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. ABSTRACT
Date Submitted:

March 28, 2026 Twin edge coloring is a proper edge coloring in which the vertex coloring
Date Accepted: induced by the_sum of the_colors assigned to incider!t edges is also proper.
June 21. 202 6. The research'alm_ed to define and construct the Myc_lelskl graph of a given
’ graph, examine its fundamental structural properties, and determine the
Date Published: twin chromatic indfex of the Mycie_lski graphs of _paths, cycles, stars, and
August 12 202‘ 6 tadpole graph_s. Using a mathematical and expository research approach,
’ the study applied established concepts and results in graph theory to analyze
DOL: ';he _sl'gructu:jal crr:ar'(a/lcterislti;(:_s and edgfe-co!ﬁ:in]g Ze_:havior ofI tge_zse graph
: amilies under the Mycielski construction. The findings revealed important
10.5281/zen0do.21899563 properties of Mycielski graphs, including their order, size, degree, radius,

diameter, girth, and circumference, and established results on the twin edge
coloring and twin-chromatic indices of the selected graph families. The analysis demonstrated that the structural
modifications introduced by the Mycielski construction significantly affect twin edge coloring behavior.
Consequently, the study concluded that Mycielski graphs provide a valuable framework for investigating twin
edge coloring and related graph coloring parameters. The results advance twin edge coloring theory and lay
foundation for future research on Mycielskian graphs and other graph coloring problems.
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INTRODUCTION

Graph theory is one of the major branches of discrete mathematics that studies graphs, mathematical
structures used to represent relationships among objects. A graph consists of vertices and edges, where vertices
represent objects and edges represent the connections between them. As noted by N. Biggs, E. K. Lloyd, and R.
J. Wilson, “The origins of graph theory are humble, even frivolous.” Despite its modest beginnings, graph theory
has developed into an important field with numerous applications in computer science, engineering,
transportation, communication systems, scheduling, and optimization, thanks to its ability to model networks and
relational structures.

Among the many topics in graph theory, graph coloring is one of the most extensively studied. In general,
graph coloring involves assigning colors or labels to the elements of a graph subject to specific restrictions to
distinguish adjacent or related elements, thereby avoiding conflicts and enabling the analysis of structural
properties. One important type of graph coloring is edge coloring, in which colors are assigned to edges so that
no two adjacent edges share the same color. Over time, more specialized coloring concepts have emerged,
including those that combine edge colorings with induced vertex conditions.

One such concept is twin edge coloring, which is defined as a proper edge coloring of a graph in which
the induced vertex coloring, obtained from the sum of the colors assigned to the incident edges of each vertex, is
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also proper. The minimum number of colors required for such a coloring is called the twin chromatic index. This
concept is significant because it integrates edge labeling and vertex distinction within a single framework, making
it a more restrictive and mathematically rich form of graph coloring. Consequently, determining the twin
chromatic index of graphs and graph families has become an important problem in theoretical graph theory.

Another concept closely related to this study is the Mycielski graph construction, a well-known graph
transformation that generates a new graph from an existing one while increasing its chromatic complexity without
introducing triangles in certain cases. Owing to its distinctive structural properties, the Mycielski graph has
become an important object of study, particularly in investigations involving graph coloring parameters and
extremal graph theory. The interaction between twin edge coloring and the Mycielski graph construction provides
a meaningful and worthwhile area for mathematical analysis, motivating further investigation into the twin
chromatic index of Mycielskian graphs.

METHODS

This study employed descriptive and expository research methods. The descriptive method was used to
present and explain the essential concepts, definitions, and properties related to the Mycielski graph and twin edge
coloring. Specifically, it described the structure of the Mycielski graph of a given graph, including its fundamental
properties such as order, size, and maximum degree. This method was also used to present the graph families
examined in the study and the corresponding results for their twin chromatic indices.

The expository method was employed to develop and discuss the study’s theoretical framework. Through
this approach, the researcher systematically presented the mathematical definitions, theorems, proofs, and graph
constructions related to the twin edge coloring of the Mycielski graph of selected graph families. It also provided
a logical and coherent explanation of the results' derivation, demonstrating how the conclusions were established
using existing mathematical concepts, proven results, and deductive reasoning.

RESULTS AND DISCUSSION

Definition of Mycielski Graph
A Mycielski graph (also known as Mycielskian) of a graph, denoted by u(G), consists of every vertex
v; € G connected to its duplicated vertex u; such that every u; is adjacent to all vertices in N; (v;) and
all u; is connected to a new vertex w.
Consider the Path Graph Ps in Figure 1,

4] ()] U3 U4 (3

Figure 1. The Path Graph Ps.
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following the definition, the resulting Mycielskian of P5 is shown in Figure 2 below.

U1 Ug U3 Uy Us

Figure 2. The Mycielskian u(Ps).

Properties of Mycielski Graph
General Properties of Mycielski Graph
Let G be a graph of order n, then

lu(G)| =2n+ 1.
Let G be a graph of order n and size m, then

|E(u(G)| =3m+n.
Let G be a graph of order n, then

A(u(G)) = max{2A(G),n}.

If a graph does not contain any 3-cycle subgraphs, then its Mycielskian is triangle-free.

If a graph G is triangle-free, then

w(u(G)) = max{w(G), 2}.
For any graph G,

x(1(6)) = x(6) + 1.

Graph Invariants of Mycielskian of Some Families of Graph

Let P, be a Path Graph of order n, for n > 2, then
§(u(P) = 2.
rad(,u(Pn)) = 2.
circ(,u(Pn)) = 2n.
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5 ifn=2

9(uk) = {4 i;g >3
2 ifn=23
diam(u(Pn)) =<3 ifn=4,
4 ifn=5

Let C,, be a Cycle Graph of order n, for n > 4, then
§(u(cy) = 3.
rad(y(Cn)) = 2.
circ(,u(Cn)) =2n+1.

g(,u(Cn)) =4.
2ifn=4,5
diam(u(Cy)) ={3 if n=6,7.
4 ifn>8

Let S, be a Star Graph of order n, for n > 2, then
5(#(511)) = 2.
rad(u(S,)) = 2.

circ(,u(Sn)) =5.

5 ifn=2
g(”(sn))={4 2;223'

diam(,u(Sn)) = 2.

Twin Chromatic Index of Some Families of Graph

Let P, be a Path Graph of order n, for n = 2, then

4 ifn=3
Xeu(Py)) =45 if n =24
nifn=5

Let C,, be a Cycle Graph of order n, for n > 3, then

xwe = {5, 10

Let S;, be a Star Graph of order n, for n = 3, then
Xe(1(Sp)) = 2n = 2.

823



ISSN: 3116-3475

g ” JERIP International Journal

of Education, Research, and Innovation Perspectives
Volume 2 Issue 8 (August 2026)

CONCLUSION

The Mycielski graph of a graph G is a graph transformation that constructs a larger graph u(G) by adding
a shadow vertex for every original vertex of G, and a new root vertex w. This construction preserves the original
graph while introducing new adjacency relations between shadow vertices and the open neighborhoods of their
corresponding original vertices, as well as between the root vertex and all shadow vertices. Hence, the Mycielski
graph provides a useful structure for investigating how graph transformations affect coloring parameters.

The twin edge coloring of Mycielski graphs depends strongly on the structure of the original graph family.
For path graphs, cycle graphs, and star graphs, the study showed that the twin chromatic index is influenced by
the maximum degree and the induced vertex sums resulting from the edge coloring. In particular, the Mycielski
construction imposes additional restrictions: the edge coloring must be proper, and the induced vertex coloring
must also be proper. Thus, the results of this study provide specific twin-edge coloring values, bounds, and
constructions for the selected families of graphs.
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