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Abstract

The Internet has evolved dramatically in the past few years as result of developments in
internetworking/telecommunications technologies and increasing market demand for
interactive services. While increasing service diversity is noticeable through steady
competition for developing and delivering multimedia content, the Internet infrastructure
as a whole has evolved in a rapid and almost “organic” fashion, resulting in an enormous
mesh of hosts, networks and network peering points — a complex and fault susceptible
environment. In addition, the lack of Quality of Service (QoS) standards and the lack of
consensus on what is an adequate QoS level has led to an atypical situation where
customers are serviced in a best-effort basis, without clear guarantees of effective

performance.

In the face of these performance issues and the assortment of application service level
requirements, several research initiatives have gained attention in the last few years. The

main initiatives currently being debated are:

¢ Backbone improvements: bandwidth maximisation, development of new resource
management/measurement techniques and tools, Mbone (Multicast Backbone), etc;

e Protocol improvements: IPV6, RSVP, Tag Switch, Jumbo-frames, TCP for high
performance networks, routing protocols, etc;

e Data compression techniques: development of new compression methods for
encapsulating video, audio and images over IP;

¢ New access technologies: Fibre wavelength re-use via DWDM (Dense Wavelength
Division Multiplexing), Digital Subscriber Line (xDSL), Hybrid Fibre Coax (HFC)
platforms, Local Multipoint Distribution Service (LMDS) systems, Multichannel
Muitipoint Distribution Service (MMDS) systems and high bandwidth satellite

access;



e Economic drivers: new mechanisms for charging Internet traffic due to the
inefficiency of traditional PSTN charging methods for measuring Internet usage

and unfairness of peering agreements.

This report investigates the behaviour of TCP bulk file transfer application sessions in a
broadband access environment. The focus is on the development of an end-to-end
throughput measurement tool for evaluating the effects of both internetworking topology
and application server traffic demand over throughput for a broadband user while
downloading files from remote Web based file server repositories. In addition, the decision

to carry out this research was influenced by three other reasons:

e Lack of standards for diagnosing, evaluating and correcting performance problems
in a particular network;

e TCP packets are responsible for 90 to 95 percent of all Internet traffic [15];

e The importance of file downloading has increased together with the development of
new compression formats because multimedia content such as compressed music, |
compressed video and general data can be widely found on the Web. Furthermore,
NAPSTER' and other collaborative download environments have increased the
popularity and demand for downloading files among a community of Internet users
[9,10,11]. The traffic impact of NAPSTER has been such that some academic and

commercial organisations are now prohibiting its use [12,13].

In terms of Internet analysis modelling, this research introduces some concepts for
evaluating network behaviour: a path instability parameter (£ ) for analysing different TCP
connections; a minimum RTT delay and a minimum typical path for estimating path

characteristics between a client and application servers.

The main findings of this research are: a strong correlation was observed between

throughput performance and traffic demand in both the Application Server and

VI



interconnecting networks; some cyclical throughput behaviour suggesting a high influence
of the US backbone on throughput performance for download sessions originating from
Application Servers located outside Australia; throughput performance depends not only
on technical drivers but also on economic drivers such as the inter-network pricing regime;
for some downloading sites, low throughput performance seems to be related to a higher
number of satellite links within interconnecting networks; finally, in spite of having a
connectionless network layer, the Internet environment has a high path stability, i.e., it is
predominantly connection-oriented. The latter confirms research carried our by Paxson,
Lebovitz et al & Chinoy, where path changes affect less than 1% of Internet connections
[41,45,46].

! See http://www.napster.com
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