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Relation Between a Planar and Outerplanar of Graph with Sparse of Graph
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Abstract: A graph is a sparse if A; (x) = 0 where A; (x) = k(|x]-1) - e, for every set x of vertices of a graph and
e, 1s the number of edge joining pairs of element of x. in this paper we study relation between a planar and
outerplanar of a graph with sparse of a graph and we show that G is decomposable into K forest.
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INTRODUCTION

Outer planar graph are a widely studied graph class
with application in graph drawing [1,2] and with
intersecting theoretical properties [3-5]. The maximum
outer planar sub graph problem (MOPS) is NP-hard.
The problem of finding a MPS has important application
in circuit layout,automated graph drawing,and facility
layout.the maximum planar sub graph problem (MPS) is
too NP-hard. The problem of finding a MOPS are a widely
studied graph with application in graph drawing and with
intersecting theorectical properties.

A graph is planar if it admits a plane drawing,
otherwise the graph is nonplanar. A graph is outerplanar
if it admits a plane embedding where all its vertices
surround the same region and no two distinct edge
intersect, otherwise the graph is nonouterplanar [6].

Characterization of Outer Planar Graphs:

Def (2.1): If a graph G' = (V, E') is a'outer planar sub graph
of G such that every graph G"” obtained from G'by adding
on edge from E | E' is non- outer planar, then G'is called
a maximal outer planar sub graph of G.

Def (2.2): Let G' = (V, E') be a maximal outer planar sub
graph of G. if there is no outer planar sub graph G" = (7,
E") of G with \E"\ >\ E'|, then G' is a maximum Outer
planar sub graph.

Def (2.3): A graph H is said to be homeomorphic from G
if either H =G or H is Isomorphic to a subdivision of G.

Theorem (2.1): A graph is outer planar if and only if it has
no sub graph home orphic to K,or K, ;

Theorem (2.2): A graph is outer planar if and only if G +
K is planar.

Theorem (2.3): [7] Let G' = (V, E") be a maximum
outer planar sub graph of a Graph G = (7, E) then
\E\ =2\I\- 3.

Theorem (2.4): [7] Let G' = (V, E') be a maximum outer
planar sub graph of a graph G = (V, E) which does not
contain any triangle. Then \ E' | =3\VV/, -2

Theorem (2.5): [8] The maximum outer planar sub graph
of Q,contains 3% 2™' - 2 edges.

Theorectical Bounds:
Theorem (3.1): Let G'=(v,E’) be a maximum planar

subgraph of a graph G=(V,E) which does not contain any
triangle. Then |E|<2|y|-4

Proof. See [9]

Claim (3.1): Every planar graph G satisfies |[E(G)| <2
(IV]-1) if G has no triangle.

Proof: By according theorem(3.1),since |E|<2|v|-4 i.e

IE(G)| < 2 [V/2-2

Theorem (3.2): [9] let |E©G) < %(M—l) be a maximum

outerplanar subgraph of a graph G=(V,E) which dies not
contain any triangle.

Then |£|<2|v|/2-2
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Claim (2.2): Every outerplanar graph G satisfies
|E(G)|< 34(|v|-1) if G has no triangle.

Proof: By according theorem (3.2) since l£(6) <3|3% ) ie
3|V 3\Vi—-4 3|V|-3
E(G)|< | %—2:%<%<%(|V|—1) :

Theorem 2.3: [10]a graph is decomposable into K forest
if and only if it is sparse.

New Results for Sparse:
Claim (4.1): Let G be a planar graph which does not
contain any triangle. Then G is sparse.

Proof: By claim(3.1) since every planar graph G satisfies

|E(G)| < 2([(G)]-1 then 2(|v|-1) -[E(G)|= O
i.e A(G) = 0 then G is sparse.

Hence G is decomposable into K forest. (by theorem

(2.3)).

Claim (4.2): Let G be a outerplanar graph which does not
contain any triangle. Then G is sparse.

Proof: By claim (2.2) since every outerplanar graph G
satisfies

[£(G)[< 34 (VI(6)-1) then 37(|(G)~1)~|E(G) =0

i.e. A(G) > 0Then G is sparse.
Hence G is decomposable into K forest.
CONCLUSION

In this article we present have concerning outer
thickness of a graph is given. Since the thickness and
outer thickness is one of the classical and standard
measure of non- outer planarity and non- planarity of
graph.in particular in this paper we study relation between
a planar and outerplanar of a graph with sparse of a graph
and we show that G is decomposable into K forest.
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