
IJCEM International Journal of Computational Engineering & Management, Vol. 15 Issue 6, November 2012 

ISSN (Online): 2230-7893 

www.IJCEM.org 

IJCEM 

www.ijcem.org 

    28 

Genetic Algorithm for Dynamic Capacitated Minimum Spanning 

Tree 

1Tanu Gupta, 2Anil Kumar 
1Research Scholar, IFTM, University, Moradabad, India. 

 

 
2Sr. Lecturer, KIMT, Moradabad, India. 

 

 

 

Abstract 

Many of the network topology design problems include 

CMST, which means to find a minimum cost tree that 

connects all the nodes of the network to the central node 

with some capacity constraint. The links of edges have 

associated costs that could be based on their distance, 

capacity, quality of line etc, and the nodes have their 

associated demand. Usually most of the network obtained 

from CMST are static in nature, but there are situations 

where the network is subjected to change by addition (or 

deletion) of nodes, such a network is known as dynamic 

network and identifying CMST in this case is known as 

Dynamic CMST or DCMST. The Genetic Algorithm is an 

approach in finding better solution to DCMST problem. 

The GA is used with two encodings Prufer and Netkey for 

CMST to provide always optimal solution. 

Genetic algorithm are the part of evolutionary computing, 

which is a rapidly growing area of artificial intelligence. 

Genetic algorithms are computer programs, which create 

an environment where populations of data can compete, 

and only the fittest survive. Genetic algorithms are a search 

method that can be used for both solving problems and 

modeling evolutionary systems. 

 

Keyword: Spanning tree, genetic, CMST, prufer, Netkey, 

Edge notation, crossover. 

 

1. Introduction 

 

1.1 Spanning Trees  

 

Given a graph G = (V, E), a spanning tree T = (V, E) is a 

connected, simple, sub-graph of G that has no cycles. A 

tree spanning n nodes has n-1 edges. A minimum spanning 

tree (MST) for a given graph is a spanning tree that has 

minimum total edge weight. There are several algorithms 

for finding an MST of a given graph. Two popular 

algorithms are the Kruskal‟s algorithm and the Prim‟s 

algorithm.  

 

 

 

1.2 Capacitated Minimum Spanning Tree 

The capacitated minimum spanning tree problem consists 

of finding a minimum cost spanning tree for a graph such 

that the total demand of the vertices in each sub tree 

hanging from the root does not exceed the total capacity. 

The CMST problems is defined as a: A given undirected 

graph „G‟= (V, E), where „V‟ is a set of „n‟ vertex or nodes 

and „E‟ is a set of all edges or links. Here is a root or 

central node „r‟  V, and k>0 where k is the total capacity. 

Now the CMST problems means to find a minimum 

spanning tree with the sum of the weights given to all 

nodes of every sub-tree, connected to „r‟ by a link, at most 

k. .In a capacitated minimum spanning tree each node has 

a specific demand (unit/non-unit), which defines the traffic 

flow on a particular link.  

Homogeneous demand case: The demands of all clients‟ 

nodes are equal to one. In this case, the problem reduces to 

finding a spanning tree in which each of the rooted sub 

trees contains at most „K‟ nodes. 

 
 

Fig 1: Tree with 3 rooted sub trees having unit demand for 

each client 

Heterogeneous demand case:  

This is the non-unit demand case. Here by the word non-

unit means the demand of all nodes are not just one, it 

could be one or more than one for every node.   
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Fig 2: Tree with two rooted sub trees having non-unit 

demand  

Here is a graph with nodes = 4 and the demand for each 

node is d1=1, d2=4, d3=2, d4=1. The maximum capacity 

„k‟ = 5. As fig (2) shows, each sub tree fulfills the capacity 

constraint. 

 

1.3 Dynamic CMST 

In many cases for designing a network communication 

requirement for some discrete changes are needed such as 

addition or deletion of links or nodes but it is not an easy 

task Dynamic Graph could be of two kinds as: Firstly fully 

Dynamic, where addition and deletion of nodes or edges 

both are possible and secondly partially dynamic, where a 

single updation is possible whether it is insertion of new 

edge/node or the deletion of an edge/node. Only insertion 

is applicable then it is called incremental and in case of 

deletion it is called decremental. This current works takes 

up the addition of a new node to the existing CMST. 
 
1.4 Applications of CMST 

The Capacitated Spanning Tree problem is a fundamental 

problem in communication network design problems. In 

the capacitated minimum spanning tree problem there is a 

central node to which all nodes are attached directly or 

indirectly with some cost and for each and every link with 

the central node to a node has a maximum capacity that 

should be fulfilled while designing the network 

communication. A capacitated minimum spanning tree has 

various applications like: 

Centralized communication network design 

Telecommunications network design 

 
Fig 3: A Centralized Network Design 

A centralized network model as in the fig (3) shows that 

there is a WAN that is the central node and two different 

clusters of LANs that are showing the connectivity of the 

client node to the server.  

 In a telecommunication network design there is a central 

node which controls the traffic flow to all the client nodes, 

the problem arises here is „Access Network Topology 

Optimization’. The main characteristics of these kinds of 

problems are (i) that they are looking for hierarchical 

network structures (e.g. trees) and (ii) they assume a 

simple traffic demand pattern. Using the Capacitated 

Minimum Spanning Tree solves these types of problem. 

Let‟s take an example of an organization „BSNL‟ has a 

centralized server and want to design a minimum cost 

network design with fixed traffic flow on links. „A‟ is the 

central node. 

 
Fig 4: Fully connected graph for „BSNL‟ 

elecommunication Network Design 

All nodes have weight 1 except D, which has weight 2. 

The total capacity is W = 3. The cost matrix for these 

telecommunication network connections is:  

 

Table 1: Cost matrix for „BSNL‟ connection 

 
 

 
Fig 5: Design of Telecommunication Network 

Here, a telecommunication network is designed, which 

follows all the constraint and solves the problem of „Access 

Network Topology Optimization‟. The total cost of this 

design becomes: 
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(A, B) + (B, E) + (A, C) + (C, F) + (F, G) + (A, D) which 

is 

 5 + 6 + 6 + 8 + 8 + 9 = 42 

 

1.5 Genetic Algorithms  

Genetic algorithm (GA) is an optimization approach in 

which a population of strings is maintained, representing 

solutions to a specified problem. The GA then creates new 

populations from the old by the selection mechanism and 

allows the fittest to create new strings, which are expected 

closer to the optimum solution to that particular problem. 

The GA creates„s‟ set of strings from the bits and pieces of 

the previous strings, by adding random new data to keep 

the population from stagnating, in each generation. Genetic 

Algorithm (GA) was invented by John Holland and 

developed by him and his students and colleagues. 

(Holland‟s book “Adaptation in Natural and artificial 

Systems” published in 1975). 

 

(a) Biological Background 

Chromosomes 

All living organisms consist of cells. In each cell there is 

the same set of chromosomes. Chromosomes are strings of 

DNA and serve as a model for the whole organism. A 

chromosome consists of genes, blocks of DNA. 

Each gene encodes a particular protein. Each gene encodes 

a trait, for example eye color. Possible settings for a trait 

(e.g. blue, brown) are called alleles. Each gene has its own 

position in the chromosome. A particular set of genes in 

genome is called genotype. 

Reproduction: During reproduction, the first thing that 

occurs is recombination (crossover). Genes from the 

parents combine in some way to create a whole new 

chromosome. The newly created offspring can then be 

mutated. Mutation means that the elements of DNA are a 

bit changed. These changes are mainly caused by errors in 

copying genes from parents. 

Fitness: The fitness function will interpret the 

chromosome in terms of the physical representation and 

evaluate its fitness based on certain characteristics that are 

desired in the solution. The definition of the fitness 

function is very critical because it must accurately measure 

the desirability of the features described by the 

chromosome. The fitness function computes the fitness 

value for each chromosome.  

 Evolution: Evolution is a process that each and every 

species in nature is subjected to. In evolution, each species 

faces the problems of searching for a beneficial adaptation 

to adapt to the rapidly changing environment around them. 

 Search Space: To solve some problem, in genetic 

algorithm the solution should be the best among others. 

The total space of all feasible solution is called search 

space (also state space). Each point in the search space 

represents one feasible solution. Each feasible solution can 

be marked by its value or fitness for the problem. The 

solution is one point among feasible solutions that are one 

point in the search space.  

 

(b)  Genetic Algorithm: Basic steps 

Genetic Algorithms (GA) refers to a class of adaptive 

search procedures using the Darwinian principle “survival 

of the fittest” to find optimal solutions. 

The various steps in a GA procedure are as follows: 

• Create an initial population of solutions through an 

encoding scheme. 

• Check if they are feasible solutions, if not repair 

them. 

• Evaluate the fitness of each chromosome using a 

fitness function. 

•  Randomly select pairs of chromosomes, according to 

their fitness. 

• Perform crossover on the chromosomes with some 

probability. 

• Apply mutation to the offspring of chromosomes 

with some probability. 

• Evaluate fitness of offspring. 

• Replace some or all of the previous population with 

offspring population for the next generation. 

In some situations, such as when all the sub trees that are 

formed so far in the process, have weight just over k/2, 

where k is capacity constraint, making it impossible to 

merge any of the two sub trees, as it exceeds capacity 

constraint, due to this difficulty of merging two sub trees, 

EW chooses to connect each sub tree directly to the root. 

This might result in almost twice as many as the number of 

sub trees in any optimal solution. The proposed GA 

algorithm for solving Dynamic CMST problem, first the 

two encoding schemes Prufer and NetKey are described 

followed by what GA operators that are applied. 

Prufer Encoding 

Prufer Encoding provides one-to-one correspondence 

between trees and the set of all permutations of n-2 digits. 

This means that only a permutation of n-2 digits in order to 

uniquely represent a tree with n vertices where each digit is 

an integer between 1 and n. This permutation is usually 

known as Prufer number. The Prufer number is a skillful 

encoding [2], [10], and [13] for spanning tree. The 
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encoding length is only n-2, the search space size is n
n-2

and 

the relation between Prufer numbers and spanning tree is 

one-to-one mapping. The probability to randomly produce 

a spanning tree is definitely 1, which means this encoding 

equally and uniquely represents all possible trees and any 

initial population or offspring from crossover and mutation 

operation. 

For a tree in a complete graph, there are always at least 

two vertices. The leaf means vertex that there is only one 

edge connected on it. Based on this observation  the Prufer 

number is easily created according to the following 

procedure: - 

Procedure: encoding 

   Assume vertex j be the smallest labeled leaf 

vertex in a labeled tree T. 

 If vertex k is incident to vertex j, k to be the first 

digit in the permutation. 

 Remove the edge from j to k and vertex j. 

 Repeat above steps until one edge is left and 

produce the Prufer number with n-2 digits in 

order.  

Procedure: decoding 

  Assume „P‟, the original Prufer number, and the 

„p‟ is the set of all vertices not included in P. 

 Assume „j‟, the vertex with the smallest label in 

„p‟, and k‟, the leftmost digit of P. Add the edge (j, k) 

into the tree.  

 Remove j from p and k from P.  

 If k does not occur anywhere in the remainder of 

P, put it into p, repeat the process until no digits left in 

P. 

 If no digits remain in P, there are exactly two 

vertices,   „r‟ and„s‟, in p.  

 Add edge (r, s) into the tree and form a spanning 

tree. 

Network Random Key Encoding 

The development of the Network Random Key 

representation which represents trees by using real 

numbers, allows one to use ES for combinatorial tree 

problems. Network Random Keys (NetKeys) have been 

proposed to represent trees with continuous variables.  

The random key representation for different permutations 

was first invented by Bean (1992) . Later, the encoding 

was proposed for vehicle routing, resource allocation, 

Quadratic assignments and traveling salesperson problems 

by again Bean (1994). Norman and Bean (1994) modified 

this encoding approach (2000) and applied it to the 

multiple machine scheduling problems. In Knjazew (2000) 

and Knjazew and Goldberg (2000a) a representative of the 

class of component GA‟s was used for solving ordering 

problems with random keys. 

The locality of the Network Random Key encoding is high 

.In case of applying Mutation operator, which means 

change in the value of a single key, can cause no change (if 

the relative order of the key is unchanged), or the change 

of two links (if the relative position is changed). As the 

mutation operator is used for premature convergence, it 

often dramatically changes the absolute positions of the 

numbers in the order of key. But as this random key 

encoding is based on the ordering of keys to represent the 

tree, the locality is high.   

 

NetKey Coding 

 

 Suppose i=0,  

G = empty graph with n nodes, 

rs = Permutation of length l 

l = n (n-1)/2  

All possible links of G are numbered from 1 to l. 

 Suppose j be the number at the ith position of the 

permutation rs. 

 Check for the cycle while inserting link with number j 

to the Graph G. 

 If cycle is not created, then insert the link with number j 

in G. 

 Stop, if there are n-1 links in G. 

 Increment i and continue with step [II] 

 
 Fig 6: Tree structure for the net keys encoding 
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Table 3: a possible key sequence for the tree 

 
Net Keys allows a difference between important and 

unimportant links. The problem of redundancy, over- or 

under-specification doesn‟t occur here. 

GA operators 

After initializing the population through Prufer encoding 

and NetKey encoding, there are number of solutions for 

the CMST problem. After that to improve or modify the 

solution and select the best solution for the CMST 

problem, the following GA operators are used: 

1 Tournament Selection 

Tournament Selection is one of the many methods of 

selection in genetic algorithms, which runs a “tournament” 

among a few individuals chosen at random from the 

population, and selects the winner (the one with the best 

fitness) for crossover. Selection can be easily adjusted by   

changing the tournament size. If the tournament size is 

larger, weak individuals have a smaller chance to be 

selected. 

Tournament selection pseudo code: 

 Choose k (the tournament size) individuals from 

the initial population at random 

 Choose the best individual from selected 

individuals  

 Choose the second best from the remaining 

individual 

 The same process continues till the condition 

satisfied 

Deterministic tournament selection selects the best 

individual (when p=1) in any tournament. A 1-way 

tournament (k-1) selection is equivalent to random 

selection. The chosen individual can be removed from the 

population if desired; otherwise individuals can be selected 

more than once for the next generation. Tournament 

selection has several benefits: it is efficient to code, works 

on parallel architectures and allows the selection pressure 

to be easily adjusted.  

2 Edge Crossover 

This crossover operator was developed with the idea to 

produce a new Spanning Tree by inheriting as many edges 

as possible from two parental Spanning Trees, i.e. a new 

solution should primarily be built with links already 

contained in the two parents, and to create new feasible 

solutions with high probability. 

The first step, C (child Spanning Tree) is to initialize a set 

of edges contained in both parents P1 and P2 (Fig: 10). 

These edges will always be included in the new solution. 

In a second step, all edges contained either in P1 or P2 (but 

not in both) are checked for adding to the new solution.  

In the initialization procedure, these edges are randomly 

processed one after the other; the edges that do not violate 

the capacity constraint and do not introduce a cycle are 

added in C. If a complete capacitated-Spanning Tree with 

n-1 (where n is the total number of nodes) edges can be 

constructed in this way. After this the procedure terminates 

with this solution. Sometimes, from two selected parents it 

is not possible to find a solution in that case, edges which 

are not contained in the parents are included to get the 

solution. 

Here is an example in which there are two parents 

Spanning Tree „P1‟, „P2‟. After applying the crossover 

operator a child Spanning Tree produced in fig: 11.  

 
Fig 7: Two Spanning Trees (P1, P2) used for finding a 

Child Spanning Tree 

 

To get the solution from the parents all remaining edges E \ 

(P1  P2) for addition proceeded by checking the 

constraint, but the computational effort for this procedure 

is O (V
2
). To complete a partial solution efficiently, all 

unconnected components are determined in a first step, i.e. 

„V‟ is partitioned into disjointed sets containing vertices 

only connected to each other. Then, these components are 

connected to the final capacitated-ST by repeatedly 

choosing two random edges with a total demand smaller 

than the capacity k into two unconnected components.  

 

 

 

 

 

 

 

 

 

 

Fig 8: Child ST obtained from P1 and P2 (STs) 
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3. Edge Mutation 

 

The aim of the mutation operator is mainly to introduce 

new links for avoiding premature convergence. The basis 

principle of edge mutation is to delete a randomly chosen 

edge lying in the tree, which divides the ST in two trees. 

Then a new randomly chosen edge is inserted after 

checking capacity constraint and cycle formation. The 

algorithm is as follows: 1. Select a random client node i 

{1…n}. 

2. Remove the edge connecting node i to its adjacent node     

pi; this divides the tree into two unconnected components; 

determine the set S of all nodes that remain connected to 

the root by depth-first search (including the root node). 

 

 
 

Fig 9: Edge Mutation 

 
3. Remove pi from S. 

4. While S is not empty: 

4.1 Select a node j from S randomly. 

4.2 If the inclusion of edge (j, i) would violate any capacity 

constraint, remove j from S and continue at step 3. 

4.3 Include the edge (j, i)    

5. In case no alternative could found, return the original     

solution. 

 

As a local heuristic, low-cost edges are favored when 

selecting the new edge. 

 

Analysis of result 

 

Table (4) shows the improved percentage of cost 

optimization by cost matrix for GA over EW. It also infers 

that NetKey encoding exhibits  0.082% better results than 

Prufer 

 

Table 4: Analysis of results 

 
 

Graph generated  

 

The graphs below show in almost all the cases GA (for 

both Prufer and NetKey) produces better result (low cost). 

 

 
a) CMST before adding a node 

      
  (b) DCMST after adding a node 

    

  Fig 10: (a) & (b) Analysis or result for network size = 16 

Here for 16 nodes network size capacity C1=9, C2=15. As 

the graph shows for the network size of 16 nodes the EW 

algorithm produces maximum cost and the Prufer produces 

the minimum cost. 
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a) CMST before adding a node      

  
(b) DCMST after adding a node 

Fig 11: (a) & (b) Analysis of result for network size = 25 

For the network size more than 16 the NetKey encoding 

produces the best results here the 25 nodes network size is 

taken with the capacity as C1= 15, and C2=30 for analysis. 

 
(a) CMST before adding a node           

 
(b) DCMST after adding a node 

 

Fig 12: Analysis of result for network size = 50 

For the network size with 50 nodes here three different 

capacities taken for Dynamic CMST problem as C1=30, 

C2=60, and C3=80. For all these capacity NetKey 

encoding produces the best solution.  

 
a) CMST before adding a node      

 
( (b) DCMST after adding a node 

Fig 13: Analysis of result for network size = 100 

 

For network size of 100 nodes NetKey encoding produces 

the best solution . Capacities taken are C1=85, and 

C2=150. 

 

Conclusions 

The test results are taken with different network sizes (16, 

25, 50 and 100 nodes) and for both unit and non-unit 

demand. For 16 nodes with unit demand and capacity of 9, 

Prufer and NetKey gives 0.24 % and 0.22 % optimized 

result respectively. In case of 25 nodes with non-unit 

demand and capacity of 15, Prufer gives 0.32% and 

NetKey 0.33%. For 50 nodes with non-unit demand and 

capacity of 30, Prufer provides 0.28 % and NetKey 0.33% 

and for 100 nodes with non-unit demand and capacity of 

85, Prufer gives 0.04 % and NetKey 0.10% optimized 

result. Results also show that the NetKey encoding 

improves results by 0.082% over Prufer encoding. 
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