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ABSTRACT 

Efficiency, Reliability and Cost are the foremost three major criteria usually considered in a telecommunication 

network. In order to make better use of available network resources, there is a need for planning the bandwidth 

allocation to communication demands. In this study, a bandwidth allocation problem with three major 

constraints were simulated and solved for 50, 100, 150, 200 and 250 nodes. The study discovered that 

increasing bandwidth is not absolutely the only way to take care of the load on networks as the bandwidth 

availability may not be commensurate with bandwidth utilization.  
Key Words: Bandwidth, Reliability, Efficiency, Cost, Bandwidth Availability, Bandwidth Utilization 
 

 

INTRODUCTION

Communication networks are expected to offer a 

wide range of services to an increasingly large 

number of users, with a diverse range of quality of 

service. This calls for efficient control and 

management of these networks. The key resource 

to manage in networks is bandwidth. Therefore, in 

order to make better use of available network 

resources, there is a need for planning the 

bandwidth allocation to communication demands, 

in order to set up routing tables (or any other route 

selection criterion) more purposefully. This can be 

achieved by the use of global information, 

including not only the available link capacities but 

also the expected traffic profile. This traffic 

profile may be given, as when setting up virtual 

private networks in an ATM backbone of a 

provider, or estimated by objective traffic 

measurements [1, 2]. The goal of a VPN is to 

provide the organization with the same secure 

capabilities but at a much lower cost. Without 

proactive management, network capacity fills with 

inappropriate traffic and viruses, and the 

connection becomes ineffective. [2, 3, 4] 

 

Several studies make use of Genetic Algorithm 

(GA) based techniques to solve network problems. 

The motivation behind GA’s in nonlinear 

optimization problems is that the problem can be 

expressed such that natural evolution, as reported, 

can provide an attractive paradigm for 

implementing general nonlinear searches [5, 6, 7]. 
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A dynamic mathematical model was developed and a Genetic Algorithm method was 

adopted for the optimization solution.  

 

            Terms                                                                                      Notation 

Minimum Required Bandwidth at node ni.            bmi 

Available Bandwidth at node ni                                                                                              bi 

Throughput Request at node ni.                                                               tri 

Allocated Throughput at node ni.                                                            tai 

Total Available Bandwidth for all the nodes at a given time.                 BW 

time (evaluation period)                                                                           t 

 

∑
=

k

i

ai
t

1

max     (1) 

s.t.                    ∑
=

k

i

i
b

1

  ≤ BW    (2) 

             tai ≥ tri     ∀ i = 1,2,3,-------,k   (3) 

              bi ≥ bmi  ∀ i = 1,2,3, -------,k   (4) 

The GA algorithm was implemented with Java programming language. The model 

was simulated for ten thousand (10,000) generations. Fifty (50), one hundred (100), 

one hundred and fifty (150), two hundred (200), and two hundred and fifty (250) 

terminal points/nodes were studied.  Each of the nodes were simulated differently 

under varying bandwidths values of 64Kbps, 128Kbps, 256Kbps, 512Kbps, 1Mbps, 

2Mbps, 4Mbps, and 8Mbps for a period of twenty four (24) hours.   

 

 

RESULTS 

The bandwidth utilization tables and curves are as in tables 1 – 5 and figures 1 – 5 

respectively. 
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INFERENCES FROM TABLES AND FIGURES 

From the tables and the graphs (tables 1 - 5 and figures 1 – 5), the following inferences 

could be inferred for various nodes at different bandwidths. 

(i) The bandwidth consumption varies randomly with time and the number of nodes. 

The arrival pattern portrays the peak periods to be varying among the nodes.  

(ii) With 50 nodes the daily bandwidth consumption curve is fairly or approximately 

linear. With 150, 200 and 250 nodes it gets to a point where there is a considerable 

increase in the bandwidth consumption and the curve becomes non-linear. The 

implication is that bandwidth is wasted whenever there is no proportional increment in 

available nodes. 

(iii)  There is always a critical point in bandwidth availability at which further increase 

in available bandwidth (BW) did not improve the utilization factor for the nodes. In 

actual fact the utilization factor starts decreasing. If the cost of purchase of bandwidth is 

to be minimized and available bandwidth optimized, VPN must not be operated above 

the point.    

(iv)  Each node acts adaptively and optimally to the dynamics of the external 

environment so that the available bandwidths are shared optimally for each node despite 

the fact that each node behaves as a selfish node. 

(v) The utilization factor can be as high as 99.99% (250 nodes @ 4096/8192kbps). 

 

CONCLUSION 

Simulation results show that if the cost of purchase of bandwidth is to be minimized and the available 

bandwidth optimized, the number of nodes and utility must be commensurate with the quantity of bandwidth 

purchased by operators of Virtual Private Network. The utilization factors were as high as ninety nine point 

ninety nine percent (99.99%).  
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