CHAPTER ONE

INTRODUCTION

1.1 Overview \i
As a result of the development of the Internet, many applicatiof§ cag/now be

high-speed

(§j°]

used to transmit audio and video data traffic; these applications r

router buffers for the quick transmission of data to potential recN (Braden et al.,

1998; Mehta et al., 2017). Network users compete for av nel'vork resources,
such as bandwidth and buffer space. A crucial prob ssocTigly \\%b the

performance of Internet applications is congestion, ch occ:.u’s at paqu_ ar router
N

buffer when the demand for network rcsourcc% *dsg\ \amlabl%&'pacily of the
buffer (Welzl, 2005; Baklizi et al., 2013 oPstion N tel@wses a decline in
the overall performance of the nclwor%ngesll\'m?l e@brk is an incident in

. o S
which network resources are unabl erveg:j%r ansmitted packets (Ryu
- ne

et al., 2003). Congestion affe tser 101 @ decreasing throughput and
increasing packet loss (I’Qj an% '

g“@y. It may also induce uneven

using packet m':@

categorized gi 0 types: queue @mgemcm (Ryu et al., 2003; Zhang et al., 201 1)

and sc 1%(]\4:111101m & Sharma. 2012). The former handles the queue length (ql)
in uffer and controls this length by dropping packets (Joshi et al.. 2005). The
latter determines the order of packets that will be sent subsequently and is used to

allocate bandwidth among flows. In the current research,



we focus on the queue management mechanism in a router. Queue management
methods are essential for congestion control because network load changes quickly
(Lefelhocz et al., 1996).

Several pre-congestion methods, called active queue management (A I\Yﬂve

been proposed to control congestion and thereby achieve high quali!'%er\'ices

(QoS) for traffic loads. Furthermore, AQM techniques establish a ygigshare among

network sources and provide enhanced control over congcstionw ples of AQM

techniques include Random Early Detection (RED) (Floyd ag;)soi. 1993), BLUE
Ot e

(Feng et al., 2002), and Stabilized Random Early Drop (S

L
N
Congestion indicators are at the core of AQM iques. They, oJid_{?clue to
~ . . . ’
the status of congestion to enable optimal reaclncvm h\ metgdds, such as
N ing) gtors to detect

congestion at an early stage. These methes react i@zc)jha\pumber of packets at

a specific level (medium level) using%p
Although numerous AQM @s h,\ <#1p} g d to maintain the number
of queuing packets at a SpCCif%l i &

¢, patpl ulgfly
N &°

issue remains a major prgllen™or rduter This@blem leads to other consequences,
namely, (1) increase«%\ag whity

probability (Welgh, ;k Algafi

AR
5
settings to deh&]d control cong :

S

1.2 &ro m Statement

£7999).

/EQ

Many AQM methods have been proposed to tune parameters (o particular
values. and thus, ensure satisfactory performance measure results. Existing pre-
congestion control methods do not adapt well when network traffic changes over time.

%



This leads to waste of network resources in general and increase in probable packet
loss along with increasing average waiting time of packets in particular. The BLUE
method depends on several parameters in computing packet DP; these parameters
include threshold, amount of decreasing DP (Pde), and amount of increasing %’Hn).
The router buffer decides whether to drop arriving packets according to value.

These parameters should be set to specific values to plOV%Sdll\detOl\

performance (Ahammed & Banu, 2010; Da-gang, 2010; Al- D1 al.. 2012). No
specific equation is used for these parameters (Abdeljaber ¢ (z 20 7. Al-Diabat et

al., 2012), and the dependence of the BLUE method on Mgarar ct mmmcd &

Banu., 2010: Da-gang, 2010; Al-Diabat et al., O@erale thabrbh .k‘ﬁ called
L 4
S pat

e
BLUE parameterization. Chen and Yang (2009)W N p @(ctu setting
remains a critical unsolved problem™. In at@ the stttéles 014{1 Pde, Pin. and

threshold parameters contribute to pegormarice

..

. S
BLUE should be set to a value thal% haf thatsp¥ Pi avoid under-utilization
(Feng et al., 2002). Y' $

However, the Pde and %1 ametgis ¢ Qsel to any value; instead, they
must be set to specific )&\to o‘lam satighq@tory performance. Meanwhile, the

\ N

threshold parameter l% tyhed '.s'm position on the router buffer to avoid
heavy congestiogpth® quh 1’ )p@”oi many arriving packets and to stabilize
the queue ILIA 1) of BLUE (F L@’L . 2002). When congestion increases. the gl

of the LL?\?lhod also increases. This condition may lead to an unmaintained gl

aro threshold position. and the ql value can exceed the threshold, thereby
leading to the dropping of several packets. However, only a limited number of studies

have explored the BLUE method (Abdeljaber et al. (a). 2007: Da-gang, 2010:

(O8]



Ahammed & Banu. 2010; Al-Diabat et al., 2012). Therefore, we aimed to propose an
AQM method as congestion control mechanism based on the BLUE method.

Another problematic situation is the evaluation of existing AQM methods. with
evaluation methods that depends on linear the nature of network traffic, wl@ot
sufficient to simulate real Internet traffic (Lim et al., 2009:; Lim &%2010).
However, Internet traffic in which routers are functioning is aggr by nature
(Lim et al., 2009; Lim et al., 2010); aggregated traffic, such as nwedia traffic, is
bursty and correlated. Modeling traffic is an essential Yevtluating queue

management methods (Karagiannis et al., 2004). \d.

1.3 Research Questions
This research will answer the followi\

a) How can the BLUE method b
packets in the router buffer a

considering the nature meﬁ

congestion?

3
b) How should the @an&@c propesed method be evaluated using a

AN,

w \ e | &&J B e
traffic model t! nsiders tl s& d correlated nature of Internet traffic’
tho

N
¢) How sho%:ropt %@ validated?
d) How the dependencp@fhe proposed method on its parameter settings
b ed using fuzzy logic (FL)?

S



1.4 Research Objective
The main aim of this thesis is to propose AQM methods that control congestion
at an carly stage before buffer overflow by considering the nature of Internet traffic.
The objectives of this thesis are formulated as follows: \Y'
e To propose an AQM method based on the BLUE method that d}'xm R adjust
the dropping probability, avoid congestion and enhance the pe ance of the

network. This resulted in having the following sub- objccti\/csN

e To evaluate the proposed method using Markov M e B}‘rnoul[i process

under bursty and correlated properties of IntgrnetWaffig. \do X
iscrete-

) 13
L\d%&?

Y
&~
()déﬂ is developed in

cameter settings. As a

time analytical model.

e To propose a method using Fuzzy logidaQaSed on the
the first objective in order to reduc
result, the following sub—objccli&'

known methods.

e To evaluate the pro sew'! ar: yme of the recent and well-

(s
N
1.5 Resea rcmﬁ'wtion: s $

This &8 ' proposes two methods to overcome the problem of network
I

perforfgaegradation when congestion occurs. These two methods are inherited

e To validate tl %scx}
¢

from exyw#ng AQM methods. The contributions of this research are stated as follows:



a. A new AQM method based on a dynamically adaptable dropping mechanism
to control the queue in congestion and non-congestion states namely, Gentle
BLUE (GB).

b. Evaluation of the proposed and existing AQM methods using t\\@@]t
packet arrival models, namely, the Bernoulli process (BP) am&%/larkova

Modulated Bernoulli process (MMBP).
c. Validation of the proposed method based on a discrele—tinw ytical model.

d. A new AQM method based on Fuzzy Logic (FL) to 1tc1 qreue and reduce

the parameterization problem. \d‘
¥

1.6 Organization of the Thesis

This thesis is organized into six chapge

the principles behind network congestie contro ik research problem,

questions, objectives, and conlributiaé
Chapter Two presents the @rc ,L\/l : und, and the fundamental
concepts related to the conge& 1’ ;

gaps in the literature, lh@ati l. beghd thgproposed and designed methods for

congestion control ar@sc :
Chapter Tl% ers A

to analyze th iectness and efﬁo@y of proposed methods. In addition, discrete-

NS

e analyses approach for GB method under bursty and correlated

traffigthauses MMBP-2. Moreover, explains the performance measures used to

evaluate the proposed methods.

time perfgg



Chapter Four covers the implementation of the proposed methods (GB. GB-
MMBP-2 and GBFL), Simulation environment, parameters setting of the proposed
methods. Furthermore, explanation of simulation cycle, performance measu nd

N
validation model calculations. r

Chapter five comprises the analysis and discussion of the periggance of each

proposed method in the experiments. In addition, a discrete-timew ical model for

the proposed GB method is established and the analytical og; is'provided along

with the results. \d
™ 3

Chapter six provides the conclusions and reco WJationsffor rihepd®earch.

N\
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