CHAPTER 1

INTRODUCTION

1.0 Introduction
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With the mmundation of smart phones in today’s world, th Tld for Internet has

skyrocketed. Almost everyone is consuming bandwidth 4 vherg individuals

from assorted demographic background are fixated on s

short, being constantly connected to the net is ultl,{)a~ The daily
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wi@he social media
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streaming of Youtube (Zink et al., 2009) and ¢
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shed needs. Worldwide
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Interne e\én t igh bandwidth supported by WIMAX would

the current usaga\o
no longer ;lclent To allewate the impending quagmire of untenable network
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demands in the mos

congest ter planning and design is paramount. It 1s critical to optimize the

resourc allable to maximize the quality of service while reducing the burden of cost
(Sedoyeka & Hunaiti, 2011). In doing so, WIMAX network traffic forecasting is

essential. This way, the performance of the network can be analyzed and reformed before

it 1s too late.



1.1 Research Background

Network traffic prediction represents a simple function throughout characterizing the

network performance which is of significant interest in various network applica?’l!, for

example admission control or network management. Globally for a radi %\mrk and
in oY

WiIMAX network, predicting the future traffic level is usually mandatqi In order to keep

a reasonable quality connecting with services. Models that w y capture the

characteristics of actual traffic are helpful for research and @ Rtion, assisting in the

anagemgnt

understanding of network dynamics to be designed, as wel

network (Daw et al., 2014) The key concept of traffic t@ing 1S §O

traffic in the future, considering the tested and meas\Ktrati h’is _'
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malfunction along with computational cost. Thromgh netw aiQorecasting (Kim et
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al., 2011), the behavior of the network 1n éi S ﬁrﬁnceéén be better understood.
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Forecasting i1s rAle done by anal)@ the statistical properties of time series (Tsu1 et

of contingencies to handl
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al., 2014; W \ al., 2012). Patterns that occur repeatedly are taken as the frame of

refere@:tm'e events. To illustrate, if a network persistently faces an influx of traffic

after 10:00 PM, then it is reasonable to assume that around the same time in the future,

the pattern would relive itself. This is the basis of statistical or stochastic forecasting.



Being rather effective at extracting repetitive trends that occur periodically, the statistical

approach such as Autoregressive Integrated Moving Average (ARIMA) (Hasan, 2014)

falls short when 1t comes to predicting sporadic events that transpires again a aln at

varied time. For instance, suppose that there exists a traffic pattern whi@ds itself

every prime sequence days (2, 3, 5, and 7) only to collapse after the fo%ne. It would

be quite difficult for ARIMA to detect this form of pattern withOl.Kbe" erroneous. This

comes from the fact that the interval changes continuously.
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example learned before. Y\' ,
| hetal network develops reasoning by

Contrary to learning from exampD, th&@

\M\kh * a &\ sko, 2013). It performs a task and

records the displace twfn t
asl%g\done. Iteratively, this is attempted again and

satisfactory, it ch% he w‘avﬂ&
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again until tl\ It 1s approximafe@ close to the right one. Again, it simulates the

%ﬁed for the purpose of

learning from mistakes

|
re‘sug%d the right answer. If the result 1s non
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manner O humans learn to execute a certain behavior through trial and error

(Call@l 1). This is the basis of the forecast. The method learns to predict traffic by

doing it repeatedly until error is minimized.



1.2 Research Statement

Currently, the potential of artificial intelligence in WiMAX network traffic forecasting is

unclear. Although 1t i1s capable of improving the accuracy of traffic pre

qz when
compared to a statistical one (Yadav & Balakrishnan, 2014), the degre% lancement

1Is somewhat marginal. As such, it does not justify the extremely high Wtational cost

that comes with implementation of intelligent approaches. In other Wefds, the choice of

adequately cost effective to the extent of being reasopably’ 10
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comparison below (Table 1.0) between ARIMA (éﬁcal "A praach) ANFIS
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(Intelligent Approach). The performance is m asurz b

\H thes@ﬁunt of error
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(RMSE) incurred of which lower values a €

apparent that ANFIS 1s superior from AR%in all e LTS but the difference 1s
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not entirely convincing. 4 Q%
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In other words, the choice of u 1fici ep@ WiMAX network forecasting

to the extent of being reasonably

compelling.



Table 1: ARIMA (Statistical Approach) vs ANFIS (Intelligent Approach)

((Yadav & Balakrishnan, 2014))
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Case 1 (500 samples)
ARIMA

ANFIS

Case 2 (1000 samples)
ARIMA
ANFIS

Case 3 (1500 samples)
ARIMA
ANFIS

1.3 Research Questions
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The research objectives define the

ﬁmal to itemize them into a

definitive assertion, the research questions
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\%the current prediction WiMAX traffic forecasting based on ANN, KNN

@sf,

2. How to develop an enhancement model for ANN, KNN and FTS traffic

forecasting?

3. How to evaluate and compare the model based on ANN, KNN and FTS?



1.4 Research Objectives

Given the uncertainty of utilizing artificial intelligence in WiMAX network traffic

forecasting, it 1s imperative to conduct a worthy study in uncovering its aq{%otemial.

Generally, three intelligent forecasting approaches will be proposed. & e:y )r e selected

based on their proven contribution in other areas such as economu?un et al., 2015),

engineering (Fan et al., 2012), and medicine (Jovanovic, Salklc rem,etc al, 2014)

which increases the possibility of success. Now, alt%Cart

effective 1n a certain field, there is no guarantee that 1

cular approach 1s

essful for the

purpose of WIMAX network. As such, the researc@:corp at o're.hgﬂn making
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3

1. To predict WIMAX traffic forecastifgbasgd on A NN d FTS.

; I&[&S traffic forecasting.

2. To develop an enhancement mo %ANN SN\ \
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1.5 Scope and Limitation of
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ed to two factors. It is known that
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The scope of the res
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icacy

forecasting can sp

impacts the ove of the research. To ensure that the research is

: on. These data are available from Libya Telecom and Technology over a
period &0 days. The duration that is covered by the study is on the daily, weekly, and

monthly basis.

In effect, the quarterly and yearly traffic are beyond the scope of this research. The

second factor is the unified measure of performance. Many measures are available for



evaluating prediction such as root mean square error, mean square error, etc. Furthermore,

different approaches may highlight a variety of performance measure such as regression,

speed, etc. Y.
N

For the purpose of this research however, only the mean square error (M

easure has

been used and included across all approaches. Therefore, other meas f performance
such as the speed of computation are not included within the scowally the limitation

the dataset has a life span usage which is limited in period oRgy z l
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1.6 Significance of the Research

Artificial intelligence (Al) is a form of technology that emulates the human mind in

solving problems. It is exploited across many fields such as engine edicine,

agriculture, and social science. Being able to imitate thinking makes @tml almost

wing to WIMAX

limitless 1n the future. However, the utility of artificial intelligence p

network traffic forecasting is still vague. Thus, the study is crwm establishing the

importance of the technology in traffic prediction ( $Ct al , 2012) within the

domain of WiMAX network.
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presently available, ranging from the %\g @\l $sain to the complexity of

genetics (Hong et al., 2013). > i 43'
Nevertheless, 1t 1s also 1mj Zto be reaist such research. Each particular

innovation does come wi wtbac'(.

(Hernandez et al., Z%t
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1.7 Contributions of the Research

The contributions for this research are:

1. Development a new model for WiMAX traffic forecasting using KNN

2. An improvement forecasting predictions models. Y_

3. Comparison all methods, ANN, KNN and FTS.
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1.8 Organization of the Thesis
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