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A NOT ON DOMINATING SET WITH MAPLE

M. MATINFAR1∗ AND S. MIRZAMANI2

Abstract. Let G be a n− vertex graph. In 1996, Reed conjectured that
γ(G) ≤ dn/3e for every connected 3− regular G. In this paper, we introduce
an algorithm in computer algebra system of MAPLE such that, by using any
graph as input, we can calculate domination number γ(G) and illustrated set
of all dominating sets. It important that these sets choose among between(

n
γ(G)

)
sets.

1. Introduction

In a mathematician’s terminology, a graph G is a collection of points V (G),
and lines connecting some (possibly empty) subset of them, such that denoted
by E(G). The points of a graph are most commonly known as graph vertices.
Similarly, the lines connecting the vertices of a graph are most commonly known
as graph edges.

The most common type is graphs in which at most one edge (i.e., either one
edge or no edges) may connect any two vertices. Such graphs are called simple
graphs. If multiple edges are allowed between vertices, the graph is known as
a multigraph. Vertices are usually not allowed to be self-connected, but this
restriction is sometimes relaxed to allow such graph loops. Let G be a loopless
graph with vertex set V (G) = {v1, ..., vn} and edge set E(G) = {e1, ..., em}. The
adjacency matrix of G written A(G), is the n-by-n matrix in which entry ai,j is
the number of edges in G with endpoints {vi, vj}.

For a graph G and a subset S of the vertex set V (G), denote by NG[S] the set
of vertices in G which are in S or adjacent to a vertex in S. If NG[S] = V (G),
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then S is said to be a dominating set (of vertices in G). The domination number
of a graph G, denoted γ(G), is the minimum size of a dominating set of vertices
in G.

Vizing conjectured that γ(G)γ(H) 5 γ(G × H), where G × H is the graph
product [?, ?]. While the full conjecture remains open, Clark and Suen [?] have
proved the looser result γ(G)γ(H) ≤ 2γ(G × H). This is important, that we
have procedure for calculate of γ(G), moreover can see set of all dominating set
of graph.

2. Maple Procedure

In this section we describe Maple procedure for finding all elements of domi-
nating set and γ(G) with vertices and edges of a graph.

>with(networks):
> with(combinat, choose):
> with(combinat, powerset):
> with(linalg):
> G:=graph({vertices},{edges}):
For example (shown in Fig.1):Vertices={1,2,3,4,5,6,7,8,9,10,11} and edges={{1,2},
{2, 3}, {3, 4}, {4, 1}, {1, 5}, {3, 8}, {2, 6}, {2, 7}, {4, 10}, {4, 9}, {5, 6}, {5, 10}, {6, 11},
{10, 11}, {7, 8}, {8, 9}, {7, 11}, {9, 11}}.
> MM:=adjacency(G):
> V:=vertices(G):
> f:=nops(V):
> for j from 1 to f do
> R:=choose(f, j): ff:=nops(R):
> for t from 1 to ff do
> flag:=5;
> L:=R[t];
> M:=V minus{L[]};
> nn:=f-j;
> for p from 1 to nn do
> S:=0;
> k:=1:
> while k <= j do
> S:=S+MM[M[p],L[k]];
> k:=k+1;
> end do;
> pp:=p;
> if S=0 then p:=nn+1; end if;
> if pp=nn and S <> 0 then flag:=100; fflag:=flag; end if;
> if flag=100 then print(L,” is dominating set(MDS)”); jj:=j; end if;
> end do;
> if fflag=100 and t=ff then j:=f+1; end if;
> end do;
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> end do:
> print(”γ(G) =”,jj);

3. Main results

In this section with using of computer algebra system ”MAPLE”, we calculate
γ(G) and illustrated set of all dominating sets some famous graph.

Examples 1: A Hamiltonian circuit, is a graph cycle through a graph that
visits each node exactly once. A graph possessing a Hamiltonian circuit is said
to be a Hamiltonian graph and A graph that is not Hamiltonian is said to be
nonhamiltonian. An n− polyhedral graph is a 3-connected simple planar graph
on nodes. The Herschel graph is the smallest nonhamiltonian polyhedral graph
(shown in Fig. 1). It is the unique such graph on 11 nodes, and has 18 edges. In
this graph, we can see

γ(G) = 3 and between

(
11
3

)
= 165 sets, set of all dominating sets is:

S = {[1, 3, 11], [1, 8, 11], [2, 5, 9], [2, 8, 10], [2, 9, 10], [3, 5, 11], [4, 5, 7], [4, 6, 7], [4, 6, 8]}.
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Fig. 1. The Hershel graph

Examples 2: The Petersen graph is the graph, (illustrated in Fig.2) in several

embeddings possessing ten nodes, all of whose nodes have degree three. In Pe-

tersen graph, we can see γ(G) = 3 and and between

(
10
3

)
= 120 sets, set of

all dominating sets is:
S = {[1, 3, 8], [1, 4, 6], [1, 9, 10], [2, 4, 9], [2, 5, 7], [2, 6, 10], [3, 5, 10], [3, 6, 7], [4, 7, 8], [5, 8, 9]}.
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Fig. 2. The Petersen graph

Examples 3: A circulant graph is a graph of n graph vertices in which the ith
graph vertex is adjacent to the (i+ j)th and (i− j)th graph vertices for each j in
a list l . The circulant graph on n vertices on a list of nodes l is denoted by Cn〈l〉.
Thus, in Circulant graph C8〈1, 4〉, (shown in Fig. 3), we can see γ(C8〈1, 4〉) = 3

and between

(
8
3

)
= 56 sets, set of all dominating sets:

S = {[1, 2, 3], [1, 2, 8], [1, 3, 5], [1, 3, 6], [1, 3, 7], [1, 4, 6], [1, 4, 7], [1, 5, 7], [1, 7, 8], [2, 3, 4],
[2, 4, 6], [2, 4, 7], [2, 4, 8], [2, 5, 7], [2, 5, 8], [2, 6, 8], [3, 4, 5], [3, 5, 7], [3, 5, 8], [3, 6, 8],
[4, 5, 6], [4, 6, 8], [5, 6, 7], [6, 7, 8]}
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Fig. 3. The Circulant graph

Examples 4: The degree of a graph vertex of a graph is the number of graph
edges which touch the graph vertex, also called the local degree. A graph is said
to be regular of degree r if all local degrees are the same number r. In (Fig. 4),

that is regular of degree 3, we have γ(H) = 6 and between

(
20
6

)
= 38760 sets,

set of all dominating sets is:
S = {[1, 3, 7, 9, 15, 20], [1, 3, 9, 15, 17, 20], [1, 3, 10, 15, 17, 20], [2, 5, 8, 11, 14, 17],
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[2, 5, 8, 13, 16, 19], [2, 5, 9, 11, 14, 17], [2, 6, 8, 11, 14, 17], [2, 6, 9, 11, 14, 16],
[2, 6, 9, 11, 14, 17], [3, 5, 7, 9, 15, 20], [3, 5, 8, 11, 14, 17], [3, 5, 9, 11, 14, 17],
[3, 5, 9, 14, 17, 19], [3, 5, 9, 14, 17, 20], [3, 5, 9, 15, 17, 20], [3, 6, 8, 11, 13, 17],
[3, 6, 8, 11, 14, 17], [4, 8, 10, 13, 15, 18], [5, 7, 10, 12, 15, 19]}.
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Fig. 4.

Examples 5: Harary graph Hk,n is the smallest k-connected graph with n
graph vertices, having dkn/2e edges, where dxe is the ceiling function. In H3,18,

(Fig.5) γ(H3,18) = 5 and between

(
18
5

)
= 9792 sets, set of all dominating sets

is:
S = {[1, 2, 6, 8, 13], [1, 4, 8, 11, 15], [1, 4, 8, 12, 15], [1, 5, 6, 8, 12], [1, 5, 8, 12, 14],

[1, 5, 8, 12, 15], [1, 5, 8, 12, 16], [1, 6, 8, 12, 13], [2, 6, 8, 9, 13], [2, 6, 9, 13, 16],
[2, 6, 9, 13, 17], [2, 6, 10, 13, 17], [3, 6, 10, 13, 17], [3, 6, 10, 14, 17], [3, 7, 10, 14, 17],
[4, 7, 11, 15, 18], [4, 8, 11, 15, 18]},
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and in H3,17(following figure), γ(H3,17) = 5 and between

(
17
5

)
= 3315 sets,

set of all dominating sets is:

S = {[1, 2, 6, 8, 12], [1, 2, 6, 12, 15], [1, 2, 6, 12, 16], [1, 4, 8, 10, 14], [1, 4, 8, 11, 14],
[1, 5, 6, 8, 11], [1, 5, 6, 11, 15], [1, 5, 6, 11, 16], [1, 5, 7, 11, 15], [1, 5, 8, 11, 13],
[1, 5, 8, 11, 14], [1, 5, 8, 11, 15], [1, 6, 8, 11, 12], [1, 6, 11, 12, 15], [1, 6, 11, 12, 16],
[2, 6, 8, 9, 12], [2, 6, 8, 12, 16], [2, 6, 8, 12, 17], [2, 6, 9, 12, 15], [2, 6, 9, 12, 16],
[2, 6, 10, 12, 16], [2, 6, 12, 15, 17], [2, 6, 12, 16, 17], [3, 4, 8, 9, 14], [3, 5, 8, 9, 13],
[3, 6, 8, 9, 12], [3, 6, 8, 9, 13], [3, 6, 9, 12, 15], [3, 6, 9, 12, 16], [3, 6, 9, 13, 15],
[3, 6, 9, 13, 16], [3, 7, 8, 9, 13], [3, 7, 9, 13, 15], [3, 7, 9, 13, 16], [3, 8, 9, 13, 14],
[4, 7, 10, 14, 17], [4, 8, 9, 10, 14], [4, 8, 10, 14, 17]}.
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Examples 6: In 8-node tournament graph C8, illustrated in (Fig. 6), we have

γ(C8) = 3 and between

(
8
3

)
= 56 sets, set of all dominating sets:

S = {[1, 3, 6], [1, 4, 6], [1, 4, 7], [2, 4, 7], [2, 5, 7], [2, 5, 8], [3, 5, 8], [3, 6, 8]}.
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Examples 7: In final for particular graph G, that illustrated in (Fig. 7) we

have γ(G) = 5 and between

(
17
5

)
= 3315 sets, set of all dominating sets is:

S = {[1, 2, 5, 7, 10], [1, 2, 5, 8, 12], [1, 2, 5, 10, 13], [1, 2, 6, 10, 14], [1, 2, 7, 10, 15],
[1, 2, 8, 12, 15], [1, 2, 10, 13, 15], [1, 3, 5, 7, 11], [1, 3, 5, 7, 17], [1, 3, 5, 11, 13],
[1, 3, 5, 13, 17], [1, 3, 6, 11, 14], [1, 3, 6, 12, 16], [1, 3, 6, 14, 17], [1, 3, 7, 11, 15],
[1, 3, 7, 15, 17], [1, 3, 11, 13, 15], [1, 3, 13, 15, 17], [1, 4, 7, 10, 16], [1, 4, 8, 11, 14],
[1, 4, 8, 12, 16], [1, 4, 8, 14, 17], [1, 4, 10, 13, 16], [1, 5, 7, 9, 11], [1, 5, 7, 9, 17],
[1, 5, 9, 11, 13], [1, 5, 9, 13, 17], [1, 6, 9, 11, 14], [1, 6, 9, 12, 16], [1, 6, 9, 14, 17],
[1, 7, 9, 11, 15], [1, 7, 9, 15, 17], [1, 9, 11, 13, 15], [1, 9, 13, 15, 17], [2, 3, 7, 11, 15],
[2, 5, 9, 13, 17], [3, 4, 7, 11, 15], [3, 6, 7, 11, 15], [3, 7, 8, 11, 15], [3, 7, 10, 11, 15],
[3, 7, 11, 12, 15], [3, 7, 11, 14, 15], [3, 7, 11, 15, 16], [4, 5, 9, 13, 17], [5, 6, 9, 13, 17],
[5, 8, 9, 13, 17], [5, 9, 10, 13, 17], [5, 9, 12, 13, 17], [5, 9, 13, 14, 17], [5, 9, 13, 16, 17]}.
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