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ABSTRACT In this article, we introduce a novel graph-theoretical parameter called the mixed partition
dimension and apply it to the path graph and the hexagonal network. This parameter builds on the concept
of resolvability in graphs, integrating vertex-based partition dimensions with edge-oriented strategies to
characterize the complexity of graph structures. It is the extension of the mixed metric dimension and
partition dimension. Suppose Let R = {W7, Wa, ..., W} } be a partition of the vertex set V(G) of a graph
G = (V.E), where Wy UWo U ---UW;, = V(G)and W, "W, = 0 fori # j. Each subset W; is
non-empty, mutually disjoint, and collectively covers all vertices. The partition set R,,,) is called mixed
resolving partition set if it satisfies: For any two distinct vertices x,y € V, there exists W; € R such
that:d(u, W;) # d(v, W;), for any two distinct edges e1, es € E, there exists W; € R such that:d(ey, W) #
d(e2, W;) and for any vertex © € V and edge e € E, there exists W; € R such that: d(u, W;) # d(e, W;).
The mixed partition dimension of G is the minimum number of subsets in a mixed resolving partition set
R,.»). This parameter provides a unified measure of a graph’s complexity by accounting for both vertex and
edge distinguishability, offering new insights into the structure of complex networks.

INDEX TERMS partition resolving set; edge partition dimension; partition dimension; mixed partition

dimension; hexagonal network

I. INTRODUCTION
HE Chemical graph theory helps scientists understand
T complicated compounds’ structure, making it possible
to build new materials logically with the necessary features in
mind. By bridging the fields of chemistry and mathematics,
this interdisciplinary approach promotes creativity in creat-
ing innovative materials with many uses. Recent develop-
ments in the mathematical modeling of chemical processes
and the use of mathematical ideas in chemistry have led
to a substantial evolution in mathematical chemistry. These
developments are assisting modern drug development tactics
by facilitating interactions with drug models [1]. Chemical
graph theory helps to make sense of and simplify massive,
complex chemical structures, leading to insightful discover-
ies that would be hard to obtain in any other way.
Determining a node’s exact location within a network is
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known as network localization, and it is essential for many
applications. When a computer sends a printing command
within a facility, accurate localization aids in locating the
closest printer, identifying unauthorized connections, find-
ing a broken device, detecting a malfunctioning node, and
tracking the location of a moving robot. Nevertheless, net-
work localization is frequently difficult, expensive, and time-
consuming to do [2].

Slater referred to the idea of the resolving set as having
a graph locating number [3]. He illustrated the importance
of this concept by employing Loran stations and sonar.
Loran stations were considered to be obsolete as soon as
GPS became widely accessible on a commercial level. Later,
Harary and Melter conducted a study on this subject as well,
albeit they used the term metric dimension [4] rather than
location number to describe it. According to Chartrand et

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and

IEEE Access

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2025.3534819

Sikander Ali et al.: The Mixed Partition Dimension: A New Resolvability Parameter in Graph Theory

al., [5], this concept was referred to as the metric basis, and
the resolving set was the smallest set of the metric basis.
Blumenthal had long before characterized the rotating set and
the metric dimension [6].

In geometry or topology, the term mixed metric dimension
usually refers to the concept of space equipped with dif-
ferent measurements or measurements simultaneously. This
concept is used in many areas of mathematics (see metric
geometry, geometric group theory, and geometric topology).
In geometric group theory, we can also talk about mixed
metric dimensions of space, that is, the behavior of space
groups with different metrics. To do this, it is necessary to
understand how measurements work on the geometric shapes
of space and how they interact with the behavior of the group.
Thus, in geometric topology, places with distinct considera-
tions in terms of local distance or size will be associated with
places with mixed metric dimensions. For example, a space
may have an Euclidean metric in some areas and a hyperbolic
metric in others [2].

Partition dimension is an extension of the concept of
metric dimension in graph theory, applied to take a look
at molecular systems in chemical graph concept. While the
metric dimension specializes in figuring out a fixed number
of vertices that uniquely decide the location of each different
vertex based totally on distances, the partition dimension
takes this idea in addition to thinking about the walls of
the vertex set. The mixed partition dimension integrates
the perspectives of metric and edge metric dimensions by
analyzing both vertices and edges through a partition-based.
This unified framework captures the interplay among vertices
and edges in hexagonal networks, which is crucial for appli-
cations like molecular graphs and conversation networks. It is
the extension of metric, edge metric dimension, partition, and
edge partition. In which we take a partition set of the vertices
of the graph and check the distances from both vertices as
well as edges. It uses the concept of mixed metric dimension
(71, [8]

Metric dimensions have many applications in daily life,
inspire scientists, and have been studied extensively. Specif-
ically, identify similar patterns across multiple drugs using
a longitudinal index [9]. Some applications of the dimen-
sionality scale include combinatorial optimization [10], [11],
robot navigation [12], chemical chemistry [13], computer
networks [14], canonical labeled8 location problem, sonar .
and coast guard Loran [3], imaging facilities, weight problem
[15], coding and decoding of the genius game discussed in
[16]. Use of resolving sets in development of a city [17].
To learn more about this dimension’s chemical and physical
components, see [18]-[21]. I learned a lot. For example, [22]
studied the measurement of cell length.

The literature on resolvability parameters is, the metric
dimension of the cellulose network bonds determined in [23],
and the metric dimension of the resulting images of the
base material [24] determining the crystals is Metric. Double
resolving sets are given in [25] and discussion of convex
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polyhedral graphs is shown in [26], a novel resolving param-
eter is discussed in [27], double resolving set of anti-malaria
drug is mentioned in [28] and edge metric dimensions for the
centroid subdivision of the Cayley diagram are given in [29],
as many difficult problems due to their diversity It is solved
using the concept of metric dimension. We refer to [30], [31]
for the solution of many chemical formulas.

The literature of graphs in the field of improvements in
engineering, laptop technological know-how, and graph idea,
addressing real-world challenges [32]-[35]. Key contribu-
tions include cost-efficient carrier feature chain orchestra-
tion in NFV networks, dynamic provisioning for business
applications, and fashions for temporal know-how graphs
[36]-[39]. Applications increase to 3-D reconstruction of
lunar craters, fatigue popularity systems for miners, and
stable transmission in wi-fi networks. Innovations in robotics,
sensible class systems, and UAV-enabled aspect computing
demonstrate large development in healthcare, infrastructure,
and automation [40]-[43]. These research together empha-
size the significance of pass-disciplinary approaches in fixing
complex problems throughout various domains [44]-[48].
For more details about machine learning see [49]-[51].

Definition I.1. Let G = (V,E) be a simple, connected
graph with vertex set V and edge set E. A set R =
{w1,wa, ..., wy} is a collection of vertices of V(G). For any
vertexx € V, edge e = (z,y) € E, and a vertex in w; € R,
the distance between d(x,w) is the shortest path between
vertices © and w and d(e,w) is the shortest path between
vertex e and any vertex in w. A set R is called a mixed
resolving set if for every pair of distinct vertices z,y € V,
distinct edges e1,eo € F, and for vertices and edges, there
exists at least one vertex w; € R such that:d(x,w;) #
d(y,w;) or d(ey,w;) # d(ea,w;) or d(zx,w;) #
d(e,w;). The mixed metric dimension of the graph G is the
minimum number of vertices in the mixed resolving set of G
[52].

We move on to the different combinatorial properties of
mixed-metric generators. The first thing to note is that every
mixed metric generator is both a metric generator and an edge
metric generator. This implies the immediate relationship that
follows. For any graph G,

dim, (G) > maz{dim(G), dim.(G)}
[52].

Definition 1.2. Mixed Partition Dimension

Let G = (V, E) be a simple, connected graph with vertex
set V and edge set E. A partition R = {W1,Wa, ..., Wy} of
V' is a collection of non-empty, disjoint subsets of V(G) such
that Wy UWo U --- U Wy, = V(G). For any vertex x € V,
edge e = (z,y) € E, and a subset W; € R, the distance
between:

o A vertex x and a subset W; is:
d(z, W;) = min{d(z,w) : w € W;},
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where d(x,w) is the shortest path between vertices x
and w.
o Anedge e = (x,y) and a subset W is:

d(e, W;) = min{d(z, W;), d(y, W;)},

where d(x,W;) is the shortest path between vertex x
and any vertex in W,

A partition set R is called a mixed resolving partition set
if for every pair of distinct vertices u,v € 'V, distinct
edges e1,e2 € FE, and for distinct vertices and edges there
exists at least one subset W; € R such that: d(x,W;) #
d(y, W) or d(e1, W;) # d(ex, W;) or d(x,W;) #
d(e, Wz)

The mixed partition dimension of the graph G, denoted
by pd,(G), is the minimum number of subsets in a mixed
resolving partition set of V:

pdm (G) = min{|R| : R is a mixed resolving partition set of G}.

Example 1.3. Here we have an example that illus-
trates the concept of mixed partition dimension. Rp,, =

FIGURE 1. The graph PoOP; = L.

{Rp1, Rp2, Rp3, Rpa} where R,1 = {v1},
Rpa = {vs}, Rps = {ve}, Rpa = {v2, 5,05}

Rpm = {Rp1, Rp2, Rp3, Rpa}

Vertices V1 V2 v3
r(. | Rpm) | (0.2,1,1) | (1,1,2,0) | (2,0,3,1)
Vertices Vg 5 Vg
r(. | Rpm) | (3.1,2,0) | (2,2,1,0) | (1,3,0,1)
FEdes el €2 €3
r(. | Rpm) | (0,1,1,0) | (1,0,2,0) | (2,0,2,0)
FEdes e4 es €6
r(. [ Rpm) | 2.1,1,0) | (1,2,0,0) | (0,2,0,1)
FEdes er — —
r(.| Rpm) | (1,1,1,0) — —

TABLE 1. Representation of edges w.r.t R,,,,, of Figure 1

From Table 1 it is clear that the representation of all
vertices and edges are unique so Figure 1 has 4 mixed
partition dimension.

Il. MAIN RESULTS
In this section, we discussed novel resolvability parameters,
the mixed partition dimension of the path graph, and the
hexagonal network.
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FIGURE 2. path graph

Theorem I1.1. The mixed partition dimension of a graph G
is 3 and it is denoted by pd,, (P,) = 3.

Proof. To prove our claim that the mixed partition dimen-
sion of the path graph is 3, we want to show that the
representation of Ry, ) with cardinality 3 is unique. We
will now use the mixed partition resolving set definition to
demonstrate this assertion. Let Ry, ){ Rp1, Rp2, Rp3} where
Rpl = {al}, Rp2 = {an}, and Rp3 = V(Pn)\{al,an}.
Given below are the unique distances of all vertices and
edges of the path graph that show that the mixed partition
dimension of P, is 3 for n > 2. We make generalized
formulas for distances of all vertices and edges to R,,)
according to Figure2.

d(ai, Rp1) = d(aj,a1) ={ i—1 forl<i<n,
d(ei,Rpl):d(ei,alz{i—l forl <i<mn-1,
d(ai, Rp2) = d(aj,a,, ={ n—i forl<i<n,

d(ei, Rp2) = d(ej,an ={ n—i—1 forl<i<n-—1,
1 foraq,a,

dlas, By ){ 0 otherwise
d(ei,Rps) ={ 0 forl<i<n-—1,

This formulation clearly shows that the path graph’s mixed
partition dimension is 3 because all distances are unique.
Hence prove that the mixed partition dimension of path is
3 and it is represented by pd,,, (P,,) = 3. O

Relationship between existing resolvability parameters
and Mixed partition dimension:

Theorem I1.2. Let G be a connected graph. Then, the mixed
partition dimension pd,, (G) of G satisfies the relation:

pdim (G) = dim,, (G) + 1,
where dim,,, (G) is the mixed metric dimension of G.

Proof. 1) The mixed metric dimension dim,,(G) is the

minimum size of a resolving set S C V(G) U E(G)

such that every element (vertex or edge) of G is

uniquely determined by its distances to the elements

of S.

2) The mixed partition dimension pd,,(G) is the mini-
mum number of partitions II = {Py, P,..., Py} of
V(G) such that every vertex v € V(G) and edge
e € E(G) is uniquely identified by its distances to all
partitions in IT.

3) In any graph, the process of creating resolving parti-
tions inherently adds one additional structural element
over simply selecting a mixed resolving set. The inclu-
sion of the partitioning structure accounts for this extra
element.
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4) Therefore, pd,,(G), which requires both partitioning
and resolving, is exactly one more than dim,,(G),
which only resolves the elements.

Hence, the relationship holds:

pdi (G) = dim,,, (G) + 1.
O

Corollary: This result can be extended to specific graph
families, such as paths, cycles, and trees, where the mixed
metric dimension and partition structures are more explicitly
computable.

Ill. MIXED PARTITION DIMENSION OF HEXAGONAL
NETWORK

This section defines and explains the hexagonal network’s
mixed partition dimension. The new mixed partition di-
mension provides a more thorough framework for assessing
network complexity, which combines edge- and vertex-based
resolving partition. We develop a technique to uniquely iden-
tify each node in the network by splitting its vertices and
edges into different partition-resolving sets. The hexagonal
network is a perfect model to demonstrate the potential of
this new dimension because of its rich structural features and
numerous applications in chemistry and nanotechnology.

A. CONSTRUCTION OF HEXAGONAL NETWORK

In Figure 3, the red color represents edges with a degree of
end vertices 2 and 4.. The blue edges ended with vertices of
degree two, and the black color is for all edges with degree
endpoints 4. The green color is used for two-degree corners.
The two-colored corners are the points of the evaluation
process. ai,1,a1,2h+1,a1,0+1 Since the 2 level is green and
red, these points are the trap of the owner of the analysis.
Let v and h denote the vertical and horizontal number of

Al ey & ey @ ey :’ e % e 331 ey L
c o a1 Ch11
alz. e ag €2 336 en ag €2 352. en12 332 ez,znaZM‘z.
C12 C2 C32 Ch12

[ ] @ ® | ® { ®

[ { ] o { [ o [
a1v. o aé_v ey agy. ey 63 e, v ‘ ent an, Eny azh~1‘v.
cuy 2y Coy G

€on,

o 2 e ® e 9. Mazh.m.l

FIGURE 3. Generalize network derived from Hexagon

Cs and v,h > 2, v,h € Z7%. The count of nodes of
degree two are 2h + v + 3, and the node of degree 4 are
5h + 4v — 3 — (2h + v). The total number of vertices of

4

HNp o is |[V(HNp )| = (2h + 1)(v + 1), and number of
edges |[E(HNp )| = (2h+1)(v + 1) + 1. h and v are two
parameters are used and two index (, & are used for drawing;
where 1 < ¢ < h and ¢ vary twice with v. Figure 3 shows
our main results’ log on vertex and edge clusters. The edge
and vertex set of the network are

B. EDGE AND VERTEX SET

E(HN) ={aija;j+1, 0 ji+1531 <i<v, 1 <j<2h+1}

Theorem IIL.1. Let HN;, , be a hexagonal network for
h,v > 1, then the mixed partition dimension is 4 and denoted
by pd,,(HNy, ) = 4.

Proof. To prove our claim that the mixed partition di-
mension is 4, we want to show that the hexagonal net-
work has partition and edge partition dimension 4 at the
same partition resolving set R,,,). We will now use the
mixed partition resolving set definition to demonstrate this
assertion. Let Ry, ){Rp1, Rp2, Rps, Rpa} where R, =
{a11}, Ry = {aany11}, Rpz = {a1.41} and
Rp4 = V(HN)\{aLl,a2h+1,1,a1,v+1}. Given below are
the unique representation of all vertices and edges of H Ny, ,,
for h,v > 1.

an en a &1 as

Co1
Cu1
a2 axp €& azy
FIGURE 4. Hexagon
Rpm){Rpla Rp27 Rp3» Rp4}
vertex a1 a1 as,i
([ Rpm)) | 02, LD | (1LL20) | 2.03.D)
vertex a2 a2 as,2
r( [ Rpm)) | 230D [ (2210 | (3120
FEdges e1,1 €21 €1,1
r(. | RBpm)) | (0,1,1,0) | (1,0,2,0) | (0,2,0,1)
Edges €12 €22 c2,1
(.| Rpm)) | (1,200) | 2,1,1,0) | (2,0,2,0)

TABLE 2. Codes of nodes and edges of Figure 4

Table 2 shows the unique representation of all vertices and
edges of the hexagonal network. So R is mixed partition
resolving set of cardinality 4.
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Now we want to show the representation for h = 2 = v

ag el a1 en ag; &1 Y en asy

o ® ® o
C11 Co1 Ca1
an a; A2 as2

e B S ~ e
C12 C22 C32

® ® ® ®

913 €3 a3 €3 a3 e33 1 €43 as3

FIGURE 5. 2 by 2 Hexagone

The revolving set is Rpm){Rp1, Rp2, Rp3, Rpa}

vertex a1 az 1 as,1 a4,1 as,1
r(.| Rpm)) | (042,1) | (1,33,00 [ 2,24,0) | (3,1,50) | (4,0,6,1)
vertex a2 az 2 as,2 a4,2 as,2
(. [Rpm)) | (410) | 243.0) | 333.0) | 4240) | (5.15.0)
vertex ai,3 a3 as.3 a4,3 as,3
r(.[Rpm)) | (2,60,D) | 351,00 | 4420 [ (5330 [ (6240
FEdges e1,1 €21 €31 €4,1 C1,1
r( [Rpm)) | (03.2.0) | (1.23.0) | (2.1.40) | 3.0.5.0) | (0.4.1,0)
FEdges e1,2 €22 €3,2 €4,2 C2,1
r( [Rpm)) | (I410) | 23.20) | 323.0) | 4.1.40) | 223.0
FEdges €1,3 €23 €33 €4,3 C3,1
r( [Rpm)) | 2.5.0.0) | 34.10) | 343.20) | (523.0) | 40.5.0
FEdges c1,2 C2.2 c3,2 — —
([ Rpm)) | (15,0,0) [ 3320) | (5.140) — —

TABLE 3. all codes w.r.t nodes and links of Figure 5

Table 3 shows the hexagonal network’s unique representa-
tion of vertices and edges. So R,,,) is a partition resolving
a set of cardinality 4. Now we want to make generalized
formulas of distances that are unique.

GENERALIZED FORMULAS OF DISTANCE TO CHECK
UNIQUENESS

A general expression for the distance for all vertices and
edges of a hexagonal network shows that the mixed par-
tition dimension is 4 since each distance is different. Let
d(aij, Rp1) = Wh,d(aij, Rpe) = Wa,d(aij, Rps) =
Wg, d(ai,j, Rp4) = W4 and r(ai,j | R) = (wl, wg,wg,w4)

wlz{iJrij forl1<i<h,and1 <j <w.
wy={ 2h+i—j forl1<i<h,and1<j<w.
={ h+i—j forl<i<h,andl1<j<uw.

W — 1 for ai,1,a1 2n+1, 01,041
4 0 otherwise

Let d(ei j, Rp1) = wi,d(eij, Rpe) = wy,d(e;j, Rys) =
ws, d(ei j, Rpa) = wy and r(e; j | R) = (wi, wy, ws, w))

VOLUME 4, 2016

wy={i+j—2 for1<i<h,and1<j<u,
wy={2h+i—j—1 for1<i<h,and1<j<w.
={ h+i—j for1<i<h,and1<j<v,
wy={ 0 forall

Let d(c; j, Rp1) = wY,d(cij, Rp2) =
wg’, d(CiJ‘7 Rp4) = ’U)X and T(Ci’j | R)

wy, d(ci g, Rps) =
(wl ’ wg? w:lsl’ wZ)

wf={2i+j-3 forl<i<h,and1<j<v,
wz—{2h+z—2]+1 forl1<i<h,and1 <j <w.
w37{h+2z—]—2 forl1<i<h,and1 <j <w.
w4—{ 0 forall

Let A\; and )\, be any two random vertices on hexagonal net-
work HN}, . Let Rpy){a1,1,a1,20+1, 01,041} and WLOG
denotes without loss of generality and this would imply that
represented by TWIT.

Case I: When \; = a; , and Ay = a; then further 4 cases
accore.

Case 1:if i = i , j # j then WLOG we say that j < j
TWIT d()\l,alyl) 7& d()\g,alyl) . because d()\l,alyl) =
d(Xg,a11) +twheret =i —isor(\ | R) #r(h | R).
Case 2:if i # i ,j = j then WLOG we say that i < i
TWIT d()\l,am) 7é d()\g,al,l) s because d()\l,am) =
d(Xa,a1.1)+swhere s = 2(i' —i)sor(Ay | R) # r(Ag | R).
Case 3: if 1 # i, j # j/ then WLOG we say that
j < j i< i TWIT d(A,R) # d(\2,R) , because
d(M\, R) = d()\g, R) + (s + t)ysor(A1 | R) Zr(Xe | R).
When i # i , j # j the positions of A; and A,
where d()\l,al,l) = d()\Q,al’l),then d()\l,a112h+) #
d(A2, a1,2n41)-

One can note from the Figure 3 when d(Ai,a11) =
d()\g,am) TWIT d(/\z,a1,2h+1) 75 d(/\l,a1,2h+1) also
d(A2,a10n4+1) = d(M,a12n4+1) TWIT d(M,a11) #
d()\g, 01171).

we discuss all cases where d(A1,a11) # d(A2,a1,1) while
d(A1,a1,2041) = d(X2, a1,2141)
or d()\1,a171) = d(/\27&1,1)
d(>\2,al,2h+1)- , ,
Case 4: if i = i ,j # j and WLOG we can say that
j< j' then d(A1,a11) # d()\g,al 1) Because d(\1,a1,1) =
d(Az,a11) + t wheret =i —m so r(A1| R) #r(A2 | R).
Case 5:if i # i ,j = j and WLOG we can say that
1< Z then d()\l,alyl) 7é d()\g,alyl) Because d()\hal’l) =
d(Xg,a11) + s where s = 2(i° —m) so (A | R) # ()2 |
R).

Case 6: if i # i , j # ] and WLOG we can say that
i < i ,j < j then d(A;,R) # d(\2, R) Because
d(A,R) =d(M2, R)+ (s+t)sor(A1 | R) Zr(X2 | R).
From all the above cases, there is no possibility that the two

, d()\h (l1,2h+1) 7'5

5
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representations are identical. This shows that pd,,, (G) < 4.
Contrary Case

For pdm(HNh,v) > 3

~ pdm<HNh)v) <3

= pdy(HNy,,) = 1,2. The mixed partition dimension is
not 1 because one is not possible for a path graph so 1 is not
for this structure. The mixed partition dimension is not 2 we
discussed some reasons.

Case 1:

LetR] C {ai,j,a;+1:1<i<h,l<j<2v} with the
cardinality of 2, the analogous descriptions are provided by
r(ay;|Ry) = r(cy;|RY).

Case 2:

LetR’l Q {ai,j,aHl’j 01 S 7 S h ,1 S ] S 21}} with the
cardinality of 2, the analogous descriptions are provided by
r(ay;|Ry) = r(e1 | RY).

Case 3:

LetR'l Q {ai,j,ai+17j+1 01 S ) § h ,]. § j S 21)} with
the cardinality of 2, the analogous descriptions are provided
by r(a142,;|R)) = r(eiy2,;|RY).

Hence the mixed partition dimension is not 2 so the mixed
partition dimension of the hexagonal network is 4. Hence
prove that the pd,,(H N}, ,,) = 4. O

IV. APPLICATION

Introducing the Mixed partition dimension, which considers
both vertex and edge partitions to offer a greater compre-
hensive analysis of graph systems, opens up a new avenue
for applications throughout numerous fields. Here are several
ability applications. These applications are based on all other
resolvability parameters.

Advanced Network Optimization: In telecommunica-
tions and records networks, the Mixed partition dimension
can optimize routing algorithms by thinking about both nodes
and connections. This dual attention reduces latency, im-
proves facts throughput, and enhances common community
robustness. It also aids in the early detection of network
failures or inefficiencies.

Integrated Urban Planning: Urban planners can use the
Mixed partition dimension for designing and optimizing in-
tegrated application networks (water, electricity, sewage) and
transportation structures. By studying infrastructure nodes
and connections, planners can make certain efficient use-
ful resource distribution and minimize provider disruptions,
mainly to smarter cities.

Enhanced Cybersecurity: In cybersecurity, the Mixed
partition dimension can improve the detection and preven-
tion of cyber threats. By tracking endpoints (nodes) and
statistics pathways (edges), safety structures can perceive
anomalous behaviors, including the unauthorized right of
entry or records breaches, thereby offering a greater holistic
protection approach.

Biological Network Analysis: In systems biology, the
Mixed partition dimension facilitates understanding compli-
cated biological networks consisting of metabolic pathways,
protein-protein interactions, and neural networks. By think-
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ing about both interactions and additives, researchers can
benefit from insights into ailment mechanisms, drug goals,
and the overall functionality of organic structures.

Smart grid management: Mixed partition dimension for
power grid can enhance the power distribution management
by simultaneously considering power stations (nodes) and
transmission lines (edges) These two analyses improve load
balancing, prevent blackouts, have better integration of re-
newable energy, and are a contributor.

Robotic swarm coordination: Mixed partition dimen-
sion in swarm robotics can improve robot communication
and task allocation. Looking at robots (nodes) and their
communication channels (edges) ensures better coordination,
division of labor, and fault tolerance, and enhances the overall
productivity of the robot.

Detailed social network analysis: In social network anal-
ysis, the mixed partition dimension provides a deeper under-
standing of social networks by analyzing individuals (nodes)
and their relationships (streams) This method helps to iden-
tify key influences, understand community structures, and
model the expansion exactly information or actions.

Integrated transportation design: Mixed partition di-
mension for optimizing transport networks considers both
roads (edges) and stations or junctions (nodes) This inte-
grated approach improves traffic management, reduces acci-
dents, and improves the public transport system works well.

Complex Systems Engineering: In engineering complex
systems, such as aerospace or car systems, mixed partition
dimension helps to analyze components (nodes) and their
connections (edges) This detailed analysis helps to improve
system reliability, find potential failure areas, optimizing
system design.

Environmental Monitoring and Management: In envi-
ronmental sciences, the hybrid separation scale can be used
to manage and manage ecosystems through species (nodes)
and their interactions ( water) to be analyzed This approach
helps to understand ecological networks, evaluate conserva-
tion efforts, and predict environmental impact changes.

By introducing the mixed partition dimension, researchers
and practitioners can gain a more nuanced and compre-
hensive understanding of networks and systems, leading to
increased performance, reliability, and productivity across
various applications.
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FIGURE 6. Pichart

Here is the pi 6 chart representing the applications of the
blended partition dimension throughout diverse fields. Each
pie chart slice corresponds to a utility location, and they are
proven as similarly allotted for simplicity.

Advantages of mixed partition dimension over traditional
measures:

The mixed partition dimension (MPD) offers a good-sized
development inside the area of graph resolvability, address-
ing obstacles of conventional measures like the metric dimen-
sion (MD) and edge metric dimension (EMD). By incorporat-
ing a partition-primarily based technique, MPD extends the
scope of graph theoretical analysis to a broader range of real-
world applications.

From optimizing sensor placement in community layout
and ensuring efficient site visitors go with the flow in city
systems to enhancing telecommunications and reading or-
ganic networks, MPD offers a robust framework for uniquely
resolving nodes and edges. Its capability to partition graph
factors helps hierarchical and aid-green solutions, making
it a flexible tool for tackling complex troubles in logistics,
emergency reactions, and secure communications.

The concrete use cases discussed show that MPD is not
simply a theoretical extension but a practical metric with
tangible blessings in various fields. This positions MPD as a
precious addition to the suite of graph invariants, paving the
manner for revolutionary solutions to real-world challenges.
Future studies can explore its implementation in greater
specialized domains, similarly solidifying its relevance and
software.

COMPARISON BETWEEN MIXED PARTITION
DIMENSION AND EXISTING RESOLVABILITY
PARAMETERS

Graphs MD | PD | MMD | MPD
Path graph 1 2 2 3
Cycle graph 2 3 3 4
Hexagonal sheet 2 3 3 4
Ladder 2 3 3 4

TABLE 4. Comparison MD, PD, MMD, and MPD

VOLUME 4, 2016

Here MD is the metric dimension, PD partition dimension,
MMD is the mixed metric dimension and MPD is the mixed
partition dimension. Table 4 shows the comparative analysis
with existing resolvability parameters and mixed partition
dimensions. For the results see [8], [53]

CONCLUSION

In this work, we introduce a novel resolvability parameter
named the Mixed Partition Dimension and confirm its utility
on unique graph lessons. The mixed partition dimension of
a path graph is 3, and a hexagonal network has a mixed
partition dimension of 4. These effects monitor that a graph’s
structural complexity and geometric arrangement substan-
tially affect its mixed partition dimension. The parameter af-
fords a strong framework for reading and evaluating distinct
graph structures, highlighting its capability for further.

FUTURE WORK
One can work on mixed partition dimensions and exchange
property for any structure.

CONJECTURE
Let G be any graph then

pdim (G) > max{pd(G), 6pd(G)}

OPEN PROBLEM
There is a graph showing that inequality is true ?.

pdin(G) < pd(G) or epd(G)
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