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Abstract

In a communication network, several vulnerability measures are used
to determine the resistance of the network to disruption of operation after
the failure of certain stations or communication links. This study intro-
duces a new vulnerability parameter, edge scattering number. The edge
scattering number of a noncomplete connected graph G is defined to be
es(G) = max{ω(G−S)−|S| : S ⊆ E(G), ω(G−S) > 1} where ω(G−S)
denote the number of components in G − S. A set S ⊆ E(G), is said
to be the es-set of G, if es(G) = ω(G − S) − |S|. In this paper contains
results on bounds for the edge scattering number. Moreover we obtain
edge scattering number of some graphs.
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1 Introduction

The stability of a (computer, communication, or transportation) network com-
posed of (processing) nodes and (communication or transportation) links is of
prime importance to network designers. As the network begins losing links or
nodes, eventually it loses effectiveness. Communication networks are designed
such that they are not easily disrupted under external attack and, moreover,
such that they can easily be reconstructed if they are disrupted [12]. These
desirable properties of networks can be measured by various parameters such
as connectivity and edge-connectivity. However, these parameters do not take
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into account what remains after the graph is disconnected. Consequently, a
number of other parameters have recently been introduced in an attempt to
cope with this. These include connectivity and edge-connectivity [15], integrity
and edge-integrity [2, 13], toughness and edge-toughness [5, 11], tenacity and
edge-tenacity [6, 12], scattering number [7].

Terminology and notation not defined in this paper can be found in [4]. Let G
be a finite simple graph with vertex set V (G) and edge set E(G). In the graph
G, n and m denote the number of vertices and the number of edges, respectively.

Let ω(G−S) denote the number of components and m(G−S) denote the order
of a largest component in G− S. Then the following parameters are defined.

• Connectivity [15]

κ(G) = min{|S| : S ⊂ V (G), ω(G− S) > 1}.

• Edge-connectivity [15],

λ(G) = min{|S| : S ⊆ E(G), ω(G− S) > 1}.

• Integrity [2],

I(G) = min{|S|+m(G− S) : S ⊂ V (G)}.

• Edge-integrity [13],

I ′(G) = min{|S|+m(G− S) : S ⊆ E(G)}.

• Tenacity [6],

T (G) = min{[|S|+m(G− S)]/ω(G− S) : S ⊂ V (G), ω(G− S) > 1}.

• Edge-tenacity [12],

T ′(G) = min{[|S|+m(G− S)]/ω(G− S) : S ⊆ E(G), ω(G− S) > 1}.

The concept of scattering number was first introduced by Jung in [7]. The
scattering number s(G) of G is defined by

s(G) = max{ω(G− S)− |S| : S ⊂ V (G) ω(G− S) > 1}

where ω(G − S) denote the number of components in G − S. A cutset S of a
graph G fulfilling s(G) = ω(G − S) − |S| is said to be a scattering set. Unlike
the other measures, the scattering number shows not only the difficulty to break
down the network but also the damage that has been caused [7].

The paper is organized as follows. In Section 2, we introduce a new vulnera-
bility parameter, edge scattering number. Also we compute the edge scattering
number of some special graphs. In Section 3, we establish relationships between
the edge scattering number and some other graph parameters. Conclusions are
addressed in Section 4.
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Figure 1: The graphs G1 and G2.

2 Edge scattering number

We introduce a new vulnerability parameter, edge scattering number. The edge
scattering number of a noncomplete connected graph G is defined to be

es(G) = max{ω(G− S)− |S| : S ⊆ E(G), ω(G− S) > 1}

where ω(G− S) denote the number of components in G− S. A set S ⊆ E(G),
is said to be the es-set of G, if

es(G) = ω(G− S)− |S|.

The edge scattering number differs from scattering number in showing the vul-
nerability of networks. For example, consider the graphs G1 and G2 in Figure
1.
It can be easily seen that the scattering number of these graphs are equal.

s(G1) = s(G2) = 1

On the other hand, the edge scattering number of G1 and G2 are different.

es(G1) = 0

es(G2) = 1

Thus, the edge scattering number is better than the scattering number for these
two graphs.
We consider the edge scattering number of several special graphs.

Theorem 2.1 Let T be an tree with order n. The edge scattering number of T
is 1.

Proof. The tree T has n vertices and n − 1 edges. Let S be an edge cut set
of T. If |S| = r then ω(T − S) ≤ r + 1. From the definition of edge scattering
number we have

ω(T − S)− |S| ≤ r + 1− r
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and when we take the maximum of both sides we have

(1) es(T ) ≤ 1.

It is obvious that there is an es-set S∗ of T such that |S∗| = 1, ω(T − S∗) = 2.
By the definition of edge scattering number we have

ω(T − S∗)− |S∗| = 2− 1

and we get

(2) es(T ) = 1.

The proof is completed by (1) and (2). 2

The following corollary is easily obtained from Theorem 2.1.

Corollary 2.1 The edge scattering number of
a) the path Pn is 1.
b) the star K1,n−1 is 1.
c) the comet Ca,b is 1.

Theorem 2.2 The edge scattering number of the cycle Cn is 0.

Proof. The proof is very similar to that of Theorem 2.1.

Theorem 2.3 The edge scattering number of the complete graph Kn (n ≥ 3)
is 3− n.

Proof. The complete graph Kn has n vertices and n.(n−1)
2 edges. Let S be an

edge cut set of Kn and |S| = r. If n−1 ≤ r ≤ n.(n−1)
2 then ω(Kn−S) ≤ ⌊ 2r

n−1⌋.
Thus

ω(Kn − S)− |S| ≤ ⌊ 2r
n−1⌋ − r

and when we take the maximum of both sides we have

es(Kn) ≤ maxr{⌊ 2r
n−1⌋ − r}

the function f(r) = ⌊ 2r
n−1⌋− r takes its maximum value at r = n− 1 and we get

(3) es(Kn) ≤ 3− n.

It is obvious that there is an es-set S∗ ofKn such that |S∗| = n−1, ω(Kn−S∗) =
2. By the definition of edge scattering number we have

ω(Kn − S∗)− |S∗| = 2− (n− 1).
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So,

(4) es(Kn) = 3− n.

The proof is completed by (3) and (4). 2

Theorem 2.4 The edge scattering number of the complete bipartite graph Ka,b (2 ≤
a ≤ b) is 2− a.

Proof. The proof is very similar to that of Theorem 2.3. 2

We now consider the cartesian product of two graphs.

Definition 2.1 [4] The cartesian product G1 × G2 of graphs G1 and G2 also
has V (G1) × V (G2) as its vertex set, but here (u1, u2) is adjacent to (v1, v2) if
either u1 = v1 and u2 is adjacent to v2 or u2 = v2 and u1 is adjacent to v1.

Theorem 2.5 Let n ≥ 3 be positive integer. Then,

es(K2 × Pn) = 0.

Proof. The graph K2 × Pn has 2n vertices and 3n− 2 edges. Let S be an edge
cut set of K2 × Pn and |S| = r. If 2 ≤ r ≤ 3n− 2 then ω((K2 × Pn)− S) ≤ r.
Thus,

ω((K2 × Pn)− S)− |S| ≤ r − r

and when we take the maximum of both sides we have

(5) es(K2 × Pn) ≤ 0.

It is obvious that there is an es-set S∗ of K2 × Pn such that |S∗| = 2, ω((K2 ×
Pn)− S∗) = 2. By the definition of edge scattering number we have

ω((K2 × Pn)− S∗)− |S∗| = 2− 2

and we get

(6) es(K2 × Pn) = 0.

The proof is completed by (5) and (6). 2

Theorem 2.6 Let n ≥ 4 be positive integer. Then,

es(K2 × Cn) = −1.

Proof. The proof is very similar to that of Theorem 2.5. 2

Theorem 2.7 Let n ≥ 4 be positive integer. Then,

es(K2 ×Kn) = 2− n.

Proof. The proof is very similar to that of Theorem 2.3. 2
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3 Bounds for edge scattering number

In this section, we present the related graph parameters and some basic prop-
erties.

Theorem 3.1 Let G be a connected graph. Then,

es(G) ≤ 1.

Proof. Let S be an edge set of G. If |S| = r then ω(G− S) ≤ r + 1. Therefore

ω(G− S)− |S| ≤ r + 1− r

and when we take the maximum of both sides we have

es(G) ≤ 1.

The proof is completed. 2

Theorem 3.2 Let G be a connected graph. Then,

es(G) ≥ n−m.

Proof. Let S∗ be an es-set of G and S′ be an edge cut set of G. It can be easily
seen that there is an edge set S′ of G such that |S′| = m then ω(G − S′) = n.
Thus we get

ω(G− S′)− |S′| = n−m.

It follows from the definition of edge scattering number that

es(G) = ω(G− S∗)− |S∗| ≥ ω(G− S′)− |S′| = n−m

and we have

es(G) ≥ n−m.

The proof is completed. 2

Theorem 3.3 Let G be a connected graph and δ(G) be the minimum degree of
G. Then,

es(G) ≥ 2− δ(G).

Proof. Let S be an edge cut set of G and |S| = r. If r = δ(G) then ω(G−S) ≥ 2.
Hence

ω(G− S)− |S| ≥ 2− δ(G)

and we get



A Measure of Graphs Vulnerability: Edge Scattering Number 59

es(G) ≥ 2− δ(G).

We complete the proof. 2

Theorem 3.4 Let G be a graph. If G is λ-edge-connected then,

es(G) ≥ 2− λ.

Proof. Let S be an edge cut set of G and |S| = r. If r = λ then ω(G− S) ≥ 2.
Thus

ω(G− S)− |S| ≥ 2− λ

and when we take the maximum of both sides, the proof is completed. 2

4 Conclusion

Many graph-theoretical parameters have been used in the past to describe the
stability of communication networks. Most of these parameters do not take into
account what remains after the graph is disconnected [9]. The edge scattering
number represents a trade-off between the amount of work done to damage the
network and how badly the network is damaged.We can say that the disruption
is more successful if the disconnected network contains more components.

References

[1] E. Aslan and A. Kirlangic, Computing The Scattering Number and The
Toughness for Gear Graphs, Bull.Soc.Math. Banja Luka, Vol. 18 (2011), 5
- 15.

[2] C. A. Barefoot, R. Entringer and H. Swart, Vulnerability in graphs a com-
parative survey, J.Combin. Math. Combin. Comput. 1 (1987), 13-22.

[3] A. Brandstadt, V. B. Le and J. P. Spinrad, Graph classes: a survey, SIAM,
Philadelphia, PA, 1999.

[4] J. A. Bondy and U. S. R. Murty, Graph theory with applications, American
Elsevier Publishing Co., Inc., New York, 1976.

[5] V. Chvatal, Tough graphs and Hamiltonian circuits, Discrete Math. 5
(1973), 215-228.

[6] M. Cozzens, D. Moazzami and S. Stueckle, The tenacity of a graph, in
Graph theory, combinatorics, and algorithms, Vol. 1, 2 (Kalamazoo, MI,
1992), 1111-1122, Wiley, New York.



60 E. Aslan

[7] H. A. Jung, On a class of posets and the corresponding comparability graphs,
J. Combinatorial Theory Ser. B 24 (1978), no. 2, 125-133.

[8] A. Kirlangic, The edge-integrity of some graphs, J. Combin. Math. Combin.
Comput. 37 (2001), 139-148.

[9] A. Kirlangic and A. O. Aytac, The scattering number of thorn graphs, Int.
J. Comput. Math.81 (2004), no. 3, 299-311.

[10] F. Li and X. Li, Computing the rupture degrees of graphs, Proc. 7th Inter-
nat. Symp. Parallel Architectures, Algorithms and Networks (ISPAN’04),
IEEE,(2004).

[11] C.C. Chen, K.M. Koh, and Y.H. Peng, On the higher-order edge toughness
of a graph. Graph theory and combinatorics (Marseille-Luminy, 1990). Dis-
crete Mathematics, 1993, 111, 113-123.

[12] L.B. Piazza, F.S. Roberts, and S.K. Stueckle, Edge-tenacious networks.
Networks, 1995 25, 7-17.

[13] K.S. Bagga, L.W. Beineke, R.E. Pippert and R.L. Sedlmeyer, Some bounds
and an algorithm for the edge-integrity of trees. Ars Combinatoria, 1993,
35A, 225-238.

[14] M. Cozzens, D. Moazzami, and S. Stueckle, The tenacity of Harary graphs.
Journal of Combinatorial Mathematics and Combinatorial Computing,
1994, 16, 33-56.

[15] G. Chartrand and l. Lesniak, Graphs and Digraphs (2nd edn). 1986,
(Wadsworth, Monterey, CA).

[16] G.Y. Katona, Toughness and edge-toughness. The 2nd Krakow Conference
on Graph Theory (Zgorzelisko, 1994). Discrete Mathematics, 1997, 164,
187-196.

Received 09.02.2014. Revised 10.05.2014. Available online 19.05.2014.


	Introduction
	Edge scattering number 
	Bounds for edge scattering number
	Conclusion

