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ABSTRACT
Finding a minimum weighted spanning tree is an important problem as it has many applications. Finding
minimum weighted spanning tree using graph properties is not in much use. In this paper we provide a

MATLAB Programme, for generating a minimum weighted spanning tree using adjacency matrix.
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I INTRODUCTION

In the 1950’s, many people contributed to the minimum spanning tree problem. Among them were R. C. Prim
and J. B. Kruskal, whose algorithms are very widely used today. Prims algorithm grows a spanning tree from a
given tree from a given vertex of a connected weighted graph G, iteratively adding the cheapest edge from a
vertex already reached to a vertex not yet reached, finishing when all the vertices of G have been reached [1].
Kruskal’s algorithm maintain an acyclic spanning subgraph H, enlarging it by edges with low weight to form a
spanning tree, by considering edges in non decreasing order of weight, breaking ties arbitrarily [2].

In [3], M. Yamuna et al have provided a procedure for generating a minimum weighted spanning tree by using
minimum domination set and adjacency matrix. In this paper we provide a MATLAB Programme, for

generating a minimum weighted spanning tree using adjacency matrix.

Il MATERIALS AND METHODS

A spanning tree of G is a subgraph of G that is a tree containing every vertex of G. A spanning forest of a graph
G is forest that contains every vertex of G such that two vertices are in the same tree of the forest when there is a
path in G between these two vertices.

A graph G is said to be a weighted graph if its edges are assigned some weight. A minimum weighted spanning
tree in a connected weighted graph is a spanning tree that has the smallest possible sum of weights of its edges.

An adjacency matrix of a graph G with n vertices that are assumed to be ordered from v; to v, is defined by,

By Jl if thereexistanedgebetween v, and v,
A=[aij]nxn=
|0 otherwise

Adjacency matrix is also used to represent weighted graphs. If [ a;] = w, then there is an edge from vertex v; to
vertex v; with weight w. For properties related to graph theory we refer to [ 4 ].
A set of vertices D ina graph G = (V, E) is a dominating set if every vertex of V — D is adjacent to some vertex

of D. If D has the smallest possible cardinality of any dominating set of G, then D is called a minimum
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dominating set. The cardinality of any minimum dominating set for G is called the domination number of G and
it is denoted by y ( G ). y — set denotes a dominating set for G with minimum cardinality. The open neighborhood
of vertexv e V (G)isdenoted by N (v)={ueV(G)| (uv) e E(G)}, whileits closed neighborhood is
theset N[v]=N(v)u{v} The private neighborhood of v € D is denoted by pn[v, D], is defined by
pn[v,D]=N(v)-N(D-{v}). For properties related to domination theory we referto [ 5].

Graph Domination

In[ 3], M. Yamuna et al have defined ay - set D e V as a graph domination set if D covers all the vertices and
edges of G. Ay —set D of G that satisfies this property is denoted by yc( G ).

In all the graphs circled vertices represent a y - set D.

Example

Fig. 1
The graph G in Fig. 1 is a graph domination graph. The y — set { uy, Uy, Us, U4, Us } covers all the edges and
vertices of G.

In [ 3], they have proved the following result
R1. Let G be a weighted connected graph with n vertices and D be a y - set for G that covers all the edges of G.
Then there is a spanning tree T for G such that

1 v (G)=y(T)

2. T is minimum weighted.
Given any weighted graph G a minimum weighted spanning tree can be obtained using the following steps.
Step 1 Consider the vertices in D, where D is a graph dominating vy - set for G.
Step 2 Include the private neighbor of every vertex in D.
Step 3 Include the 2 dominated vertices ( taking care to pick the edge with smallest weight ).
Step 4 Combine the spanning forest into a spanning tree by including an edge with minimum

weight each time.

Spanning tree generation using the above steps is given in the following example for the graph in Fig. 2.
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By using R1 and the steps, we can generate a minimum weighted spanning tree from a weighted graph.
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Fig. 3
In Fig. 3,
€)] The graph represents the spanning forest that contain vertices in D = { ug, uU,, Uz }
only.
(b) The tree partially constructed by adding minimum weighted edges belonging to

pnfu, D]andpn[uy, D], wherepn[u, D]={vsVvs},pn[u,, D] ={Vvs}.

(© The tree partially constructed by adding minimum weighted edges belonging to 2 —
dominated vertices.

(d) Minimum weighted spanning tree generated from D. The weight of this spanning tree

is equal to 71.

Adjacency Matrix Using y - set
In this procedure from [ 3 ], G is a weighted connected, graph domination graph with n vertices. Let D = {uy,
Uy, ..., UuchandV-D={v, Vy ..., Vu}h k+ m=n. Let X be the adjacency matrix of G. For comfort of

discussion, let us arrange the rows and columns of X as follows

[ Xy X,
X = 11 12
LX 21 X 22 J
where X11 represents adjacency between vertices in D, X12 and X21 between vertices in D and V — D and X22
between vertices in V — D. In a graph domination graph, since V — D is independent, X22 is a null matrix. Using

these notations and procedure we have developed the MATLAB code.
MATLAB Code for Generating Minimum Weighted Spanning Tree

Using the above explained procedure and adjacency matrix X we have developed a MATLAB program for the

same. The coding part of the program is given inn snapshots 1,2.
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2} C:\Documents and Settings\Widministrator\Desktopimat spispexampleed.m™ [Z”E|g|

File Edit Miew Text Debug EBreakpoints ‘Web Window Help
= B S #Ff, £

1= ¥=input('Enter the adjacency matrix X = ')

2= kE=input('Enter the gamma wvalue k = ');

3= n=size(X, 2):

- m=n-k:

al— ¥11 = X(l:k, 1:k):

Bl—| ¥lz = ®Xil:k, k+l:n):

7l-| #2l=¥ik+l:n, l:k):

3= HEZ=X(k+l:end, k+l:end):

9 = A=x12

10/=| &i~k)] = inf;

11(=| [&Al, &42] = win (&)

12— A3=[1l:m];:

13[-| ad=[43:42];

14( - for kl=l:m

18| - azZ=AZ(:, kl):

16| — a3=Ai(:,kl):

17| - ¥1z{aZ, a3) = 0;

18- end

19| = X1z:

20(-| ¥ = [¥1l ¥127]:

|- ®2 = [¥lz' ®22]:

22— | H=[¥: X2]:

23|-| B=[l:nl:

24|-| Bl=[1l:k]:

28— | L = [B:¥]

26| — ¥a = XKLl ,:0:

27— EB=[1:

28— z=[1]:

28— F=[1:

30| - for R=randperm(k)

3= B= input({'Enter the rowv number randomly: E = ')

32(-| 45 = Adi:, Ad(z ,:)1==R)

33 - if isempty (A5)

34| - break:

3a(- end

36|—| a8 = A5(zZ,:):

AT\ —| Ac=h&i:, 1):

38|-| &7 = A5{l, 1)

Snapshot 1
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#} C:\Documents and Settings\idministrator\Desktopimat spispexampleel.m* [Z”E| rg|

File Edit Yew Text Debug Breakpoinks ‘Web ‘Window Help
O = & 2! S M Ff, €% G stack: [Bac (]
39— | n=size(A7,Z): ~
10| - AS = ATk
41(-| A9 = [ke 48]
42— z=[ = &A9]:
43— for i=a%
44[=| ®li:, ¥1(1 ,:1==1i)=[1:
a5( - end
46| — if isempty(¥1)
47| = break:
43— end
48(—| ¥5=¥1iz+l,:)
BO[—| ¥5i{-¥5) = inf:
S1|—| [RL, Cll=min(¥5(:1)
a2 — if Rl==inf
a3l- Rl=0
a4(- end
55— | B=[B R1]:
a6 — [E,c]=find (¥5==min(min(>5) )] :
at| - if zizefc,l)==
58[—| ®e=¥li:,a):
RO[—| w7=¥&il,:)
g0 — else sizeic,l)~=1
61— c=cioc<k) ;
B2 = [al az2]=uniqueici:,11]
63— end
b4 — zl=z(:,r):
B5—| ®lizl+l,ci=0
BE[—| Al
B7(—| E
B8(—| EBEl=[il E]
BOl-| Sl=sum(Bl)
0= =7
|- if c==
T2- dizp('Chooze any row from &A:')
73— elze if X7 > k
74 - disp('Choose any row from A:')
Ta| - elae
76| — dizp('Chooze the row walue az the wvalue of X7:') -
T7— end
78| - end
74| - end
20| - disp('The weight of spanning tree is =!
81| - 51 -
script Ln 349 Cal 1

Snapshot 2

1481 |Page




International Journal of Advanced Technology in Engineering and Science www.ijates.com
Volume No 03, Special Issue No. 01, March 2015 ISSN (online): 2348 — 7550
111 RESULTS AND DISCUSSION

Output Verification
In this section we provide verification for few graphs using the above coding.

Example 1
We consider the adjacency matrix of Fig. 2. and verify the weight of spanning tree.

Snap shot 3 provides the input matrix for the graph in Fig. 2.

B BN Gew Web Wede Ho

N4 - B 7| Cuen Dl Dotz e Selnged smentalo Oestisseel mp - |:|
Enter the sdjacercy makrix X = [000 68 11 513 00:; DO D 4E00T 3000000013 2:640000000; LIBE0DDO0ODDD; 30000000 0; 1300000040 a0;

Snapshot 4 provides the out put matrix for the matrix in snapshot 3. Here the cardinality of the y - value is 3. So

when k = 3, the submatrix A generated is also seen in snapshot 4.

b MATLAB
File Edit Wiew ‘Web Window Help

M = ﬁ ? | Current Directory: | CDocuments and Settings\Sdminizt % | E]
X = ~

u] u] u} = 11 a 15 u] u}

u] u] u} 4 g u] u] 7 3

u] u] u} u} u] u] u] 19 u}

[ 4 u} u} u] u] u] u] u}

11 g u} u} u] u] u] u] u}

] u] u} u} u] u] u] u] u}

15 u] u} u} u] u] u] u] u}

u] 7 19 u} u] u] u] u] u}

u] 3 u} u} u] u] u] u] u}

Enter the gamma walue kK = 3

A =
& 11 9 15 1] 1]
g a a 7 3
1] a u] u] 19 1]
A1 =
4 =] 9 15 7 3
AZ =
2 z 1 1 2 2
Snapshot 4

In the following snapshots 5 — 7, Xi represents the reduced matrix obtained in each stage, R represents the row

selected in each execution, R1 the minimum value in each stage.
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=1/E3

-} MATLAB 3

File Edit YWiew ‘Web ‘Window Help
O = i | 2 | current Directory: | CDocuments and Settingsitdminist | E]
XL = ~
1 2 3 g 5 =1 7 g aQ
a a u] & 11 u] u] a a
a a a a a a 0 a a
a a a u] u] u] u] 19 a
51 u} u] u] u] u] u] u} u}
11 u} u] u] u] u] u] u} u}
a a u] u] u] u] u] a a
a a a a a a 0 a a
a a 192 u] u] u] u] a a
u} u} u] u] u] u] u] u} u}
Enter the row number randomly: B = 1
B =
1
a5 =
3 a
1 1
AT =
3 4
L9 = L
1 [ 7
HE =
u] u] & 11 0 0
u] u] 0 0 0 0
u] u] 0 0 0 0
Rl =
&
Cl =
7
KT =
4
< >

Snapshot 5
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-} MATLAB =13

File Edit Wiew ‘Web wWindow Help
O = BE | ? | Current Directory: | ChDocuments and Settingsuadminist | | E]
Hl = -~
2 3 4 5 =1 Q
u} u] u} 11 u} u}
o o o o o o
u} u] u} u} 19 u}
u} u] u} u} u} u}
o o o o o o
u} u] u} u} u} u}
o o o o o o
u} 19 u} u} u} u}
o o o o o o
&l =
4 =] Q 15 7 3
E =
&
El =
a4 =] aQ 15 7 3 =]
a3l =
52
®r o=
4
i
Choose any row from A:
Enter the row number randomly: R = 2
R =
2
AL =
1 2 5 G
2 2 2 2
AT =
1 2 & & o
< >
4\ Start

Snapshot 6
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Eile Edit Yew ‘web Window Help

O = = ﬁ % | Current Directory: | CriDocuments and SettingsiAdminist s | E]
A9 = L

x5

o o o o o o

13

Rl

Cl =

1 o=

¥l = ~

[ O Y e Y o Y e Y o Y o o I R

71

2 e L

Snapshot 7

1485 |Page




International Journal of Advanced Technology in Engineering and Science www.ijates.com
Volume No 03, Special Issue No. 01, March 2015 ISSN (online): 2348 — 7550

In snapshot 8 the final output is 71, which matches with the weight of the sapnning tree, for the graph in Fig . 2.

File Edit Yiew ‘Web ‘Window Help

O = B B % | Current Directory: | CDocuments and Settings\Administ | E]

Choose any row from 4:
Enter the row mumber randomly: B = 3

E =

A5 =

Enpty matrix: Z-by-0

The weight of sparmming tree iz =

3l =

71

Snapshot 8
Example 2
Vs
3 1
4 5 8
* N\ & ®
Wy u; uz Va2
G
Fig. 4
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B(=1ES

File Edit Wew web window Help

O = ® & 2 Current Directory: | C:iDocuments and Settings\Administrator Desktopims | E]

Enter the adjacency matrix X = [0 5 40 3; 500§ 1; 40000, 083 000; 31000;:]
¥ o=

LIV R S, I e
= o O O in
[ = R = R
oo oo oo
O 0O O W

Enter the gamma walue kK = 2
L=

0 3
1] g 1

Enter the row mumber randomly: B o= 1

F =

1

Choose atry row from A:
Enter the row number randomly: R = 2

B =

The weight of spanning tree is
5l =

16
»=

Snapshot 9
The minimum weight of the spanning tree for the graph in Fig. 4 is 16, which matches with the value obtained in

snapshot 9.

IV CONCLUSION

The above procedure generates the minimum weight of the spanning tree using dominating set. The program
developed enables us to calculate the minimum weight of the spanning tree easily since MATLAB is user
friendly. We just need to input the adjacency matrix to obtain the minimum weight of the tree. So this procedure

can be adopted for generation of spanning trees.
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