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1. ABSTRACT

Graph theory is one of the prosperous branches of mathematics with widespread appli-

cations to combinational and arithmetic aspects. The thought of graph theory can be used to

form various mathematical models for applied applications in Operation Research, Manage-

ment, Engineering; specially in research areas of computer science such as data mining, image

segmentation, clustering, image capturing, networking which is used in structural models etc.

These structural arrangements of different objects or tools lead to new modifications and inven-

tions in the existing situation for development in those fields.

Many real life problems can be modeled and converted into graph theoretical problems and

then tried for solution. The concepts of graph theory can also be used in medical science to

study the structures of DNA and RNA. Electricity cable network, water cannel network and

Google map are well-known applications of graph theory.

The concept of graph labeling is the interesting field of research in the current area for many

researchers. A labeling of a graph G= (V,E) is a mapping that carries vertices, edges or both to

the set of labels (usually to the positive or non-negative integers). At present various graph la-

beling techniques are available such as graceful, harmonious, prime, cordial, geometric, mean,

magic type, square sum, permutation and combination etc. The interest in the field of graph

labeling is constantly increasing and it has motivated many researchers. Graph labeling has

its wide range of applications in different fields such as X-ray crystallography, circuit design,

astronomy, coding theory, cryptography and communication networks design.

In this synopsis, and later in the thesis we consider simple, finite, undirected and connected

graph G = (V,E) with order p and size q. We have mainly focused upon the graph families

which satisfy the conditions of different graph labeling techniques such as square sum labeling,

neighborhood-prime labeling, permutation and combination labeling of graphs.

We have introduced strongly even mean labeling and found some basic graph families which

satisfy the conditions of this labeling. We have also derived the necessary condition for strongly

even mean graph and derived some interesting algebraic results. We have solved some conjec-

tures and open problems in different graph labeling. The interesting part of this work is the

study some algebraic properties of different graph labeling techniques under graph operations.

2. BRIEF DESCRIPTION ON THE STATE OF ART OF THE RESEARCH TOPIC

The field graph theory started its journey from the Königsberg Bridge problem[7] in 1736.

This problem leads to the concept of Eulerian Graph. Leonhard Euler (1707-1783) studied and
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solved this problem by constructing a graph structure, called Eulerian graph. In 1840, Möbius

gave the idea of complete graph and bipartite graph. Kuratowski discussed about nonplanar

graphs. The concept of tree (a connected graph without cycles) was implemented by Gustav

Kirchhoff in 1845 and he employed graph theoretical ideas in the calculation of currents in

electrical networks or circuits.

In 1852, Thomas Gutherie found the illustrious four colour problem. After a substantial brain

storming of different mathematicians, this problem was solved by Apple and Haken[14, 15] in

1977. Then in 1856, Thomas Kirkman and William Hamilton studied cycles on polyhydric

and invented the concept called Hamiltonian graph by studying trips that visited certain sites

exactly once. In 1913, Dudeney mentioned a puzzle problem.

Caley studied particular analytical forms from differential calculus to study the trees. These

had many implications in theoretical chemistry. This leads to the invention of enumerative

graph theory. In 1941, Ramsey worked on colorations which lead to the identification of an-

other branch of graph theory called extremal graph theory. The concept of energy of a graph

was introduced by Gutman[6] in the year 1978.

One of the important area in graph theory is graph labeling. The credit goes to Rosa[1] to

explore this innovative idea in 1967. Let G = (V,E) be a graph with order p and size q. Rosa[1]

called an injective function f : V (G)→ {0,1,2, . . . ,q} as β -valuation of graph G if each edge

xy is assigned the label | f (x)− f (y)| are distinct. Subsequently Golomb[41] called such label-

ing graceful and which is now well-known term in graph labeling.

Graham and Sloane[27] called an injective function f : V (G)→ ({0,1,2, . . . ,q},+q) as har-

monious labeling of graph G if each edge xy is assigned the label ( f (x) + f (y))(modq) are

all distinct. A huge quantity of literature is available on graceful and harmonious labeling of

graph, Also different variant of graceful and harmonious labeling was studied by different au-

thors. There are some open problems and conjectures which are the furthermost attraction of

this field.

Cahit[5] called a function f : V (G)→{0,1} as cordial labeling of a graph G if each edge xy

is assigned the label | f (x)− f (y)| such that the number of vertices labeled 0 and the number

of vertices labeled 1 differ by at most 1; and similarly the number of edges labeled 0 and the

number of edges labeled 1 differ at most by 1. He proved that tree, complete graph Kn iff n≤ 3,

wheel graph Wn iff n 6≡ 3(mod4) are cordial graphs[5]. There are different variants of cordial

labeling such as k-cordial labeling, L-cordial labeling etc. are available and huge amount of

literature is accessible.
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Sundaram, Ponraj and Somasundaram called a function f : V (G)→ {0,1} as product cor-

dial labeling of a graph G if each edge xy assigned the label f (x) f (y) such that the number

of vertices labeled 0 and the number of vertices labeled 1 differ by at most 1; and the number

of edges labeled 0 and the number of edges labeled 1 differ at most by 1. They proved that

trees, unicyclic graphs of odd order, triangular snakes, dragons, helms etc. are product cordial

graphs[22].

Varatharajan, Navaneethakrishnan and Nagarajan[30] called a function f : V (G)→{1,2, . . . ,

p} as divisor cordial labeling of a graph G if each edge xy is assigned the label 1 if f (u)| f (v)

and 0 otherwise in such a way that the number of edges labeled 0 and the number of edges

labeled 1 differ at most by 1. They proved that path, cycle, wheel, stars and some families of

complete bipartite graphs are divisor cordial graphs.

Vaidya and Barasara[31] called a function f : E(G)→{0,1} as edge product cordial labeling

of graph G if for each vertex x assigned the label ∏{ f (xy)|xy ∈ E(G)} such that the number of

vertices labeled 0 and the number of vertices labeled 1 differ by at most 1; and the number of

edges labeled 0 and the number of edges labeled 1 differ at most by 1. They proved that cycle

Cn for n odd, tree with order greater than 2, helm, closed helm, web, flower, gear etc. are edge

product cordial graphs.

Entringer called a bijection f : V (G)→{1,2, . . . , p} as prime labeling of graph G if for each

edge xy, gcd( f (x), f (y)) = 1. Prime labeling was discussed in a paper by Tout, Dabboucy

and Howalla[2]. Entringer stated conjecture that All trees have prime labeling. Later Hax-

ell, Pikhurko, Taraz[24] proved that all large trees have prime labeling. Seoud, Sonbaty and

Mahran[18] derived the necessary and sufficient conditions for a graph having prime labeling.

Patel and Shrimali[36] called a bijection f : V (G)→{1,2, . . . , p} as neighborhood-prime la-

beling of graph G if for each vertex v∈V (G) with deg(v)> 1, gcd{ f (u) : u∈N(v)}= 1. They

proved that path Pn, cycle Cn when n 6≡ 2(mod4), helm, closed helm, flower are neighborhood-

prime graphs. They also proved that Petersen graph P(n,k) is a neighborhood-prime graph

when n and k are relatively prime.

Somasundaram and Ponraj[39] called a function f : E(G)→ {0,1, . . . ,q} as mean labeling

of graph G if edge xy is assigned the label
⌈

f (x)+ f (y)
2

⌉
, where dxe is a ceiling function of x,

such that the resulting edge labels are distinct. They proved that path Pn, cycle Cn, Pn×Pm

and Pm×Cn are mean graphs. Much literature is available in printed as well as electronic form

related to mean labeling of graphs.

Pricilla[23] called an injective function f : V (G)→{2,4,6, . . . ,2q} as even mean labeling of
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a graph G if each edge xy is identified the label f (u)+ f (v)
2 such that the outcome edge labels are

distinct. She proved that cycles of odd length consist even mean labeling. Vaidya and Vyas[34]

proved that shadow graph, total graph and middle graph of path, duplication of each vertex by

an edge in path graph, P2
n , P3

n , double fan, restricted square and splitting graph of bistar graphs

consist even mean labeling.

Ajitha, Arumugam and Germina[44] called a bijection f : V (G)→ {0,1,2, . . . , p− 1} as

square sum labeling of a graph G if for each edge xy is assigned the label ( f (x))2 +( f (y))2,

which are all distinct. They proved that complete graph Kn for n ≤ 5, cycle Cn for n ≥ 3,

tree, cycle-cactus C(k)
n and complete lattice grids Pm×Pn are square sum graphs. Germina and

Sebastian[13] proved that unicycle graphs, cycles with a chord and the graph obtained by join-

ing two copies of cycle Cn by a path Pk are square sum graphs. Germina and Sebastian[12]

proved that shadow graph of K1,n and Pn, splitting graph of K1,n and Pn are square sum graphs.

They stated one conjecture that Union of two square sum graphs is also a square sum graph.

Shiama[11] proved that middle graph of path, middle graph of cycle, total graph of path and

total graph of cycle are square sum graphs.

Hegde and Shetty[40] called a bijection f : V (G)→ {1,2, . . . , p} as combination labeling

of graph G if each edge xy is assigned the label ( f (x))!
| f (x)− f (y)|!( f (y))! ( f (x) > f (y)), which are all

distinct. They proved that complete graph Kn iff n ≤ 2, cycle Cn iff n ≥ 4 are combination

graphs. They also derived necessary condition for a graph G = (p,q) become a combination

graph stated as 4q≤ p2; i f p is even.

4q≤ (p2−1); i f p is odd.

Seoud and Al-Harere[20] proved that two copies of cycle Cn sharing a common edge, graph

consisting of two cycles Cn joined by a path Pn, corona of triangular snake Tn with K1 are com-

bination graphs. Pak Ching Li[26] proved that wheel graph Wn for n ≥ 7 and rooted tree with

the property that the depth of any two leaf nodes are the same are combination graphs. Seoud

and Al-Harere[21] proved that Kn,n \{e} is non-combination graph for n≥ 3. They also proved

that the graph G = (p,q) is a non-combination graph if it has more than one vertex of degree

p−1.

Hegde and Shetty[40] called a bijection f : V (G)→ {1,2, . . . , p} as a permutation labeling

of graph G if each edge xy is assigned the label ( f (x))!
| f (x)− f (y)|! ( f (x) > f (y)), which are all dis-

tinct. They proved that complete graph Kn is permutation graph for n ≤ 5. Baskar Babujee

and Vishnupriya[9] proved that path Pn, cycle Cn, star graph K1,n, graph obtained by adding a
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pendant edge to each edge of star graph and complete binary tree with at least 3 vertices are

permutation graphs.

Seoud and Salim[20] obtained all permutation graphs of order ≤ 9. They proved that every

bipartite graph of order at most 50 is a permutation graph. They stated the conjecture that Every

bipartite graph is a permutation graph. Shiama[10] derived some permutation graphs related

to graph operations shadow graph and splitting graph. Sonchhatra and Ghodasara[32] proved

that cycle with one chord, cycle with twin chords, P2+Kn, book graph, tadpole and lotus inside

a circle are permutation graphs.

According to Beineke and Hegde[16], graph labeling is described as a frontier between num-

ber theory and structure of graphs. An enormous body of literature has grown around the sub-

ject, especially in the last three decades, which is regularly updated by Gallian[8] and it is

published by The Electronic Journal of Combinatorics.

3. DEFINITION OF THE PROBLEM

With the help of literature survey, we find a good number of qualitative results available

on different graph labeling techniques, some open problems and conjectures. We tried to find

square sum labeling pattern for a graph in context of duplication of vertex. We also derived

square sum labeling for bistar related graphs. We have given a counter example for the conjec-

ture posed by Germina and Sebastian[12]. Permutation and combination labeling techniques

sturdily associate number theory to graph theory. Hegde and Shetty[40] strongly believed that

every tree is a permutation graph. We have proved that all trees are permutation graphs. We

invigilate that in even mean labeling of graphs, there is no enough labels for tree. So we

introduced strongly even mean labeling. We found some algebraic properties and necessary

condition for graph satisfying strongly even mean labeling. We found some basic graphs which

satisfy the conditions of strongly even mean labeling. Conclusively, in this research project we

explored some new families of graphs which satisfy square sum, neighborhood-prime, strongly

even mean, permutation and combination labeling.

4. OBJECTIVE AND SCOPE OF WORK

The main objective of present research work is to generate new direction to gain knowledge

in the area of graph labeling. The graph labeling is aimed to cover a diversity of applications

in manifold fields. After studying different graph labeling techniques, the following objectives

may be fruitful:
7



z Using combination of theoretical knowledge and independent mathematical thinking,

try to find unique graphs and its families which satisfy particular labeling technique.

z Some new labeling techniques can be invented which will give new direction to young

researchers for development in the research field of graph labeling.

z Find a graph which satisfies one labeling techniques but not the other one with particular

reason. It gives the relation between different labeling techniques.

z Intensive study of graph labeling technique may help to solve conjectures and open

problems.

z Properly formulate a graph problem and apply suitable labeling techniques to produce

innovative results in this track.

z It will be helpful to find link between graph theory and other field of Mathematics

(such as number theory, combinatorics, algebra, linear algebra, topology etc.) which is

an important aspect of research in graph theory.

There is a good scope to investigate equivalent results for different graph families.

z Derive results on square sum labeling for wheel, gear and helm related graphs.

z Derive results on square sum labeling for line graph, middle graph and total graph of

different graph families.

z Derive necessary and sufficient condition (if possible) for a graph to become a square

sum graph.

z Derive results on permutation labeling for generalized petersen graph.

z Derive results on combination labeling for union of graphs.

z Derive results on combination labeling for complete lattice grid and its related graphs.

z Derive results on neighborhood-prime labeling for tree and its related graphs.

5. ORIGINAL CONTRIBUTION BY THE THESIS

The main contribution of presented research work is on different graph labeling techniques.

Square sum labeling of graphs:

z We study some properties of square sum graph and we discuss square sum labeling in

context of duplication of graphs.

z We find counter example of conjecture by Germina and Sebastian[12].

z We prove that the graph obtained by joining two copies of specific graph by a path of

arbitrary length admits a square sum labeling.

z We also discuss some square sum graphs in the context of arbitrary super subdivision.
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z We prove that restricted square graph, splitting graph and shadow graph of Bn,n are

square sum graphs. We also prove that restricted total, restricted middle and degree

splitting graph of Bn,n, duplication of vertex and arbitrary super subdivision of Bn,n are

square sum graphs.

Strongly even mean labeling of graphs:

z We discuss some algebraic properties of strongly even mean graph.

z We prove that complete graph Kn for n ≤ 3, tree, cycle Cn, crown Cn�K1, one point

union of k copies of Cn, complete lattice grid and dumbbell are strongly even mean

graphs.

Permutation labeling of graphs:

z We investigate that tree, complete bipartite graph K3,n for n+ 3 is prime, wheel graph

Wn for n+1 is prime, dumbbell graph Dn,k,2 (n,k ≥ 3), t∗-ply Pt∗(u,v), Petersen graph

P(5,2), crown graph Cn�K1 (n ≥ 3), one point union of k copies of cycle Cn and

middle graph of cycle Cn are permutation graphs.

z We prove that wheel graph, restricted square and degree splitting graph of bistar graph

are permutation graphs. We also prove that arbitrary super subdivision of path graph,

star graph and cycle graph are permutation graphs.

Combination labeling of graphs:

z We prove that some cycle and wheel related graphs obtained with the use of some graph

operations are combination graphs.

Neighborhood-prime labeling of graphs:

z We prove that some cycle related graphs obtained with the use of some graph operations

are neighborhood-prime graphs.

6. METHODOLOGY OF RESEARCH, RESULTS/COMPARISONS

Initially I started with reading books and some research papers in the area of graph theory

published in the reputed journals. This helped to develop my cohesive and conceptual thinking.

We adopted some mathematical concept related to graph theory and number theory. Parallelly

I focused on LATEX, which is an effective tool for high-quality typesetting for publication of

research work. Later was the study of research methodology tools like expansion of past work,

modification of mathematical results, development of new results and efforts to solve conjecture

used for further research work. After that we got proper direction to work on different graph

labeling techniques like square sum labeling, strongly even mean labeling, neighborhood-prime
9



labeling, permutation and combination labeling. Combinatorial and induction methods have

also been used to construct and verify labeling pattern for a particular graph lebeling defined

for given graph family.

6.1. Square sum labeling of graphs. The square sum labeling is closely connected to the

Diophantine Equation x2 + y2 = n. The following results on square sum labeling of graphs are

derived during this research project.

Theorem 6.1. The graph obtained by duplication of any vertex in Kn is a square sum graph iff

n≤ 7.

Theorem 6.2. Petersen graph P(5,2) is a square sum graph.

Theorem 6.3. The graph obtained by duplication of any vertex in Petersen graph P(5,2) is a

square sum graph.

Theorem 6.4. The graph obtained by duplication of any vertex in star graph K1,n is a square

sum graph.

Theorem 6.5. The graph obtained by duplication of any vertex in cycle Cn is a square sum

graph.

Theorem 6.6. Cycle Cn with [n
2 ] concurrent chords is a square sum graph for all n≥ 5.

Theorem 6.7. The graph G obtained by joining two copies of wheel graph Wn(n≥ 3) by a path

of arbitrary length is a square sum graph.

Theorem 6.8. The graph G obtained by joining two copies of shell graph Sn by a path of

arbitrary length is a square sum graph.

Theorem 6.9. The graph G obtained by joining two copies of Petersen graph P(5,2) by a path

of arbitrary length is a square sum graph.

Theorem 6.10. The graph G obtained by joining two copies of Pn(+)Nm by a path of arbitrary

length is a square sum graph.

Theorem 6.11. The graph G obtained by joining two copies of complete graph Kn (n ≤ 5) by

a path of arbitrary length is a square sum graph.

Theorem 6.12. Cycle with triangle Cn(1,1,n−5) is a square sum graph.
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Theorem 6.13. The graph G obtained by arbitrary super subdivision of cycle Cn is a square

sum graph.

Theorem 6.14. The graph G obtained by arbitrary super subdivision of path graph Pn is a

square sum graph.

Theorem 6.15. The graph G obtained by arbitrary super subdivision of star graph K1,n is a

square sum graph.

Theorem 6.16. The restricted square of bistar Bn,n is a square sum graph.

Theorem 6.17. The splitting graph of bistar Bn,n is a square sum graph.

Theorem 6.18. The shadow graph of bistar Bn,n is a square sum graph.

Theorem 6.19. The degree splitting graph of bistar Bn,n is a square sum graph.

Theorem 6.20. The arbitrary super subdivision of bistar Bn,n is a square sum graph.

Theorem 6.21. Duplication of any vertex of bistar Bn,n is a square sum graph.

Theorem 6.22. The restricted total and middle graph of bistar Bn,n is a square sum graph.

6.2. Strongly even mean labeling of graphs. We define strongly even mean labeling as fol-

lows.

Definition 6.1. A bijection f : V (G)→ {2,4,6, . . . ,2p} is called strongly even mean (SEM)

labeling of graph G if each edge uv is assigned the label f (u)+ f (v)
2 such that the outcome edge

labels are distinct.

A graph which consists strongly even mean labeling is called strongly even mean graph.

We derived following results during this research project.

Theorem 6.23. If G is strongly even mean graph with order p then ∑u∈V (G) f (u) = (p+ 1)p,

∑u∈V (G)( f (u))2 = 2p(p+1)(2p+1)
3 and ∑u∈V (G)( f (u))3 = 2p2(p+1)2.

Theorem 6.24. If G is strongly even mean graph with strongly even mean labeling f and d(u)

denote the degree of vertex u in G then ∑uv∈E(G)
f (u)+ f (v)

2 = ∑u∈V (G)
f (u)

2 d(u).

Theorem 6.25. The necessary condition for the graph G(p,q) (p ≥ 2) to be a strongly even

mean graph is q≤ 2p−3.
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Theorem 6.26. Complete bipartite graph K2,m is a strongly even mean graph ∀m ∈ N.

Theorem 6.27. Complete graph Kn is a strongly even mean graph if and only if n≤ 3.

Theorem 6.28. Every tree is a strongly even mean graph.

Theorem 6.29. Cycle Cn (n≥ 3) is a strongly even mean graph.

Theorem 6.30. Cycle Cn with bn−2
2 c concurrent chords is a strongly even mean graph.

Theorem 6.31. Crown graph Cn�K1 (n≥ 3) is a strongly even mean graph.

Theorem 6.32. One point union C(k)
n of k copies of cycle Cn is a strongly even mean graph for

k ≥ 2 and n≥ 3.

Theorem 6.33. Complete lattice grid Lm,n = Pm×Pn (m,n≥ 2) is a strongly even mean graph.

Theorem 6.34. Dumbbell graph Dn,k,2 (n,k ≥ 3) is a strongly even mean graph.

6.3. Combination labeling of graphs. The following results on combination labeling of graphs

are derived during this research project.

Theorem 6.35. Prism Cn×P2 is a combination graph for n≥ 6.

Corollary 6.1. Ladder Ln,2 = Pn×P2 is a combination graph.

Theorem 6.36. The umbrella graph U(m,n) is a combination graph for m,n > 2.

Theorem 6.37. The armed crown Cn⊕Pm is a combination graph for n≥ 4 and m≥ 1.

Theorem 6.38. The graph obtained by joining cycle Cm (m is even and m≥ 4) to each pendant

vertex of K1,n(n≥ 2) is a combination graph.

Theorem 6.39. The graph obtained by duplication of any rim vertex of wheel graph Wn is a

combination graph for n≥ 7.

Remark 6.1. The graph obtained by duplication of apex vertex in Wn (n ≥ 3) is not a com-

bination graph because the degree of apex and its duplicate vertex become one less than the

number of vertices which is not possible in combination graph.

Theorem 6.40. Cycle Cn with [n−4
2 ] concurrent chords is a combination graph for all n≥ 6.

Theorem 6.41. Duplication of any vertex in cycle Cn is a combination graph for n≥ 5.

Remark 6.2. Duplication of vertex in cycle C3 does not satisfy the necessary condition for

combination graph and by trial and error we have checked that duplication of vertex in C4 is

not combination graph even though it satisfies the necessary condition for combination graph.
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6.4. Permutation labeling of graphs. The following results on permutation labeling of graphs

are derived during this research project.

Theorem 6.42. Tree Tn is a permutation graph.

Theorem 6.43. Complete bipartite graph K3,n (n ≥ 1) is a permutation graph for n+ 3 is

prime.

Theorem 6.44. Wheel Wn(n≥ 3) is a permutation graph for n+1 is prime.

Corollary 6.2. Gear Gn (n≥ 3) is a permutation graph for 2n+1 is prime.

Corollary 6.3. Shell Sn (n≥ 3) is a permutation graph for n is prime.

Theorem 6.45. Dumbbell graph Dn,k,2 (n,k ≥ 3) is a permutation graph.

Theorem 6.46. Crown Cn�K1 (n≥ 3) is a permutation graph.

Theorem 6.47. One point union C(k)
n (k ≥ 2,n ≥ 3) of k copies of cycle Cn is a permutation

graph.

Theorem 6.48. Middle graph M(Cn) of cycle Cn (n≥ 3) is a permutation graph.

Theorem 6.49. t∗-ply Pt∗(u,v) is a permutation graph.

Theorem 6.50. Petersen graph P(5,2) is a permutation graph.

Theorem 6.51. Wheel Wn(n≥ 3) is a permutation graph.

Theorem 6.52. Restricted square of bistar Bn,n is a permutation graph.

Theorem 6.53. The degree splitting graph of bistar Bn,n is a permutation graph.

Theorem 6.54. Arbitrary super subdivision of path Pn is a permutation graph.

Theorem 6.55. Arbitrary supersubdivision of cycle Cn (n≥ 3) is a permutation graph.

Theorem 6.56. Arbitrary supersubdivision of star K1,n is a permutation graph.
13



6.5. Neighborhood-prime labeling of graphs. The following results on neighborhood-prime

labeling of graphs are derived during this research project.

Theorem 6.57. One point union C(k)
n (k ≥ 2,n≥ 3) of k copies of cycle Cn is a neighborhood-

prime graph.

Theorem 6.58. Barycentric subdivision of wheel Wn (n≥ 3) is a neighborhood-prime graph.

Theorem 6.59. Barycentric subdivision of gear Gn (n≥ 3) is a neighborhood-prime graph.

Theorem 6.60. Middle graph of crown Cn�K1 (n≥ 3) is a neighborhood-prime graph.

Theorem 6.61. Total graph of crown Cn�K1 (n≥ 3) is a neighborhood-prime graph.

Theorem 6.62. Square of crown Cn�K1 (n≥ 3) is a neighborhood-prime graph.

Theorem 6.63. Square of cycle Cn (n≥ 3) is a neighborhood-prime graph.

Theorem 6.64. Square of Tadpole T (n, l) (n≥ 3, l ≥ 1) is a neighborhood-prime graph.

Theorem 6.65. Umbrella U(m,n) (m,n > 2) is a neighborhood-prime graph.

7. ACHIEVEMENTS WITH RESPECT TO OBJECTIVES

Since the registration of Ph.D., four research papers have been published in referred inter-

national journals and three research papers are presented in national and international confer-

ences. Study of various existing graph labeling techniques for different graph families is a part

of literature survey. We investigated different graph families which satisfy square sum labeling,

neighborhood-prime labeling, permutation and combination labeling. We gave a counter exam-

ple of conjecture given by Germina and Sebastian on square sum labeling of graphs. Hegde and

Shetty strongly believed that tree is permutation graph. During the doctoral research we proved

that every tree is permutation graph. We defined operation restricted total and restricted middle

graph of bistar graph and proved that they are square sum graphs. We introduced new graph

labeling technique namely strongly even mean labeling of graph and derived the necessary

condition for any graph which satisfies strongly even mean labeling.

8. CONCLUSION

It is very interesting to study graphs which admit square sum labeling, strongly even mean

labeling, neighborhood-prime labeling, permutation and combination labeling of graphs. La-

beling of a graph is a bridge connecting combinatorics and graph theory. In this doctoral re-

search, large number of number theory results have been used to prove different graph families
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which satisfy different graph labeling patterns. To investigate equivalent results for different

graph families is a potential area of research.

9. DETAILS OF PAPERS PRESENTED IN CONFERENCES AND PUBLISHED IN JOURNALS

ARISING FROM THE THESIS

Research Papers Presented in Conferences

(1) Research paper entitled “Some New Combination Graphs” was presented in National

Conference on Algebra, Analysis & Graph Theory [NCAAG - 2017] during 9-11 Feb-

ruary 2017, organized by Department of Mathematics, Saurastra University, Rajkot.

(2) Research paper entitled “On Square Sum Labeling of Graphs” was presented in In-

ternational Conference on Technology and Management (ICTM - 2017) during 17-18

February 2017, organized by Faculty of Engineering and Technology, Sankalchand Pa-

tel University, Visanagar.

(3) Research paper entitled “Permutation Labeling of Graphs” was presented in 14th AN-

NUAL ADMA CONFERENCE & GRAPH THEORY DAY during 6-10 June 2018,

jointly organized by DA-IICT GANDHINAGAR, IIT GANDHINAGAR and IIIT VADO-

DARA.

Research Papers Published in Journals

(1) G. V. Ghodasara and Mitesh J. Patel, Some bistar related square sum graphs, Interna-

tional Journal of Mathematics Trends and Technology, Volume 47(3) (2017), 172-177.

(2) G. V. Ghodasara and Mitesh J. Patel, Some New Combination Graphs, International

Journal of Mathematics and its Applications, Volume 5(2A) (2017), 153-161.

(3) G. V. Ghodasara and Mitesh J. Patel, More on permutation labeling of graphs, Interna-

tional Journal of Applied Graph Theory, Volume 1(2) (2017), 30 - 42.

(4) G. V. Ghodasara and Mitesh J. Patel, Innovative results on square sum labeling of

graphs, Journal of Graph Labeling, Volume 4(1) (2018), 15-24.

Research Papers Communicated for Publication in Journals

(1) G. V. Ghodasara and Mitesh J. Patel, On strongly even mean graphs, Malaysian Journal

of Mathematical Sciences.

(2) G. V. Ghodasara and Mitesh J. Patel, Square sum labeling in context of some graph

operations, Algebra and Discrete Mathematics.

(3) Mitesh J. Patel and G. V. Ghodasara, Neighborhood-prime labeling of some cycle re-

lated graphs, Mathematics Today.
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(4) Mitesh J. Patel and G. V. Ghodasara, Further results on permutation labeling of graphs,

International Journal of Pure and Applied Mathematics.
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