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ABSTRACT OF THE DISSERTATION

As the Internet grows and becomes universally available. 1t hecomes very important 1o
deal with real time service delivery to applications. Thus an interest has developed in
having the Intcrnel to provide some degree of Quality of Service (QoS). The
Differentiated Services (DiffServ) architeeture has been proposed as scalable solution
for providing service differentiaton among flows without any per-flow buffer
management inside the core of the network. A diffserv domain at its edge may control
the amount of traffic that enters or exits the doman at various levels ol drop
precedence, such traffic conditiomng may include traffic shaping, discarding packets
and reassigming of packets lo another traffic class, This dissertation invesligates the
effeet of using various shapers and markers on different stream of trafhic tvpes (VI3R,
CBR. and VBR with a background traffic) on the overall diffsery domain. Simulations
are conducted using N§-2 simulation platform applying the traffic stream shaped by
shaper and followed by marker. The shaped traffic then applied across a diffserv
domain under normal traffic conditions to determine the effect on the level of the
congestion due to a particular shaper and marker used. The most suitable one, for a
particular application, generates a maximum number of conformed packets and less
loss packets, thus reducing the potential of congestion in the network. Shaping the
traffic stream, in wpeneral, can reduce the percentage of losses and at the same ume
increased the transmitted number of conformed packets and thus better performance
dunng congestion time. Also we can see that for the VBR applications that run
without any hackground traffic shaped by tswTCM combine with Jual token bucket
shaper has a better performance dunng congestion pennds than using srTCM and
wTOM, bt for applications that are more sensitive to delay pitter r1CM 15 more
siitahle For o VBR epplicaiion that runs beside background traffic, 'fCM scheme
s a better performance dunng congestion perntods i terms of delay s but
s TOM mcasures a better performance in terms of the number of conformed packets
and the pereentage of losses.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Traditionally, the Internet has provided only best effort service to every user with out
any consideration to any requirements such as delay jitter and loss. Because every user
receives the same level of service, congestion in the network often results in serious
degradation for applications that require some minimum amount of bandwidth to work
properly. As the Internet grows and becomes universally available, it becomes very
important to deal with real time service delivery to application such as IP telephony,
video on demand and interactive multimedia. Thus an interest has developed in having
the Internet to provide some depgree of Quality of Service (Qo8). To provide difterent
QoS Commutments, the Intemet Engineening Task Force (IETF) developed many
technologics that require resources such as bandwidth and buffers to be cxplicithy

reserved for a given data flow to ensure that the application receives its requested

(Jos,

Tlus dissertavon 1s divided into six different chapters. Chapter one wives a general
intreduction and describes the problem statement or dissertation statement and gives a
bterature review of the current works on the same arcs. Chapler two zives a
background to vanous new lechnologies such as MPLS, ATNL lniser. Diffsery,
Chapter three gives an overview 1o network traffic. congestion control. traffic shaping,
and overview of ditferent shapers, markers. and meters schemes sueh as leaky bucket,

token bucket, srTCM, uTCM, RAS, TSW. Chapler four gives an introduction 1o



simulation software NS-2 that has been used as a simulation tool for the curmrent
problem; also it contains the expenmental Setup for the problem. The result of the
experiments and discussion has been shown in chapter five, Finally, chapter 6 pives

the conclusion and recommendations for (uture research.

1.2 Literature Review
Many work and papers have looked at traffic shaping and congestion control in
Asvnchronous Transfer Mode (ATM) networks, but a few investigate the same

problem with the new diftserv architecture.

[n 2000, Sahu, Nain, Towsley and Dhot examined whether it is possible 0 provide
service differentiation among a set of TCP flows by choosing appropriate marking
profifes for cach flow and under which circumstances the marking profiles are able 10
infliuence the service that 4 TOP flow receives and how o choose a correct profile 1o
achieve a wiven service level The paper has denved an analytical model for
determiming the achieved rate of a TCP flow when edge routers use a token bucket
packet marking and core routers use active quene management for packet dropping. It
15 for computing the send rate as a function of token buckel parameters. A token
bucket marking profile for 2-color 18 described by (green (confirm) and red {violate))
they assume;

A token rate

B loken bucket size

P.. P-: loss probability for green and red packet respectively

T: average round trip time for the TCP connection

R: Rate

b



The paper considers two cases
1. Under Subscription case: P=0. 0<Py<]

’, (A +sqritA2 + 6/P2T202 A == VT { sqri2(B+1/Py) + 2 sqri{2B))
R_'

Liﬁ._r'-l H3sqri{ B+ /Py (2sqriC2 T A=UT ( sqri(2(B+17/Pa) + 2 sqrt(2B )

2. Ower Subscription case: P10, P2=|
R- min AL (A+sqru2ZB YT, T{sqri3/2P))

The paper validates this model using NS-2 and then used this validated model to
examine the effect of token bucket parameters on achieved rate and it concludes that

the achieved rate depends on the assured rate and bucket size in a non-linear manner,

fn 2000, Li. N. Borrege and Lio S presented a tralfic conditioner based on rate
Regulation via Early Adaptive Detection (READ). The paper described the emergenee
of diffserv and gives an overview for its architecture and about Assured Forwarding
(AF} and Expedited Forwarding (EF) Per Hop Behaviour (PHB), and then gives a

deseription of the new scheme READ (Fig 1.1,

There are many henetits of choosing the shaper to regulate TCP throughput:

I The shaper 1s the first one o know when the I'CP sending rate exceeds the
threshiold to trigger 2 packet drop

2. the FiFO gueue et the shaper remembers the accumulated past arrival rate once
the arrival rate exceeds the shaping rate. without any additional information the shaper
has enough infermation to decide wher_‘: a packet should be dropped.

3. The queue makes it easy to use a drop from front strategy to speed up the control.



incoming pack Classificr

Shaper Meter > Marker Outgoing packets

—

{ Dropper

Policer

Fig. 1.1 The structure of READ

Authors supgested adding the fecdback mechanism as an optional component to the
scheme (READ) in order to increase the overall performance. The simulation study
shows the effectiveness of READ at boundary nodes within diffserv domain and also
shows that READ significantly outperforms Rate Adaptive Shaper (RAS). Also the
simulations proved that usage of a feedback mechanism with READ will improve the
TCP pertormance bul using as adaptive marker doesn™t give a significant

improvement.

[n 1995, Chan and Liu investigated different types of policing functions including the
well-known leaky bucket scheme (L.B), Generalized leaky bucket (GLB) peak
counter scheme (PC), and their modified version leaky bucket with feedback (LBE),
The GLB scheme and PC scheme are both effective in shutting of a single abusive
source, in the limiting case PC 1s very similar to the GLB scheme. However, PC

requires more complex implementation that makes GLB the more desirable scheme.



When multiple sources are considered for LB, GLB and LBF, both GLB and LBF
show improvement, but GLB perform better in handling packet loss sensinve traffic

and L.BF perform better for burst loss sensitive traffic.

In 1996, Standficld and Carvey in their simulation showed the effectiveness of the
leaky bucket in controlling the cell traffic o the network., and that the two
significant design parameters (token refresh rate, and token buffer size) are capable of
providing the necessary policing mechanism for the traffic. An input queue can be
added 1n arder to provide shaping or smoothing to the cell traffic. The additions of the
input queue have the effect of decreasing the cell loss probability but increasing the

cell delay

In 2000, Ferrana focused on the mechanisms used to implement the Expedited
Forwarding Per Hop Behavior (EF PHB). The paper analvzed these mechanisms with
respect 1o two main QoS parameters: delay and delay variation. The paper studied the
impact of buffering withun a diffserv node and compares the effectiveness of several
different scheduling algonthms for treatment of EF traffic under different network
configurations with a range of different parameters and traffic conditions for the
analysis of classificalion, melenng, packet marking, policing and schedubhng. It shows
that. sccording 1o the results, delays are function of many PHB parameters such as FF
queue size and the EF queue service rate, as well as a diffserv node parameters such as
the fransmussion queue size. the average background packet length and the EF
scheduling algorithm adopted. Also 1t shows that, priority queuing has a better delay

charactenistics than Weighted Fair Queue (WFQ) but ne significance different in jitter.



In wide arca tests, jilter is particularly influenced by the degree of EF flow
aggregation. Also 1t shows that the aggregation of multiple combinations of EF flows

can produce burstiness and consequently cause heavy EF packet loss.

Iin 1998, Schinid, Scott, Hutehison and Froitzheim explored the effectiveness of the
next generation Internet protocol, [Pv6, in sensitive real time traffic media streaming;
especially live audio over the [ntermet. It determines the efficiency gain for packet
classification. It used the audio streaming application called web audio which make
use of Resource Reservation Protocol (RSVP) of the IETF'S Integrated Service
(Intserv) architecture to achieve QoS for audio stream flow, Label based packet
classification withim RSVP decrease the processing cost i routers in order of 3-6
times with rtespect to standard [Pv6 and about 2-4 mwmes with regards o IPyvd
classification. The results vary depending on the available processing architecture. As
a result, unlization of the flow label with resource reservation enables routers lo
handle sigmficantly more flows before reaching their processing hmit and reduces the
end o end delay due to simpler and hence, faster packel processing al each

intermediale router along the transnuission path.

In 1998, Golestani and Bhattacharyva have formulated an end-to-end CoTEestion
control as a giobal optimizalion problem. Based on this formulation, a class of
minimum cost ow control {(MCFC) algonthms for adjusting session rates or window
s1zes are proposed. Two algornthm versions are discussed, the first one is a coarse
version (coarse realization) geared towards implementation in the current Intermet,
relying on the end-to-end packet loss observations as indication of congestion. The

second one is a more complete version (exact realization) which anticipates an



session can get explicil congestion information through a concise probing mechamsm:
some of data packets of each session include a short congestion field that 1s modified
by each swilch that the packet visit. The paper also has provided a companson
between the MCFC algorithm and some of the congestion control schemes previously
proposed for the Intemet such as TCP congestion control, binary feedback scheme,

random early detection and the dynamic adaptive window.

tn 2000, Bhaniramka, Sun and Jain compared the service received by TCP and UDP
flows when they share a link or MultiProtocol Label Switching (MPLS) traffic trunks.
I'he simulation results shows that for UDP and TCP mixed in a trunk, if UDP
{congestion-unresponsive} flows increase their rates, the TCP (congestion-responsive)
reduce service and affect the averall throughput. Therefore. different types of flows
should be solated in different trunks i order to guarantee quality of service. The
trunks need to be end-to-end. otherwise the advantages of isolavon i other parts ol

the network will be reduced significantly.

In 2000, Ferranb evaluated Differentiated Services (DS) QoS architecture, The
cxpenments were setup in presence of LI aggregation (without tralfic conditionmg),
the resulls shows that the limnation of EF load of the aggregation degree and the
presence of the small packet sizes greatly contnibute 1o nunimize the occurrence of the
occasional bursts, and the mereasing in the EF queue size has a munor effect on delay.
In the case of limited load the instantaneous packer delay vanation 18 mimmized, Also
1t shows that the weighted fair quene scheme (WF(Q) 1s less burstiness-prone 1f the EF
departure rate approximately equals the armival rate, while 1l converges to priority

queue (PQ) when the EF queue weight and the corresponding service rate increase,



thus with WFQ a tradeoll between one delay mininmzation and burstiness avordance

has to be Wentified.

In 1998, Mitchell, Van and Place used linear algebra queuing theory to model the
behavior of token leaky bucket as a traffic shaper. It focuses on the hehavior of the
token leaky bucket mechanism with respect to second order staustics of the departure
process under varous correlated cell amval and deterministic token arrival
distmbution. It denves an expression for the lag-k auto-correlation of the mnter
departure tmes for the token leaky bucket cell departure stream and produced
numencal examples for the lag-k auto-correlation of the token .Icaky bucket inter-
departure times for several different arrival distnibutions exhibiting for hoth positive
and negatve auto-correlations, This study shows that, shight correlation does exist in
the output process of a token leaky bucket even when the input processes are renewal
processes, and the analysis ot departure process of the token leaky bucket under non
renewal cell armval distnibutions which are shown to be correlated. shows that the
token leaky bucket provides a little traffic shaping with regard to correlations 1o

alleviate detnmental impact of highly correlated amival traflic on huffer requirements

in 1998, Goyal, Jain. Fauhmy and Naravanaswamy descrnibed the OPNET models that
has been developed for ATM and Available Bit Rate (ABR} design and analysis in
ATM, which 1t has been designed 1o fuirly distribute all unused capacily 1o data
ratfic. It has been specified i the ATM forum’s waffic management (M4 0)

standard.





