose {dim(G,(Ab)) = 2. We consider,

Case 1: Let the path & — &8 — &9, §16 — 19 — &20, E23 — Eor — Eos, E25 — 26, De a bridges.
Here, £, and &g are vertices from H;y, while €51 and €204 are vertices from Ha, {35 and £33
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are vertices from Hs, showing uniform representation. The same representation will
appear at the following vertices if we choose an vertex resolving set from R; C {(H)
with a cardinality of two,

(& | Rg) = (&6 | RE).
It is impossible to resolve all the vertices.

Case 2: The same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(Hz) with a cardinality of two,

(€1 | Re) = r(6oa | RE),
and the same representation will appear at the following vertices if we choose an vertex
resolving set from R; C {(H3) with a cardinality of two,

(€32 | Re) = r(&ss | Re).

Case 3: Even when considering an edge resolving set ?; of cardinality three drawn from the
union &(Hy) U&(H2) U E(Hs), the proplem persists,

(€| Re) = r(& | Re),
(€1 | Re) = 7(6oa | Re),
r(€s2 | Re) = 1(&s3 | Re).

These equalities demonstrate that no vertex resolving set of cardinality two can resolve all vertices
in Gs(Ab), as shown in Figure 11. Therefore,

£dim(G,(Ab)) > 3. (20)
We conclude by inequalities (19) and (20),

&dim(G5(Ab)) = 3.
This completes the proof. O

4 Conclusion

This study addresses the structures of different cancer drugs and computes their vertex and
edge metric dimensions, resolving a collection of molecular graphs of drugs used in breast cancer
therapy. This paper provided a brief overview of some molecular structures using the metric of
vertices and edges in chemical graph theory. Key nodes, such as proteins, genes, or molecular
targets, may be discovered in the biological network of breast cancer by applying the metric di-
mension idea. The structure’s pivotal points have a major impact on medication resistance or the
advancement of cancer. By concentrating on these nodes, medicines that are more individualized
and effective may be developed. Moreover, Table 6 provides a summary of the key findings.

Table 6: Summary of the result.

Drugs | Vertex Metric Dimension | Edge Metric Dimension
Gs(Te) 4 3
G4 (RD) 3
G4(Th) 3 3
G, (0b) 3 3
G (Ab) 3 3
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Open Problem

Problem 1: Compute the mixed metric dimension for the molecular graph of breast cancer
drugs.

Problem 2: Compute the fault-tolerant metric dimension for the molecular graph of breast can-
cer drugs.
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