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Abstract 

The thickness of a graph is the minimum number of planar into which the graph 

can be decomposed. Determining the thickness of a graph is known too 

NP-complete problem. The outer thickness of a graph is minimum number of 

outer planar into which the graph can be decomposed. Outer thickness is one of 

the classical and standard measures of non-outer planarity of graphs. We 

conjecture that determining the outer thickness of a graph is also NP-complete. 

Arboricity of a graph is the minimum number of edge-disjoint forests whose union 

is G. In this paper, we show the new relations between thickness and outer 

thickness of a graph and its arboricity. 
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1  Introduction  

In VLSI circuit design, a clip id represented as a hyper graph corresponding 

to the nets connecting the cells, a chip-designer has to place the marco cells on a 

printed circuit bord (which usually consist of superimposed layers) , according to 

several designing rules. One of these requirements is to avoid crossing, since 

crossing lead to undesirable signals, it is therefore desirable to find ways to handle 

wire crossing of the graph representing the chip. In practice, crossing-wires must 

be laid out in different layers. There are two approaches for distributing the nets to 

the layers. 

According to the first method, one of the wires must change its layer with 

help of so-called contact cuts when ever a crossing between two wires occurs. 

Unfortunately, the presence of too many contact cuts leads to an increase in area 

and consequently to a higher probability of faulty chips. Therefore, a requirement 

of this manufacturing method is to reduce crossing as much as possible. If a large 

number of crossings are unavoidable, a second approach is appropriate. The 

representing graph is decomposed into planar sub graph each completely 

embedded. In one layer which is not used by the outer planar sub graph. 

Since no contact cuts are used, the manufacturing cost measure of this method is 

the number of layers. An application of this approach was given by Aggarwal, 

Klawe and Shor [1]. 

Indeed both approaches have a graph theoretic counterpart. In the first one 

we look for the minimum number of edge-crossing needed in a graph-embedding 

the so-called crossing number cr (G) of a graph. In the second approach, the 

minimum number of planar sub graph (graphs), whose union is (are) the original 

graph, is requested. This number is called the thickness (G) of the graph G. 

Similarly we define outer thickness. Determining the thickness of a graph is 

known too NP-complete problem [23, 21, 16, 4, 6, 8, 13, 17-19]. 
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2  Characterization of Planar and Outer Planer Graphs 

Definition 2.1. A graph H is said to be homemorphic from G if either H G  or 

H is isomorphic to a subdivision of G. A graph G1 is homemorphic with G2 if there 

exists a graph a graph G3 such that G1 and G2 are both homemorphic from G3. 

Corollary 2.1. If a graph G has sub graph that is homemorphic from K5 or K3,3, 

then G is non planar. 

Proof. Trivial.                                                     ◊ 

Theorem 2.1 [14]. A graph is planar if and only if it does not contain a sub graph 

which is homemorphic from K5 or K2,3. 

Theorem 2.2 [7]. A graph is outer planar if and only if it does not contain a sub 

graph which is homemorphic from K4 or K2,3. 

Corollary 2.2 [20]. Let G be a connected planar graph with n vertices, m edge, 

and f faces, the we have for the plane embedding of G  that 2 fmn . 

Corollary 2.3 [20]. If ( )il f  does not the length of face Fi in a plane graph G, 

then 2 ( )iE l f . 

Definition 2.2. If a graph ( , )G V E   is an outer planer sub graph of G such that 

every graph G obtained from G' by adding on edge from EE \  is non- outer 

planer, then G' is called a maximal outer planer sub graph of G. 

Definition 2.3. If there is no planar sub graph ( , )G V G   of G | | | |E E  , 

then G is a maximum planar sub graph. 

A maximal planar sub graph is maximal in the sense that adding edge is not 

possible and the maximum planar sub graph is maximal with respect to the 

cardinality of its edge set. 
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Definition 2.4. If a graph ( , )G V E   is a outer planer sub graph of G such that 

every graph G obtained from G by adding on edge from EE \  is non- outer 

planer, then G is called a maximal outer planer sub graph of G . 

Definition 2.5. Let ( , )G V E   be a maximal outer planer sub graph of G . If 

there is no outer planer sub graph ( , )G V E   of G  with | | | |E E  , then G 

is a maximum outer planer sub graph. 

 

Theorem 2.3. If G is a simple planar graph with at least three vertices, then 

63)(  nGE . If also G is triangle-free, then 42)(  nGE . 

Proof. It suffies to consider connected graphs; otherwise we could add edges. 

Euler's formula will relate n and E if we can dispose of f. 

Corollary 2.3. provides an inequality between E and F. every face {fi} be the list 

of face lengths, this yields ffE i 32  . 

But Enffmn  22   

    633362  nEEnE . 

When G is triangle- free, the faces length at least 4. In this case    

              42448242  nEEnEffE i .           ◊  

 

Theorem 2.4 [14]. Let ( , )G V E   be a maximum outer planar sub graph of a 

graph ( , )G V E , then 32  nE . If G is triangle-free, then 22
3||  nE . 

Theorem 2.5 [10]. The maximum outer planar sub graph of Qn contains 

223 1  n  edge. 
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3  Thickness  

Definition 3.1 the thickness of a graph, denoted by (G), is the minimum of planar 

sub graph in to which the graph can be decomposed. Evidently, ( ) 1G  , if and 

only if G is planar. 

 

Theorem 3.1. If ( , )G V E  is a graph with ( | | 2V n   and | |E m . Then : 
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Proof. By Theorem 2.3, the denominator is the maximum size of each planar sub 

graph. The pigeonhole principle then yields the inequality.                  ◊ 

 

Theorem 3.2 [3,9,12]. If ( , )G V E  is a graph with ( | | 10V n   ) and 

| |E m  maximal degree d, then 
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Theorem 3.3 [5]. The thickness of the complete bipartite graph ,m nk  is 
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Theorem 3.4 [5]. The thickness of the complete bipartite graph ,n nk  is 
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Theorem 3.5 [3,15]. Let G be a graph with m edges, then it holds that 
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Wessal [22] gave lower and upper bounds for the thickness of a graph as a 

function of the minimum and maximum degree. The upper bound was 

independently given also by Halton [12]. 

Theorem 3.6 [9].  Let G be a graph with minimum degree  and maximum 

degree  then 
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Theorem 3.7 [15].  The thickness of the hypercube Qn is 



 


4

1
)(

n
Qn . 

 
3.1 Algorithm for the thickness problem 

Now we describe the basic approach to get approximation for thickness. For a 

detailed description of the extracting method see algorithm (Thick).  

Algorithm (THICK) 

1. P 0  and  1t   

2. While 0E   do 

3.                Find a planar sub graph of ( , )tG V E  of ( , )G V E ; 

4.                 \ tE E E ; 

5.                  tEPP  ; 

6.                1t t   

7. return p; 
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4  Outer Thickness 

Definition 4.1. The outer thickness of a graph, denoted by 0 ( )G , is the 

minimum number of outer planar sub graph in to which the graph can be 

decomposed. 

Theorem 4.1. Let ( , )G V E  be a graph with | |V n  and | |E m . Then  
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Proof. By Theorem 2.4, The denominator is maximum size of each outer planar 

sub graph. The pigeonhole principle yields the inequality.                   ◊             

Theorem 4.2 [10]. For complete graphs, 
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Theorem 4.3 [11]. For complete bipartite graphs, with nm   
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Theorem 4.4 [20]. )1(0
8

)( 
m

G  for an arbitrary graph G with m edges. 

Theorem 4.5 [20]. For a graph with minimum degree  and maximum degree , it 

holds that  











2
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4 0 G
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Similarly, it is easy to modify (OThick) to approximate outer thickness by 

changing the "outer planar" in step 3 instead of planar. See algorithm (OThick). 
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4.1 Algorithm (OThick) 

1. 0P   and  1t   

2. While 0E  do 

3.           Find a outer planar sub graph of ),( tEVG   of ),( EVG  ; 

4. \ tE E E  ; 

5.  tEPP  ; 

6. 1t t   

7. return p; 

 

 

5  Arboricity 

Definition 5.1. The arboricity of G, denoted by (G), is the minimum number of 

edge-disjoint forests whose union is G. 

Nash – williams gave the exact solution for arboricity. 

Theorem 5.1 [9]. For any graph G, 
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all non-trival induced sub graph of G. 

Theorem 5.2 [2]. If G is d-regular, then  
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5.1 Relations among thickness and arboricity 

The arboricity and thickness of a graph G closely related in size; namely 

)(3)()( GGG   . The first inequality follows from the Definitions, and the 

second follows from Theorems 5.1 and 5.2, with together imply that any planar 

graph has arboricity at most 3. 
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5.2 New relation among outer thickness and arboricity 

It is well-know that outer thickness and arboricity within a constant factor of 

each other )(2)( 0 GG   . 

Now we show that 

)(
2

3
)( 0 GG   . 

Claim 1. If G  be a graph then  
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Proof. According to Theorem 2.4  
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Also it has been shown that a planar graph can be divided into two outer planar 

graphs, therefore 0 ( ) 2 ( )G G  .                                      ◊ 

 

 

5.3 New relation among thickness and arboricity 

We show that  

)(4)( GG   . 

Claim 2. If G  is a graph then  

)(4)( GG   . 

Proof. According to theorem (2.4) 42  nm . 

)(2)()1(2)1(22242 )1.5( GGnmnnnm theorem     

Also since )()( 0 GG    and )(2)(0 GG   , then  

                 )(4)(22)(2)( 0 GGGG   .                  ◊ 
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5  Conclusion 

In this paper, we presented some results concerning the thickness and outer 

thickness of a graph. In particular, bound on the arboricity of a graph is given. It 

seems that bound are not unique. 

 

 

References 
 
[1] A. Aggarwal, M. Klawe and P. Shor, Multilayer grid embeddings for VLSI, 

Algorithmica, 6, (1994), 129-151. 

[2] J. Akiyama and T. Hamada, The decompositions of line graphs, middle 

graphs and total graphs of complete graphs into forests, Discrete 

Mathematics, 26, (1979), 203-208. 

[3] V.B Alekseev and V.S. Goncakov, The thickness of an arboricity complete 

graph, Matematicheskij Sbornik, 30(2), (1976), 187-202. 

[4] L.W. Beineke and F. Harary, The thickness of the complete graph, Canadian 

Journal of Mathematics, 17, (1965), 850-859. 

[5] L.W. Beineke, F. Harary and J.W. Moon, On the thickness of the complete 

bipartite graphs, Proceedings of the Cambridge Philosophical Society, 60, 

(1964), 1-5. 

[6] N.K. Bose and K.A. Prablu, Thickness of graph with degree constrained 

vertices, IEEE Transactions on Circuits and Systems, 24(4), (1977), 184-190. 

[7] G. Chartrand and F.Harary, Planar permutation graphs, Annals Institute 

Henri Poincaré Sect. B (N.S.), 3, (1967), 433-438. 

[8] R. Cimikowski, On heuristics for determining the thickness of a graph, 

Information Sciences, 85, (1995), 87-98. 

[9] A.M. Dean, J.P. Hutchinson and E. Scheinerman, On the thickness and 

arboricity of a graph, Journal of Combinatorial Theory Series B, 52, (1991), 

147-151. 



B. Nikfarjam and M. Yunusi 47 

[10] R.K. Guy and R.J. Nowakowski, The outer thickness and outer coarseness of 

graphs I. The complete graph & the n-cube. In R. Bodendiek and R. Henns, 

editors, Topics in Combinatorics and Graph Theory: Essays in Honour of 

Gerhard Ringel, Physica-Verlag, (1990), 297–310. 

[11] R.K. Guy and R.J. Nowakowski, The outer thickness and outer coarseness of 

graphs II. The complete bipartite graph. In R. Bodendiek, (ed.), 

Contemporary Methods in Graph Theory, B.I. Wissenchaftsverlag, (1990), 

313–322. 

[12] J. Halton, On the thickness of graph of given degree, Information Sciences, 

54, (1991), 219-238. 

[13] M. Jünger and P. Mutzel, Maximum Planar Subgraph and Nice Embeddings: 

Practical Layout Tools, Algorithmica, 16, (1996), 33-59. 

[14] K.S. Kedlaya, Outerplanar partitions of planar graphs, Journal of 

Combinatorial Theory, Series B, 67(2), (1996), 238–248. 

[15] M. Kleinert, Die Dicke des n-dimensionale Würfel-Graphen, Journal of 

Combinatorial Theory, 3, (1967), 10-15. 

[16] P.C. Liu and R.Geldmacher, On the deletion of non planar edges of a graph, 

Proceedings 10th Southeastern Conference on Combinatorics, Graph Theory 

and Computing, (1977), 727-738. 

[17] A Mansfield, Determining the thickness of graphs is NP-hard, Mathematical 

Proceeding of the Cambridge Philosophical Society, 93, (1983), 9-23. 

[18] P. Mutzel, T. Odenthal and M. Scharbrodt, The thickness of graphs: a survey, 

Graphs and Combinatorics, 14(1), (1998), 59-73. 

[19] C.St.J. Nash-Williams, Decomposition of finite graphs into forests, Journal 

of London Mathematical Society, 39, (1964), 12. 

[20] T. Poranen, Approximation Algorithms of some topological invariants of 

graphs, PhD thesis, University of Tampere, (2004). 



48                New Relations between Thickness and Outer Thickness of a Graph  

[21] T. Watanabe, T. Ae and A. Nakamura, On the NP-hardness of edge-deletion 

and contradiction problems, Discrete Applied Mathematics, 6(1), (1983), 

63-78. 

[22] W. Wessal, Über die Abhängigkeit der Dicke eines Graphen von seinen 

Knotenpunktvalezen, Geometric and Kombinatorik, 2(2), (1984), 235-238. 

[23] M. Yannakakis, Node and edge-deletion NP-complete problems, Proceedings 

of the 10th annual ACM symposium on Theory of computing, 253-264, 

(1978). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


