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Abstract

With the growth of mobile computing, users will have simultaneous acessto multiple networks, eat
with different charaderistics, services and costs. This paper introduces TOMTEN (TOtal Management
Of Transmissions for the ENd-user), a framework for managing resources in this environment.
TOMTEN is a readive framework that is only active when either the gplication is garted up or the
user indicates disstisfadion with a aurrent sesson. The framework being readive, positions it in
contrast with al Quality of Service (QoS) frameworks propcsed to date, since these ae @ntinuously
trying to predict the user’s perceived quality and preferences.

In addition to this readive QoS, TOMTEN also supparts application adaptivity within the framework.
Application adaptivity in TOMTEN does not require modificaions to the gplication as it is done
transparently using proxy modues.

This paper presents the TOMTEN framework and shows how it attempts to assist the user in
maximising their resource utilisation through the usage of the readive QoS management scheme and
applicaion adaptation. The paper discusss the different components that form TOMTEN, before
introducing a prototype implementation and presenting experimental results using two applicaions — a
MPEG player and aweb browser.

1. | ntroduction

With the growth of mobile computing, users will have acess to heterogeneous
networks consisting of both wired and wireless networks. It is likely that these
networks will be overlaid thereby allowing the user to have simultaneous aacess to
more than ore network. This environment will be daracterised by variable services
from both the end-system and the networks. It will aso be dharaderised by rapid
fluctuations of service levels and changes in cost. This paper introduces TOMTEN
(TOtal Management of Transmisgons for the ENd-user), a framework for managing
resources in such an environment.

As perception d quality isfinally dependent on the user, we believe it is necessary to
asgst the user in controlli ng this environment rather than having the system deade on
an acceptable level of service[Lan98. TOMTEN does not make dedsions on whether
the arrent level of service being received by the user is stisfadory, rather it leaves it
up to the user to indicae when she is unsatisfied. Therefore, the TOMTEN
framework takes a readive gproach rather than the predictive goproach taken by
most Quality of Service (QoS) models [V og95].

The essentia feaures of the TOMTEN framework are that it provides a very simple
interface for the user to interad with and a large degree of flexibility and adaptivity.
The interface is provided using a Graphicd User Interface (GUI), through which the
user interacts with TOMTEN. The flexibility and adaptivity are provided through



letting the user choase which networks are used for which applicaions and by being
able to dynamicdly modify the gplications behaviowr and the underlying
communicaion subsystem to the arrent operating environment.

We will i ntroduce the four comporents that make up TOMTEN — USA, PRIMATE,
Boomerang and a network switch in Sedion 2.In Section 3, we discuss how these
comporents interad within  TOMTEN. Section 4, dscusses a prototype
implementation d the framework, and some experimental results we have obtained.
Future work and related work are discussed in Sedions 5 and 6 respectively, before
presenting our conclusionsin Sedion 7.

2. TOMTEN

The a@m of this framework is to help the user to maximise the utili sation o current
resources. We try to achieve this goal firstly by suppating a highly configurable
architedure and seoondy by simplifying the use of this architecture for the user
through a graphical user interface

We suppat flexibility in three dimensions. applicaion adaptation, communicaion
protocols and retwork interfaces. In the network interface dimension - we dlow
different networks to be used by different applicaions, as well as managing resource
reservations when such a network is available. This allows the user to dedde on the
cost versus performance trade-off. We dso allow for the goplicaions charaderistics
and behaviour to be modified. The techniqgue we propcose does not require ayy
modifications to the gplications, instead we place service modues acting as proxies,
in-between the two end-systems. These transparently modify the goplications
behaviour similar to the work done by [Fox96]. Finally, we use tailored
communicaion protocols that can be nfigured to suit the particular network
environment and the gplication’'s requirements [Des98]. By working in these three
dimensions, we ae &le to best suppat the requirements of the user, given the
currently avail able resources.

The TOMTEN framework consists of four main modues as shown in Figure 1:

* A reactive quality of service management modue called USA (User Services
Asgstant), that manages a globa view of the available resources and provides
suggestions to the user abou their options when they are unsatisfied.

* An applicdion spedfic adaptation modue called PRIMATE (PRoxy Intelli gent
Modde for Adapting Traffic Efficiently) that is used to provide varying levels of
serviceto the user withou modifying the gplicaion.

* In order to allow applicaions to be used in the TOMTEN framework withou
modificaion, we use amodue, Boomerang, which intercepts the traffic from the
applicaionandrediredsit to the PRIMATE.

* A network switch that enables individual applicaions to be run through a dhosen
network interface

These comporents are ill ustrated in Figure 1, and will be discussed in the foll owing
sedions.
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USA (User Services Asdstant) is the readive quality of service manager at the centre
of the TOMTEN framework. As mentioned ealier, most QoS management schemes
adively monitors applicaions and tries to keep the resource usage within certain
boundries. If these QoS schemes detect that an applicaion is violating the pre-
determined boundvies, they try to compensate by re-negotiating locd and retwork
resources. These @mmplex re-negotiations are dore withou user intervention o
knowledge, in the “belief” that they will im prove the perceived level of quality.
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We believe that the perception d quality is dependent on a number of factors like the
user’s individual preferences, the content of the media stream and surroundngs. On
this basis, it is not passible for the system to predict the user’s perception d quality.
Therefore, urlike other QoS managers, USA is nat predictive; rather it is reective and
waits for the user to indicae that they are unsatisfied with the aurrent quality of a
given applicaion. Furthermore, USA does not automaticdly make any changes to the
negotiated resources. Instead it suggests to the user a possble set of applicaion
adaptations (achieved through PRIMATE) that may improve the performance The
user deddes, from thislist of options provided by USA. If the gopli cation adaptations
are unacceptable or unable to improve the gplicaion performance the user has the
option to change system settings. Thus, the user is informed o the new costs of the
conredion —something schemes that automaticdly re-negcatiate resources fail to do.
Therefore, one of the important feaures of TOMTEN, is that the user is included as
part of the QoS management scheme.

Figure 2 shows the different modues that constitute USA. Given that the user is an
integral part of this framework, it is vital that the user can easily interad with USA
and this is adiieved using a smple Graphicd User Interface (GUI), namely a
disstisfied buton.

USA uses resource probes to ascertain the differences in the available resources in
order to determine the cause of user dissatisfadion. It probes both locd and retwork
resources and suppats different probing tools. USA aso suppats resource managers,
which are ale to reserve both locad and retwork resources where passble. This way
USA handles different resource reservation procedures sich aswith ATM and RSVP.

The PRIMATE manager in USA maintains information d the available PRIMATES
and the gplicaions that use them. The PRIMATE manager is aso resporsible for
downloading new PRIMATESs and running them, as described in sedion 2.2 t&low.

The final two comporents of USA are the logic modue ad the Management
Information Base (MIB). The USA logic modue is resporsible for conneding the
different comporents together and suggesting adaptation ogions when requested by
the user. The MIB stores information abou the gplication, this information is



optional and may be entered when the gplication is registered with TOMTEN. The
MIB informationis used to aid in the suggestion making process

22 PRIMATE

The PRIMATE (PRoxy Intelligent Modue for Adapting Traffic Efficiently) provides
applicaion adaptation functionality within the TOMTEN framework. Application
adaptivity has been traditionally built into the gplicaion. Consequently, eadh
applicaion attempts to monitor its performance and adapt on individual knowledge.
This approach is limited by the fact that applicaions are unable to have proper
knowledge of the system resources and secondy the development of applicaion
adaptivity has been dore in an ad-hoc manner.

PRIMATE attempts to addressthese isaues by separating appli cation adaptivity from
the gplicaion into an independent modue. The PRIMATE modues prevent
modificaions to the gplicaion by intercepting application data streams, using
Boomerang (see Seaion 0), and transparently modifying it. PRIMATES are generally
implemented in a distributed manner all owing the gplication datato be adapted onan
intermediate system simil ar to work conduwcted by [Fox96].

PRIMATEs have the advantage that they are mntent spedfic, rather than applicaion
speafic. For example, a PRIMATE developed to provide aaptivity for MPEG
Streans could be used with any MPEG Streaming applicaion. Moreover, as
PRIMATEsS are developed separately to the gplication, they do nd require accessto
applicaion source and encourage development by third party vendars.

Figure 3 shows the basic composition d PRIMATE. The PRIMATE services that
perform on the gplicaion cata ae dependent firstly on content spedfic knowledge,
and seaondy on atail ored communication subsystem.

The mntent specific knowledge consists of knowledge dou how the goplication dcita
strean can be aapted. The gplicaion content itself, can consist of a number of
media types — like aweb browser that can support different data types (i.e. different
image, audio or video standards). The antent knowledge can use anumber of media-
spedfic adaptation modues as shown in figure 3.

USA Application Data

A

Media-Specific
Adaptation Modules

Content
Knowledge

A 4

Configuration PRIMATE
Manager Services

Automatic
Communication
Protocol Generator

Figure3PRIMATE



The second comporent of PRIMATE's srvices is based on the development of a
talored communicaion system. A talored communication potocol is a
communicaion subsystem specificdly developed to suppat the gplicaion's
requirements and the network environment. It has been shown in [Des98] that these
protocols can be dynamicdly generated, using automated techniques, to improve
applicaion performance.

The neal to suppat tailored communicaion protocols evolved because traditional
communicaion protocols, like TCP and UDP, were shown to be unsuitable for many
of today’'s applicaions and network environments. The mobile cmputing
environment is one of the eavironments where traditional protocols have been shown
to perform poaly [Bak95, Fla9§].

PRIMATE s distributed design, allows tail ored communication protocols to be easily
suppated between the locd and remote comporents, withou modificaion to either of
the end applications. Thus, PRIMATE's protocol suppats the development of indired
protocols as proposed by [Bak96].

The fina element of the PRIMATE modue is the configuration manager that
generates posshle anfigurations. These suggestions are generated based on the
content knowledge and passble tailored communicaion subsystem configurations
that can addressthe criteria specified by USA. These suggestions are returned to USA
who will present these options to the user. When the user selects an ogion, the
configuration manager will be resporsible for recnfiguring the services provided by
the PRIMATE.

2.3 Boomerang

Boomerang plays a simple but important role within the TOMTEN framework. It is
resporsible for transparently intercepting the data transmitted by the goplicaion and
redirecting it to the PRIMATE. Withou Boomerang, it would be necessary to modify
the gplication to transfer its data directly to PRIMATE, which in turn would require
it to suppat proxy processng (as dore in some of the newer Internet applications) or
else require modifications to the gplicaion. Boomerang provides a uniform solution
to this problem as neither of the two can be guaranteed.
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Figure4 TOMTEN Prototype | mplementation Architecture

Figure 4 ill ustrates how Boomerang will i ntercept traffic from the goplication in the
implementation framework of TOMTEN, which will be discussed in Sedion 4.1.

24 Network Switch

We believe that mobile computing environments will suppat multiple overlaying
networks, each associated with dfferent performances, services and costs. Within this
environment, it is necessary to alow users to run applications over a chosen network
that will satisfy their requirements at the dheapest cost. The Network Switch has been
designed to fulfil this obligation. In the simplest case, the Network Switch is an
extended routing table that al ows routing on IP addressand port numbers.

When we look closer at this environment, we natice that there are limitations to this
basic solution. Firstly, it is necessary to suppat mohility in this environment, which
can currently be adieved using IP mohility techniques like the Mobile-IP protocal.
Mohil e-IP hides the movement of the mobile cmputer by forwarding IP traffic to its
current location, commonly results in triangular routing. Mobile-IP protocol aso
requires that the mobile computer maintain the same IP addressfor al interfaces —
there by all owing interfaces to be “hot-swapped” without disrupting the gpli cations.

Sewmndy, we require that applications can transfer data across gedfic network
interfaces and receive the rrespondng replies on the same interface This would
require that the interfaces be individually identified (i.e. using different IP addresses)
to allow the return traffic to be sent on the same path. If al the interfaces maintained
the same IP address the network could na differentiate between the different
interfaces and hav routing for them shoud be handed. Thus, al return packets would
be routed along the same path to the host.

Thus, it can be seen that these two pants are @ntradictory in many ways and we
currently leave it as an open reseach isue to develop a tedhnique that can
acommodate both these requirements.

3. TOMTEN Framework

The user starts an applicaion through USA’s GUI (1) as shown in Figure 5. The user
here informs USA of the general importance of the gplication (high, medium or low
preference). USA cheds the avail ability of the locd and retwork resources (2) before
suggesting, to the user, a short list of the most appropriate overall configurations
given the eavironment (3). These suggestions are based on information from USA’s
MIB and by probing the avail able resources. We would exped the list to contain two
or three toices of suitable configurations, and the final decision is then the user’s.
The user has here the thoice of accepting one of the recommended configurations or
to change the level of importance of the gplicaion so that USA will provide anew
set of choices.
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When the user makes a doice the USA configures the different TOMTEN
comporents (4) — Boomerang, the Network Switch and starts a PRIMATE. USA will
also make any local and/or network resource reservations. USA also contacts its pee
entity on the intermediate host and requests it to start the remote PRIMATE (5).
Currently to smplify our TOMTEN model, we asume that the Intermediate system is
always able to suppat any requests made. Finaly, the gplicaion is darted (6) by
USA.

When this is completed, USA moves into the badground. As USA does nat try to
make any prediction d the perceved level of quality, it does not attempt to modify
the environment withou user intervention.

When the user is unsatisfied, they indicae it through USA’s GUI (1) as shown in
Figure 6. TOMTEN then tries to determine what may have caised user
dissatisfadion. This is achieved by probing the airrent locd and network resources
(2) and comparing it with the resources that were avail able when the gplication was
launched. Thisway USA determines what resources are aurrently limited.
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USA then requests PRIMATE to suggest applicaion adaptations (3) that might
improve the perceived level of quality given the specified limited resourcg(s). As
PRIMATE processes the applicaion dbta stream, it is able to gather its own
information onthe performance of the gplication. This informationin contrast to the
system level information probed by USA is a the applicaion level. Therefore,
PRIMATE will return to USA a set of possble aaptations it can provide a well as
recommendations on what types of system level resources may be of benefit to the
applicaion. For example, PRIMATE might keep statistics of packet jitter for its data
stream and could therefore recommend that a network with lessjitter would improve
the goplicaion’s performance This information would atherwise be difficult for USA
to attain.

USA would then recommend to the user how they could improve the airrent
performance of the goplicaion (4). Thiswould consist of two sets of options. The first
are the goplication adaptations provided by PRIMATE. The secondis alist of system
changes that are generated from the information gathered from the locd and network
resource monitoring and recommendations made by PRIMATE. For example, it could
suggest switching to a different network or shutting dovn aher CPU intensive
applicaions. As before, the number of choices recommended to the user shoud be
kept small.

The other consideration when presenting choices to the user is that resource re-
negotiation is generally very complex when compared to applicaion adaptation.
TOMTEN therefore bases its suggestions on applicaion adaptation and resource
changesthat do nd require re-negotiation.

As said before, the final decision d what action to take is then made by the user (4).
This has the alvantage that the user can ignore inappropriate suggestions, while in a
predictive system, the user is not involved in the decision making process and is
therefore unable to prevent inappropriate dnanges from taking place.

USA informs the gpropriate comporents of TOMTEN of the user’s dedsion to make
the gopropriate dhanges (5 & 6).

31 Features of the TOMTEN Framework

The novel features of the TOMTEN framework are;

« We provide a omplete framework that suppats application adaptivity,
configurable protocols and QoS. We do nd know of any other framework that
attempts to addressall these isaues.

» TOMTEN de-coudes QoS management and application adaptation by separating
the functionality into USA and PRIMATE respectively.

» We propocse the use of a readive QoS manager - USA — that differs from other
QoS management models by not attempting to predict users perception d quality.

» Applicaion adaptation is made transparent to the gpplication wising PRIMATE and
BOOMERANG. Therefore, it is not necessary to customise eisting appli cations to
be used with TOMTEN.

« TOMTEN alows PRIMATE moduesto be developed by third party vendars. This
will alow for agreater variety of adaptation moduesto suit different environments
and mediato be developed.



* PRIMATE was designed to run in a distributed environment. This alows for
distributed processng of the goplication data & well as suppating split connedion
protocols as propased in [Bak95)].

» The framework is designed to suppat dynamic downloading of PRIMATES either
to thelocd or intermediate systems.

4. Prototype | mplementation and Experimental Results

As TOMTEN, alows all fina dedsionsto be made by the user, it eases the precision
required in the suggestions it makes. Therefore, the development of a working
prototype implementation & TOMTEN was considerably simpler that other QoS
schemes. This sdion dscusses the development and testing of a prototype
implementation & TOMTEN. We will firstly discusshow the different componrents of
TOMTEN were implemented before explaining experiments condiwcted with an
MPEG applicationand aweb browser application.

4.1  Prototypelmplementation of TOMTEN

The prototype implementation & TOMTEN was developed onthe Linux platform.
We have aurrently implemented prototypes of the USA, PRIMATE and Boomerang
comporents of TOMTEN. The implementation architecture of TOMTEN is shown in
Figure 4. The network switch is currently emulated by dynamicdly changing the
routing table. Although this method has ome inherent limitations, it is sufficient for
conduwcting ealy performance measurements.

Our basic network architedure is snown in Figure 7. It consists of a mobile wmputer
that is conneded to a base station through three different interfaces — a 10 Mbps
Ethernet, a 2 Mbps Wavelan and a 9600 b GSM link. The GSM link is smulated
using afixed seria link between the mohil e host and the base station.

N
U

Ethernet (10Mbps)

|:|D —= [
I N | _.‘ ; I-D= _.‘ I '-D=
— .|||||III|||||||HII —
g@;
Wavelan (2Mbps)

Intermediate host Corresponding Host

Local host

_,41/_

GSM (9600bps)
Figure7 TOMTEN Implementation Testbed

USA has been implemented primarily using the JAVA language. Although the
network probes were implemented in C for performancereasons.

The network probes operate by transferring a block of data from the locd host to the
intermediate host. The network probes are arrently very simple and allow us to
determine which is the most suitable link. Currently a Linux spedfic system cdl is
made in arder to bind the gplicaion to a given interface to guaranteethat transfers
only take placeon that interface They currently record the avail able bandwidth, the
roundtrip time and padket lossfor these short transfers. Different size transfers are
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dore for each o the networks to take into consideration the maximum bandwidth and
all transfers are bourded by a maximum delay. It is our intention within the TOMTEN
framework that the probing only takes place when the user indicaes dissatisfactionin
order to save on ower-head traffic. Hence, it isimportant that the monitoring processis
completed within ressonable time to prevent delays in the resporsiveness of
TOMTEN. Theimplications of thiswill be further investigated.

The PRIMATES have been developed in C dthough we are planning to pat them to
JAVA to introduce platform independence and code portability. The PRIMATES use
sockets to communicate with USA. We discussthe implementation o the PRIMATES
in detail i n the foll owing sedions.

Boomerang has been implemented as a modue within the Linux kernel at the socket
layer. It deteds socket cals made by the goplicaion, and redireds them to a spedfied
PRIMATE port. USA and PRIMATEs use alibrary of system function cals to
communicae with Boomerang. We are considering developing Boomerang as a
dynamically link library which will be called instead o the system socket libraries.
This will not require modifications to the kernel and will make Boomerang easier to
port between dfferent platforms.

4.2  MPEG Player Application

The primary am of this prototype implementation & TOMTEN was to verify the
feasibility of the framework and to evauate the overheal it introduces. The
applicaion we used to evaluate the overhead introduced by the framework was a
MPEG player. This MPEG player is based onthe MPEG-1 standard that only includes
video sequences. It was the dtribute of the MPEG standard, to define frames of
different levels of detail (I, P and B frames), that allowed us to customise the MPEG
player to provide varying levels of quality to the user [Ra09€§.

To suppat adaptivity for this MPEG player, we used an automaticdly generated
tail ored protocol between the local and remote PRIMATES. The tail ored protocol was
generated using an automated communicdion potocol generation model called
PNUT (Protocols configured for Network and User Transmisson). PNUT allows the
use of multi ple data dhannels, each suppating their own protocol. PNUT manages the
data dhannels using out-of-band signalling on a control channel. Further detail s about
PNUT can be foundin [Des9§]

The MPEG player uses three data dhannels to transfer the different frame types as
shown in Figure 8. The channel containing the I-frames is always uses a reliable
protocol (i.e. ordered and error free) as these frames are compulsory for the MPEG
applicaion to corredly interpret the data By defining the protocols used on the
remaining P and B channels, we ae aleto determine the level of detail viewed by the
user.

Currently our MPEG PRIMATE has three levels of service— a Full service, a Partial
service and a Filtered service The Full service defines all three dchannels to be
reliable, therefore guaranteeng that all the frames will be delivered and viewed. The
Partial servicedefines the latter two channelsto urreliable (i.e. unadered and noerror
recvery). Using the Partial service, if the network is congested or the gplicdion is
sow processng the MPEG clip, P and B frames will be lost, reducing the level of
detail viewed by the user. This level of service provides partial ordering and partial
reliabili ty as discussed in [Dia94]. The Filtered service defines the latter two channels
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to be filtered (i.e. data dropped at the source). This provides a low quality video
consisting of just I-frames.

Our testbed consisted of three PCs (a 486 and two Pentiums) running Linux 2.0.33
and connected through a dedicated Ethernet network. The MPEG Player was based on
the Berkeley Player [Ber96] extended into a client-server application. As shown in
Figure 8, the loca PRIMATE and the MPEG Client coexisted on the local end-
system. The MPEG Server was on a remote end-system while the remote PRIMATE
ran on an intermediate system. The remote PRIMATE could aso have run on the
remote end-system but in these experiments by placing it at an intermediate system,
we were aso able to provide indirect protocol services as shown by [Bak95].

TCP PNUT TCP
|-Frames
Mpeg Adapted Local ————— Remote Mpeg Mpeg

Client Mpeg File | PRIMATE — 1 PRIMATE File Server
B-Frames
| | .
Local End Intermediate Remote End
System System System

Figure 8 MPEG Application made Adaptive

The following measurements were taken for an MPEG file (consisting of 161 I-
frames, 160 P-frames and 639 B-frames) firstly using a direct connection from the
MPEG client to the server without using TOMTEN and secondly using TOMTEN
with MPEG PRIMATEs. The results of these measurements are shown in the table
below.

Framerate | Play out Time | Frames Processed
(fps) (seconds) Total
Direct
Connection
full video 124 77.23 960/960
(1,P,B)
TOMTEN
Full video 12.3 77.75 960/960
(1 + P+ B)
Partial video 124 67.25 832/960
(1+B?+P?)
Filtered video 3.6 45.63 162/960
0]

By comparing the times of the full video play-out when using the direct connection
and with the use of TOMTEN, we able to show that the overhead introduced by the
PRIMATEs are insignificant. Furthermore the differences between the play-out times
and the number of frames processed in the three different service levels illustrate that
TOMTEN was able to modify the content of the MPEG stream and hence the
perceived quality to the user.
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43  Web browser Application

One of the most commonly used Internet applications, today, is the web browser. We
therefore decided to develop PRIMATES to alow application adaptation to be
introduced into web browsers.

The Web PRIMATE processes the images that the browser receives, similar to the
work conducted by [Fox96]. The processing of the images are conducted on the
intermediate system as shown in Figure 9. Currently the Web PRIMATE modifies
JPEG and GIF images and is capable of reducing the number of colours in the image
or by converting it into greyscale. The Web PRIMATE currently does not attempt to
resize the pictures as done in [Fox96].

TCP CP TCP
Netscape dified Local dified Remote Hit
Web Modifie WWW Modifie WWW Image p

Image Image File Server

Browser PRIMATE PRIMATE
| |
Local End Intermediate Remote End
System System System

Figure 9 Web Browser Application made Adaptive

When the web browser requests a file, the socket call is intercepted by Boomerang
and transferred to the local Web PRIMATE. The Web PRIMATE then relays the
reguest to the Remote Web Primate. With the Web PRIMATEs, the main processing
is done at the Remote PRIMATE and the local PRIMATE mainly servers as arelay.
The Remote PRIMATE requests the HTML file from the HTTP server and checks the
stream header to detect if it contains an image. If the image is not found or the stream
is unrecognised, it is alowed to pass without modifications. If an image is detected
and the PRIMATE has been requested to reduce the incoming image size then the file
is saved locally. Currently the remote PRIMATE does not process the image stream,
rather it downloads the entire file and uses image processing tools to reduce the size
of the image. The modified image is then sent to the local PRIMATE who relays it to
the Web browser to display.

As it can be seen from this example, it is not necessary to modify the Web browser or
the HTTP server. Furthermore, the Web PRIMATE can be used with any web
browser.

Asthe Web PRIMATE, receives the entire image file, processes it and then forwards
it on to the Web browser, there is an overhead associated with the Web PRIMATE.
This overhead is related to the cost of downloading the file, which is dependent on the
size of the file and speed of the link between the Remote PRIMATE and the HTTP
server. Then there is an additiona overhead for processing the image. These
overheads are countered depending on the speed of the link from the intermediate host
to the local host and the amount the image size is reduced. Therefore, the benefit of
using this Web PRIMATE occurs when there is a slow link between the local and
intermediate hosts and the faster connections from the intermediate host to the remote
host.
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We onducted experiments by running aweb browser using the GSM link (9600 bs)
of our experimental test-bed to measure the benefits of using the Web PRIMATE. We
used the Netscape Web Browser 4.04 for our experiments. Firstly, we measured the
time it took from when the request was received from the web browser until it was
completed. This time included the transfer from the HTTP server, the processang of
the image file and the transfer from the Remote PRIMATE. We dso separately
measured the times on the Remote PRIMATE to record how long it took to receive
thefile from the HTTP server and the time to processit.

Two full colour images were transferred — a GIF and a JPEG. Colour reduction
processng and grey-scale processng were dore for both images. During the
experiments we tried to limit the image processng so that the resultant image was 4ill
clealy recognisable as areduced quality version d the original. The results are shown
in the table below.

Image Size Total Time Procesdng Time

GIF Image http://sili coneeuts.edu.au:81limages/operal.gif

Normal 60,624bytes 78.55secs None
Reduced Colours 19,377bytes 23.34secs 2.058secs
(67% reduction) (70% reduction)
Greyscale 16,059bytes 19.78secs 1.739secs

(73% reduction) (74% reduction)

JPEG Image http://sili con eeuts.edu.au:81/images/opera.jpg

Normal 17428bytes 19.50secs None
Reduced Colours 8036bytes 10.26secs 0.338secs
(53% reduction) (47% reduction)
Greyscale 6912bytes 9.15secs 0.267secs

(60% reduction) (53% reduction)

The results show that great improvements are possble by using the Web primate on a
slow link. These benefits will be reduced when using higher speed links sncethe size
reduction techniques currently used where very simple. Further reductions could
easily be adieved by scaling down the large pictures as s1own in [Fox96].

14




5. Future Work

This paper has not gone into detail on hav the interactions with the intermediate
system will be conducted. This includes the issue on hav TOMTEN will chocse an
intermediate system. Other iswes that invove the intermediate system are how we
can dynamically transfer and run aur PRIMATES on them.

As mentioned in Sedion 0, we ae studying how we can provide routing in an
environment with multi ple networks and which has to suppat mohility. We would
also want to route traffic on an application basis rather than simply on the destination.

Finally as the user interadion is currently such and important part of the TOMTEN
framework, we need to conduct further studies on the development of the GUI
through which they communicate with TOMTEN.

6. Related Work

The only research similar to TOMTEN that we aurrently know abou is the work
propacsed by [Nob9§. Although their work does nat suppat configurable protocols,
the use of intermediate systems or downloadable proxies. Furthermore, their QoS
management schemeis predictive & oppased to USA that isreadive.

7. Conclusions

In this paper, we have introduced TOMTEN, a framework for managing resources in
order to provide a user with QoS management. The essential characteristics of
TOMTEN are:

e Itisuser controlled. TOMTEN does nat attempt to predict the user’s perception o
quality. It is only adivated when the user wants to start an applicaion a shows
dissatisfadion with an orgoing sesson.

« TOMTEN suppats applicaion adaptation withou requiring any changes to the
applicaion.

* |t de-coupes QoS management from appli caion adaptivity.

We have shown through the development of the prototype implementation o
TOMTEN, that it is feasible and easy to redise. We have dso shown through the
development of two PRIMATEs for MPEG Player applicaions and Web browser
applicaionsthat we aleto transparently provide gpli cation adaptation.
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