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CHAPTER THREE

METHODOLOGY Y.

S

In the previous chapter, we discussed the literature on TCP cong®stion control

mechanisms. As stated in chapter one, one of the research objewcs to evaluate the

rR Inl this chapter, the
lon 'swged. The next
N3

research methodology for evaluating the proposed modiiTeg
e’ n&{Wworks. The

section will introduced performance evaluation tec%
?—
z | M n tg Q\'fhe rest of the

proposed congestion control mechanism over LTE net

e exerimental hardware

ance metrics. Finally,

3.1 Introduction

N

Chapter one discussed\ SCALCh_ | k. It is started by reviewing TCP

congestion control @ism{, f (by the selection of the network simulator.
Finally, 1t consiiII the (fe ng

~ NS |
enhanced co@gtlon control mechanism. Chapter two introduced a comprehensive
E

imRtementation and evaluation of the proposed

review o

P congestion control mechanism in the literature.

In this chapter, we will discuss the methods of selecting the simulation
approach to evaluate our proposed modification. In chapter four we introduce the
proposed modification design. Finally, in chapter five, we discuss the implementation

and evaluate the proposed modifications.
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According to Jain (2015), approaches to evaluating network performance are

classified into three main techniques: measurement, simulation, and analytical model.

Figure 3.1 1llustrates these techniques.

Figure 3.1: Evaluation Approaches (Adopted from Jain, 2015)
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3.1.1 Analytical Modelling

The pure definition of analytical mo

that describes the performance %

modelling includes the proce b il

r
&
e@ Sayandev, 2014). Analytical

O

(l};lg, and validating the analytical

model. The analytlcal m

u t al)@g imple systems as well as complex

systems. Some resear CO ,duc amﬁltti?al modelling to understand the current

the?quy us#\ to predict the behaviour of a certain element

OreoVver, somehse the analytical model to represent a system and

activities of the sy&tg

within the sysﬂ{ ~

use 1t asbﬁ to another system (Mukherjee, 2014).

Using an analytical model to analyse computer networks has major drawbacks

(Keshav, 1991; Law & Kelton, 1991). Firstly, using an analytical model 1nvolves
many assumptions, which restrain the model from representing the behaviour of the

real systems. Secondly, it ignores the interaction of the system components, which in
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some systems could be the main factor that atfects system performance. Therefore,

using the analytical model alone to evaluate the communication system may not

reflect the real system performance. For the purposes of this study, analytical

modelling will be improbable to use regarding the complexity of the proposdg

3.1.2 Measurement

The second approach for evaluating communication systew;formance 1s by

measuring real system performance. Performance meas t relquires monitoring

j,c_h‘zgould be
| &

offim, oh application

3

and ﬁ'it in a specific

the system while it is being subjected to a particular wgorkjoad;

additional instruction, instruction mixes, kernels, %eti;

benchmarks. Therefore, the researcher can dei%z prof

(%\
communication environment using a netw@llator O

N

Measuring the performance o 4 re@es real equipment and

% &
na pe@ance of the tested system.

% rI@e most variable in analytical
O

yaring the test bed or the real network

programs, so that the results r&?}he
However, the time required% e

t

modelling and simulatio

p Jces bf prg
| O

equipment is time conSgsmrlg. -- easurement approach lacks strength in

N
wh‘%!\ finding the optimal parameters that affect

N
(Ince et al., 2&@7). Furthermore, measurement techniques are

comparison with
system perforg

VEry COoS, rning providing the equipment, instruments, and time. Despite all the
above [1ggsftions, it 1s much easier to convene other findings using a measurements
approach as it is using a real measure. However, in this research, it i1s beyond our

capacity to use this approach even though it can reflect the actual behaviour of the

proposed modifications.
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3.1.3 Simulation

Simulation is a method of using computer software to model the operation of a real

world process, system, or event (Law, 2006). Many problems can be formulated into

models which act as simplified representations of a system. According t& 1s et al.
(2007), simulation is an increasingly significant methodology app&cz to theory

development. The ACM symposium reported that based on 151 ai icles from a five

year period, 76% of the works used network simulation methv\lumerous effective

research studies have used simulation as their primary agserc n%logy (Ivanov

et al., 2007). In addition, simulation provides ter 1psighy 'i&fo\)gzomplex

nsi - 'soTsuming and

"
rovj an analytically .

r.@agfon or any element in the

N
. .. . A
simulated environment (Michael, 20( d Q{},

\ \A
A simulation approacher amput ne (I)rké. nsists of three main steps, as

$

environments without the need to construct thé pe

sometimes risky real environments. Moreoer:

precise means to understand the behaviﬁhn

é

in Issariyakul and Hossain (3Q12). Fi N ere_' \Jhe planning phase, which includes

defining the study case B

.‘ ’

ta}i"@model, and devising the experiments

scenarios. Secondly se includes defining the simulation initial

state, creating a@ Cuting the simydfron events, and collecting the data for the post
\

simulation pr\ing. Finally, the post simulation process is started. This phase

include@is the simulation results to verify and evaluate the performance of the

proposed algorithm, and it may include comparing the results of the proposed design

with the current implementation. Figure 3.2 shows the simulation framework.
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Figure 3.2: Simulation framework (Adopted from Issariyakul & Hossain, 2012)
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01 (ID“Nith time-clocked

oébssing of a pre-defined

time slots. During the simulation, tik ents Whhe 1f&ted time slot are executed.

The time-clocked simulator % ted a’

examined if any event hap N

period are treated as c Ny S S

@,
V# es BN the execution of the scheduled next event.
R o

/

Network simulation can be classiﬁew z t"f\h’ t

Iintervals, and the system is

intepyals. All events occurring during this

R
éﬂtameously. On the other hand, with

discrete-event, the

o aile

Therefore, the § %on time 1S q@ted after the next event execution. It simply

shifts from \0 event and the system state does not change in between. It only

keep t@ the times when something of interest occurs during the simulation
period.

Precisely, simulation is easier, faster, safer, simpler, and cheaper than

measurement. For the purpose of this research, the simulation approach was
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conducted to test the proposed algorithms and validate their efficiency. The following

section discusses the criteria for selecting a network simulator.

3.2 Selecting a Network Simulator

Nowadays, there are many network simulators that have differer@ures and

different aspects. Selecting a network simulator 1s a very important dec®ion, because

a proper choice will save time and effort, and will lead taefffient results. As

presented in Sarkar and Halim (2011), four main categorfgs Qe cieﬁned to select a

Mgnsideration,
NS
| S

b @

Y:-:ibility of the

network simulator. The categories are hardware

modelling capabilities, simulation capabilities, and@

The hardware and software considefgtiop!

S.

19
OIS N
software to model complex systems. FlrstN € Qm % cl.u\®cod1ng aspects such
as the ability of the software to @%DIT p(m/}amming. Also, some
&

programming features can be addeN'

the ability to access source %zglob}uﬁle}mport, built-in functions, and

o@selected package, including

&
» Y L L
others. Furthermore, som ombatl 1ty o enhance the package’s ability to
. \
interface with other s ~ * ;E with the simulated system. Moreover,

N . . . .
the quality and t% thep Use izupp%f services plays major role in selecting a

T
network simu A’w addition, the b@( cost of purchase, installation and maintenance

'r%ge is the main consideration here.

On

of a cert

e other hand, the modelling capabilities include how well and precisely
the simulator can represent the selected module. One main consideration here is the

availability of the selected module. Other considerations include the educational and
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experience level required to use a certain simulator, the ease of learning, and

friendless 1ssues.

Simulation capabilities include the way an experiment 1s performed and which

g features

attributes and parameters are used during the simulation period. T
o

include visual aspects (e.g. animation capabilities, and the quality aag ressiveness

of graphics, etc.), testability aspects (e.g. error messages, debuggiNg tools, trace and

echo files, etc.), running aspects (e.g. warming up periodvkpoints, automatic

batch run, etc.), and the statistical facilities provided b 1 ul%ckage.

L T
N
ulat tl‘e-\nc")put/ output
’ 3

The last category in choosing a netw 1

capabilities. In this category, we investigate h% 1€ US prei{?'the data to the
simulator and the type and quality of thay™p®t repo oviek by the simulator.

Moreover, analysis capabilities (e.g. W

optimization, etc.) are included 1n tl'\ % up.

if ana\w nﬁAb}sion making support,

Y

To select a credible siNgis

available simulation tookQﬁle ,

simulating network nfQ

purpose of our s%%m\w
selected acc0\ jo their pOpulaH'@’ published results, and modelling capabilities.

The follqwA ctions briefly describe each one.

3.2.1 OPNET Modeller

OPNET (“OPNET”, n.d.) stands for OPtimized Network Engineering Tools and was

created by OPNET Technologies Inc. OPNET 1s a network simulation tool set which

provides product solutions to address many aspects of communication networks,
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including application performance management, planning tools, engineering,

operations, research and development.

The OPNET Modeller is a product that provides the best network mode]ling

and simulation solution of all the OPNET tools. It 1s a dynamlc te event

simulator with graphical user interface, providing comprehenmk evelopment

environment tools, including model design, simulation, data caection, and data

analysis. It is supported by object-oriented and hierarchica%@elling, debugging,

and analysis tools. Also, its system-in-the-Loop intert lows %ion with live

systems which feed real-world data into the smmlatl@ provades n’o.ﬁ?;nterface
for integrating external files, extended libraries, a?ﬂner\ 0. h.;:corporates a

wide range of protocols and technologles a I Q;h

T
1111@ a wide range of
O

network technologies and types. Moreo r, th ypdaller provides models of

% A
hundreds of devices and protocols w%rce Qodeadee

N
S@ﬂbllltles
‘0
Furthermore, the OPE v del]

vanous tools for processing,
' ulagy output data. Using the OPNET

visual representing, and a Ing l

Modeller, you can con
the modelled syste ous ev?
time series graph scatter graphs

I %f its strengths, the OPNET Modeller is very expensive software
(accorb

y OPNET Technology Inc., a licence costs about $28,916.88). Even

tllotg_) automatically generate animations of

Eﬁ’more simulation results can be plotted as

s&E'ams and probability functions.

though OPNET provides a “Modeller University Program™ for free to qualifying
universities worldwide for academic research, it is still a very limited licence which
offers only the most popular modules. In addition, if a Modeller university program

request is approved, then one licence will be installed in one university machine.
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Furthermore, the OPNET Modeller parameter categorization is not very transparent

(Sarkar & Halim, 2011). In sum, given all the above limitations, the OPNET Modeller

1s not feasible to use as a simulator 1n this research.

3.2.2 OMNeT++ \z

OMNeT++ (“OMNeT++”, n.d.) is a discrete event network simulatioX platform. It

has provided an open source simulation package since 1992. %;;++ started as a

programming assignment at the Technical University of§ msi. Since that time,

many researchers have contributed to OMNeT++ open“agurc W&; I'S

release was in 1997. OMNeT++ provides
programmed in C++. These modules can be assgb.le -

&3

Network Description programming lang bNED

topology. G)
Three distinctive elements S '

module definitions. This bqu;:ﬁ '
* NS

parameters. The second e@is te ¢

details. The third elem@
simulation system%k in

&

nel & nitions, which describe all the link

Il

97 ﬁ' demnitions. This block describes the whole

O
t10r1®r the top level module for the network and
S
les "

all 1ts 1nstance

@ -;-'n strengths of the OMNeT++ simulator include GUI, object inspectors
for zooming into the components level and displaying the state of each model during

the simulation time, modular abstraction, configurability, and a detailed

implementation of the modules and protocols.
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On the other hand, OMNeT++ 1s a bit slow as it requires long simulation

running time and high memory consumption. Moreover, some argue (Sakar, 2011)

about the difficulty of using OMNeT++. Even more, OMNeT++ does not support

modelling many new wireless technologies, including LTE and LTE-AK e, which

this research is about. Aj

ozarg'eted to networking
Mc protocol

s
\% ant?'b_f the REAL
NV

3.2.3 Network Simulator-2 (ns-2)

ns-2 (“VINT Project, ns-2”, n.d.) 1s a discrete event sim

research. ns-2 provides substantial support for TCP, rofwag,

over wired and wireless networks. ns-2 began 1

(Realistic and large) network simulator. It has aNyays

a
from other researchers and been used t@op an

research studies, including:

ubstagMal contributions

ﬁ

%g@ congestion notification, etc.

!
e Router queuing pohces m ear gJ off, and class-based queuing etc.
\ 8)0

e  Multicast transport &e

e TCP behaviour: selective acﬁhd

ed@r wd& audio and video quality of service

N | O
- (—) )y S
SN
® Wireless @ @ é\t connection TCP, and multi- hop routing
_\'
techniq

. Ap n level protocol: web cache consistency protocol.

ns—2 uses a split programming model, where the simulation kernel is

implemented in C++ language while the simulation is defined, configured, and

controlled using OTCL (Objected-Oriented Tool Command Language) scripts.
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The main strengths of ns-2 include being able to download it freely on a variety of

platforms. Moreover, there are many available online resources, handbooks, tutorials,

and a comprehensive list of ns-2 codes 1s useful for learning and simulating simple

and complex models 1n ns-2. \i

However, ns-2 lacks graphical presentation tools and tl'&w data of the

output file must be processed using other tools (e.g. Perl, awk) R;oduce a suitable

)

format of data. Another weakness of ns-2 1s its comman l?ﬂ‘lerface which makes
-

| | | | | 9
comprehensive documentations and tutorials of ns§wits split- ga}@mg model

b ¢ X
NGRS
g
®

oINS

ns-3 (“ns-3 Project”, n.d.) is a discrsig<vegnt simPilatofgargeted for research and
‘&

@ research, development, and

the simulator unfriendly for users compared to OPN

In spite of the

remains a barrier to many developers. Yw

3.2.4 Network Simulator-3 (ns-3) 0)

educational use. It is a publicl ahﬂrab

I . .. .
e/Op’an open simulation environment

9,
@ 1t should encourage the research

use. The main goal of the n

for modern networking,

alidation of the package.

(compared \-2), 1s well documented, and caters to the needs of the simulation

work% ing from configuring the simulation experiment until the data

collection and analysis. ns-3 infrastructure encourages the development of realistic
simulation models which allows many real-world protocols and technologies to be
reused within ns-3 simulation. Furthermore, ns-3’s core supports both IP and non-IP

based networks. It 1s focused on such wireless/IP simulations as Wi-F1, WiMAX, and
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LTE for layer 1 and 2. In addition, ns-3 provides the capability of reusing the real
application and kernel code (e.g. Linux kernel networking stack, TCP/IP stack, and

etc.).

Every three months, the ns-3 project ships a new stable tﬁ\z of ns-3
simulation with new models developed, documented, validated, Amaintained by

enthusiastic researchers speared over a large community of us¥&s and developers.

However, ns-3 is not an updated version of ns-2, although al mechanisms have

f specW-Z The main
2

been redesigned based on successful and unsucce

features of ns-3 are listed below: é

e The core of ns-3 is written in C++ %zho

e Most of the protocols implem@ns in

authentic c) >\’
% R O
H&é
e It supports the incorporatfag S& morcwsRen-so networking software
N Aj 8
% f virghali atio@ld a testbed

% ‘v’ ¢ &
o It enables a cugomMiging fracw and@iistics gathering without rebuilding
ﬁ &
#

the simulati l }
oA
4

wir
s
e |t permi %Cl? v@}and connections
T
o |t h\u&xible core wit]\Qfelper layer.

%& ns-3 lacks an Integrated Development Environment (IDE) to
confi d

gurey debug, execute, and visualize simulations in a GUI window. However, for

&%)

e [t supports the inte

the purpose of this study, we have selected ns-3 to conduct all the simulations
presented. We found that ns-3 simulation fulfils the criteria of selecting a network

simulator as mentioned 1n section 3.2.
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3.3 Experimental Design

As presented in previous sections, the evaluation process was conducted using a

simulation approach. The network simulator ns-3 was selected to perform all the

simulation experiments in this study. The design of the simulation ex plays a

major role in gaining useful results, which are well structur% valid. The

experiments were carried out by defining the simulation t0p01 es, selecting the

ssing, and analyzing

statistics, running the simulation scenarios, and collecting, Rw

the results.

\

For the simulation topologies, we used fo@entt of glgs%g)cevaluate the

on of the first

proposed new modifications PETRA. For,a 3&gnsistey omp

topology, we used the same experlment@no e

in@uce TCP Westwood

@ single source and sink
>

elper (ns-3 Documentation,

(Mascolo et al., 2001). The topology w 1
were connected via a gate-way (P % A N}P 11

N
n.d.) was used to con.% SJurc |a§ sink to the PGW. ns-3’s
J‘G) ¢ &
BulkSendApplication c Q ul; dte.

gené.ﬂs continuous traffic started at the
source and ended at t alpng

255

etween the 31

"'mtl)ﬁpon period. To simulate the wireless link

loss environment, “rr@Vlodel class to generate uniform distributed

€ITOTS along t - d PGW.

Figure 3.3: First Simulation Topology

0 Source Sink

Access link Bottieneck link
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For the second simulation model, we adopted the LENA model (ns-3 LTE
module, n.d.) to implement the LTE-EPC simulation model. There are two main

components as we can see 1n figure 3.4, the LTE model. This model includes the LTE

radio protocol stack (RRC, PDCP, RLC, MAC, and PHC) and these e@ﬁeside n

the UE and eNB. In the second component there 1s the Evolved i&cket LBk

This model includes the core network intertaces, protocols and evswhich reside 1n

the SGW, PGW and MME node, and partially within the el node We used this

topology to test the new TCP congestion control modi RA, and then to

compare the results to the NewReno and TCPW le enthtiongy G}.} Nopology is
—k

discussed in more detail in chapter 5. \3—

. -
A W radio link
’
point to point link
logical connection
any link

remote host

A——

che third topology, we have extended the previous LTE-EPC simulation
model to have a somewhat dumbbell topology. We tested PETRA performance over a
congestion LTE network, and we used the same topology to test the fairness of
PETRA among various connections flows. More details about this topology and its

parameters are presented in chapter 5, section 5.4.2.
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For the last topology, we tested PETRA over a mobility environment. We used

the same LTE-EPC simulation model in the second topology, but we include the

mobility feature to the User Equipment (UE). The details of the simulation model are

The hardware used for the simulation was OPTIPLEX 74 &desktop with an

discussed in depth in chapter 5, section 5.4.3.

3.4 Experimental Hardware and Software

AMD Athlon Dual Core Processor — 4200 with a 1GB m 1sk of 300GB. The

installed Operating System is Fedora Release 12 dern Iﬁ 2.6.31.5-
127.fc12.x86 64. The simulator used for all the e@ent as s-'! Vérsmn Xl bs
\z
| .,
C++ was used to implement all the m alg%Yhms presented 1n
‘<

this research. We used gedit version 2. 2m a ext re the C++ code was

written. GNUPLOT version 4.2 was u?% PO

X |7
X A
The essential purpose mng @‘uake

Q

correctness in ne @(lm}ll
{ .

venﬁcatlon e model vahdat@

S
all e gr@ls presented 1n this study.

3.5 Validation and Verificatio}

&
,§\
0;
&

e that a simulation model behaves

O
' a$n & Jain, 2003; Michael, 2001): the model

simulation model has to follow its target model specifications. The first

step mﬁng a simulation model 1s defined 1ts target model, the details of the target

model, and the accuracy that the simulation seeks to reproduce. At the end of this step,
the abstract model was designed. The process of developing the abstract model from

its target model is called model qualification. The abstract model is then developed

into a computer program to produce a simulation model. This process of getting the
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implementation to agree with the abstract model 1s called model verification. Once the

simulation model is verified, then another process i1s started which validates the

model’s behaviour to ascertain whether 1t agrees with the desired target system

behaviour as defined in the model qualification process. This process @ model

validation in the literature. 1‘0

ns-3 provides testing environment tools to allow both mo¥el verification and

testing, and encourages the publication ot validation re r All ns-3 tests are

classified into either test suites or test cases. A test Sug®s 3 c !ec g of test cases

N

that exercise a kind of functionality. Test suites arc@ﬁed 1Rto;

| \fk N
e¢ Build Verification Tests: these tests Q ed tONgIKE mﬁ'ﬂlat the build 1s
&

working \) o
us %mak&v?h@piece of code works as
? @

¢
.
advertised in 1solation \ |

&
e System Tests: these i%ﬁor anjonie
V') s

the NSC TCP test p)Stwged tote ns-

>
dweédo ensure that all the built examples will
&

b

e Unit Tests: these tests ar

N
@ule in the system. For example,

CP implementation

e Example testsch

run

? <>

e Perto e Tests: used @etemine 1f a particular part of the system is

N

within a reasonable time

C

ughing Tests: used to provide, add, and obtain test suites for a collection of

tests.

On the other hand, test cases are used to create new test cases in the system.
These tests can be a one test case per teature, one test case per method, or mixtures of

these models can be used. To create a new test case in ns-3, inherent from TestCase
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base class, we override a constructor to give the test case a name, and override the

DoRun method to run the test.

In this research, we used the ns-3 verification and validation tools to confirm

the correctness of our simulation model. Then we validated our promse@cation

by comparing the results of network performance metrics with the ra $@f two TCP

implementations: TCPW and NewReno.

3.6 Validation of the Network Simulator

WQ, V. 1date the
a,~

gers thq v 1dal process by

4 S

running specific simulations with predeﬁned in \Nnd compares the

Op @ﬁ‘l all available tests
P
have been run and then a status report g t ba g ref
o _

0%t is a result in a number
&
of PASS, FAIL, CRASH, or SKIP 1 tions™N¥Qlligved &w he kind of the test run and

its display name. Figure 3.5 tow a port

research simulator ns-3 vﬁ Q

c} ot

root@Mc 30 -3.190% . jKes
waf: Eng Wdiredtay igome/ anad/ns allinone-3.19/ns-3.19/build’
-/

Waf: Yeavhgg directory me/MgMNanad/ns-allinone-3.19/ns-3.19/build"
'build f1n shed successful 1.167s)

g built:

After setting-up the sn-3 simulator, many testing tools

installed simulator. One tool 1s ‘test.py’; this too

results with the known output values. T

t of the Test.py report for the

N
o

pst.py Report

an teg aoqv | applications
buildings config-store
co csSma csma-layout

;
|PASS: TestSuite lte-ue-measurements
PASS: TestSuite test-asnl-encoding
PASS: TestSuite lte-handover-delay
PASS: TestSuite lte-x2-handover
PASS: TestSuite lte-rrc

PASS: TestSuite lte-harg

PASS: TestSuite lte-mimo
PASS: TestSulte lte-phy-error-model

281 of 284 tests passed (281 passed, 3 skipped, 6 failed, & crashed, 6 valgrind
errors)
[root@Mohanad ns-3.18]# |}
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We have used this tool to validate the version we used in this research. All the

tests as seen in the above figure were “PASS”; however, three tests were skipped

(wimax-qos, wimax-phy, and wimax-tlv).

3.7 Performance Metrics \Y'

As a step toward evaluating our findings in this research, we Aqimented and

%R mplementations:

TCP Westwood and NewReno. To do the comparison, a etvtwork performance

metrics were selected by referring to Floyd (2008). Th etr SW throughput,

@
packet loss, and average delay. Also, we have @ed or rr’e@?- such as
- s

congestion window size, and fairness to confirm wprfm enhdncement of the

&
new modification. c;/ Q‘ %

N
3.7.1 Congestion Window Size e% GA\T §

| ‘“« &
J &
ra\nd Iﬂ%jon %@trol mechanisms to govern

compared the performance of the new modification with two

A TCP connection uses flow cont
I

: the‘, Cszang% the data flow according to the
A &

P ot and, congestion control limits the

| N
? @)
wWo g!hé'an ount of data the network can transmit.
N

lable, the congestion window (cwnd) that

the data transmission. In flow

receiver advertise windo&
Therefore, the sengep Sxde

determines th&er of packets

minimu @f both windows bounding the sending rate (Sharma et al., 2014).

amount of data injecte

fiys a
g
‘b&ét can be outstanding at any time. This is the

The congestion window size 1s an important factor that affects transport
protocol performance, and the bigger the congestion window, the better the bandwidth

utilization. Permanent enhancements and perfections of the TCP congestion control

mechanisms aim to preserve a bigger congestion window size.
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In this research, we record and monitor the cwnd behaviour of the new

modified algorithms using the ns-3 simulator. Then, we will compare the results with

other TCP implementations using plotted graphs.

3.7.2 Throughput

\Y'

which none of

According to RFC 1242, throughput 1s defined as the maximum rata

the offered frames are dropped by the device (Bradner, 1991). roughput usually

measures in bits per second (bps) or packets per time slot wlly per seconds). A

network throughput or an aggregate throughout 1s the syt at% successfully
i

transmitted and received to all the network’s terminal§Ng 1s a ¢lear q.algnost new
AN

congestion control mechanisms to maximize the w.n OW I’ral — ou%p"t.

There are two ways to calculate the throu . Jhe indi inéﬁthroughput and the

@ytes received by the

goodput. The indiscriminant throughaj th@%}l‘t
51
'K €

tramsutged d&%r not. On the other hand,
goodput is the useful tratfic t 10U

N
l,‘jes g I@msmitted packets, downstream
’ o
n

Vi s
' g

Rdsresearch, we used the second type
0 g" 3
4

affedt a communication system throughput,

destination regardless of whether 1

excl

dropped packets, and packet agme‘x

ﬁn{
dactor

4

' g
including the ﬁaﬂns of the p }_rs"zl medium, terminals and intermediate nods

h
\
speciﬁcati@ell as the limitations of the transport protocol itself.

Qresearch, we measured the throughput as the total bytes transmitted and

of throughput calculat: |useg}3 measure the communication channel

performance. Vari

successfully received at destination within the simulation period in a unit of MByte
per second. For any given time, (f) and />0, and N 1s the number of bytes transmitted

in [0,7]; we calculate the throughput (B, as 1n equation (3.1).
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(N /1024*1024)
[

Bt

(3.1)

To measure the value of N we used the flow monitor module (ns-3, n.d.)

provided by ns-3. The flow monitor provides a tlexible system to sure the

performance of network protocols. The module can be installed in an € to track

the packets exchanged by the nodes and measure various statisticsﬁe exported in

XML format. The user can also access these statistics directly tgre cSt specific stats.
We used the ns-3’s flow monitor to trace every packet rgce1Ned bif the sink using a

void function called SinkRxTrace to calculate the rx . i1ls about the

flow monitor could be found at (ns-3, n.d.).
3.7.3 Packet Loss

Another important network performancE metM

refer to packet loss as the number %)pe@ pa Zis

S\
There are two ways to calculate l rjof c@yped packets. This is done in
I

two ways: by tracing every r%

events or duplicate ackn&m '

packets sent and rec@ e /JS'
) ﬁuvzz

of dropped packe equ o
Y N
N -

% DP=TotalPacketSent — TotalPacketReceived (3.2)

i‘t%t ¢ sender side either a timeout

' by tracing both the total number of

d method to calculate the total number

Qasure the TotalPacketSent, and the TotalPacketReceived we used the
flow monitor module to trace both the txBytes and rxBytes respectively. Where

txBytes is the total number of transmitted bytes and rxBytes is the total number of

received bytes.



73

3.7.4 Average Delay

Delay can be measured as a router-based metric of queuing delay over time or in term

of per-packet transfer times as a flow-based metric (Floyd, 2008). A flow-based delay

includes nodal processing, transmission delay, and propagation del{y™¥Nodal

Q

processing includes check bit errors, delay at the sender waiting for @rt protocol

to send packets, determine output links, etc. On the other hand,

includes acknowledgments store and forward delay, link bandwitglf,

bits into the link, etc. Finally, propagation delay is the ¢z5p¢d of transmission

of a packet which is equal to the length of a physica

ink ®vided ky

speed in medium (Demichelis & chimento, 2002).

(3.3)

el%uéjﬁation of all the received packets delays
N

dule@)e delaySum traced value.

Jitter is the packet delay variation (Demichelis, 2002). The term “Jitter” has caused
confusion because it is used in different ways by different people. This term generally

has two meanings. Firstly, it means the varnation of a packet delay with respect to the
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clock signal (reference to synchronous signals). Secondly, it means the variation of
some metrics with respect to some reterence metric (e.g. the variant of packets delay
to the average delay). However, a network with constant latency has no jitter (i.e.

jitter= 0). Figure 3.6 describes the meaning of jitters.

Figure 3.6: Packet delay variant (Jitter by the internet)

Jitter

\Y'
L

Sender

|5

In this research, we used the flow moni asur§ the value of

t
all the end-to-end delay variation values of ;

3.7.6 Fairness \e | 7
Fairness is an important 1s &; CO yeﬂ n implementing a new TCP
, ¢ '

congestion control mech% Acqo
) msd)&ge as that of all other users which have

fair if “each user’s thr gt p
v,

t lesed to ensure that users and applications

jitters as defined in RFC 3393, using the j1 Y jitterSum traces

to J & Gerla (1981), a connection 1s

the same bottlene Fal es

access the ava&

TCP unfaim@oblem results when multiple connections with different round trip

' 4

etwork resour equltably to provide a best-effort service. The

times @lhe same bottleneck, whereas long RTT connections increase their

congestion window more slowly than short RTT connections.

In TCP congestion control mechanisms, there is limited agreement in the

literature about what should be equalized, equal delay, equal throughput, or equal
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power for all users to share a resource. However, in this research we tested the fair
bandwidth sharing of the new congestion control mechanism using Jain’s fairness
index (Jain, 1984). This index is applicable to any number of users and connections,

independent of the amount of resources, and it is bonded between 0 and&govide
S Wy ou

intuitive understanding of the fairness index result. For any set of u ghputs

(T), T», ..., T,), Jain’s fairness index 1s given as 1n equation 3.4. *

Fairness (throughput ) = i j (3.4)
d
[ =1
- % &
Where n is the total number of TCP users. %ﬂal throughput

Qﬁss index of 90%

then the fairness index will equal to 100%. @0'[
D

means 90% of the bottleneck bandwidthgs shafedstn

he connections.

3.7.7 Friendliness

different transport protges

competing for tt@e ho
congestion c@'ﬂechanism CO

by usin orm of TCP congestion avoidance mechanism as AIMD (Additive

e throughput as TCP flow if they are

- .TP-Fﬁendliness emerges as a measure of

w
ness. Usually, protocols meet this requirement

Increas tiplicative Decrease). A TCP-friendly scheme should be able to use the

same bandwidth as TCP during the steady-state phase, aggressive enough to use the

available bandwidth, and responsive to protect the flow from congestion (Widmer et

al., 2001).
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For the first moment, fairness and friendliness appears to be the same term.

However, Fairness aims to validate the fair share of the available bandwidth among
different flows that run the same transport protocol. On the other hand, friendliness

aims to validate the fair share among different flows that run differe%nsport

ting the proposed

yave %ced a brief

@
background study about approaches to evaluating kork pgrfork qn.&e;s: hen, we

protocols.

3.8 Conclusion

In this chapter, we have discussed the methodology of

congestion control algorithms, PETRA. Firstly,

ed 'tovevaluate the

N~
e gdideussed the main

e&?so introduced in this

N

to evaluate the proposed

elaborated more about the network simulation?noa ~-

performance of the proposed modiﬁcatio@. vior 03@1'

network simulators. In addition, the demEed

chapter. Finally, we introduced the p%an

modifications in this research

Txt chapt
I
modifications to TCPW conges;m) co%%m.

NP

NG

will 1introduce three new




