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Abstract—The ability of a web service to provide low-latency access to
its contents is constrained by available network bandwidth. It is impor-
tant for the service to manage available bandwidth wisely. While provid-
ing differentiated quality of service (QoS) is typically enforced through
network mechanisms, in this paper we introduce a robust mechanism for
managing network resources at the application level. We use transcoding
to allow web servers to customize the size of objects constituting a web
page, and hence the bandwidth consumed by that page, by dynamically
varying the size of multimedia objects on a per-client basis. We leverage
earlier work on characterizing quality versus size tradeoffs in transcoding
JPEG images to dynamically determine the quality and size of the object
to transmit. We evaluate the performance benefits of incorporating this
information in a series of bandwidth management policies. We develop
metrics to measure the performance of our system. We use realistic work-
loads and access scenarios to drive our system.

The principal contribution of this work is the demonstration that it is
possible to use informed transcoding techniques to provide differentiated
service and to dynamically allocate available bandwidth among different
client classes, while delivering a high degree of information content (qual-
ity factor) for all clients.

Keywords— Quality Aware Transcoding, Differentiated Web Service,
Quiality of Service

I. INTRODUCTION

that maintain web pages on behalf of their customers. These
hosting services charge their customers based on the size of the
web site and the aggregate consumed bandwidth. One of the
problems encountered by web hosting services is that “flash
users” in another web site hosted by the same hosting service
can degrade the performance for all the other locally hosted
sites. Current web hosting services use a laissez-faire approach
in managing their bandwidth. However, customers of these
hosting services will demand performance guarantees, effec-
tively forcing the servers to provide differentiated services.

In such a scenario, differentiated service can allow the sys-
tem to provide better service for certain customers, based on
their status and the current network environment. Differenti-
ated service enables:

o Web services to dynamically allocate the available band-
width among different user classes,

« Subscription services to provide different versions of con-
tents to clients based on customer status (subscriber versus
non-subscriber),

« Web hosting services to share their bandwidth for different

THE web is emerging as the primary data disseminatioplasses of hosted clients,

mechanism for a variety of applications. A primary goak E-commerce sites to allocate their bandwidth to customers
of aweb service is to provide low latency access to its contentgho are making a sale, and

However, during times of high demand, this goal is compro= Flexibility to redirect unused preferred resources to non-

mised by locally available network bandwidth.

preferred customers.

Caching at web proxies is one traditional technique to ad- By some estimates [2], about 77% of the data bytes accessed

dress bandwidth limitations by replicating objects.

How-across the web are from multimedia objects such as images,

ever, much web content is dynamically generated (maps, stogidio and video clips. Of these, 67% of the data are transferred
charts, etc.) or un-cacheable (sites selling access to imagedarimages. Hence, we focus our attention on image data.
movies). With the availability of low cost commodity compute Our approach to providing differentiated QoS is to transmit
servers, the network costs far outweigh the cost of other comariations of the same multimedia object at different sizes, al-
puting resources designed to consume such bandwidth. Welwving some control over the amount of bandwidth consumed
services do not want to add expensive bandwidth without clear transmitting a page to a particular client. The key insight
policies to allocate the bandwidth. Hence, we focus our attebehind our work is that allocation of critical network resources
tion on differentiated allocation of network bandwidth. can be done dynamically at the application level in response to
The following important trends illustrate the need for a difclient access patterns.
ferentiated QoS system: The feasibility of our differentiated service scheme depends
E-commerce: E-commerce and subscription based service® the availability of a range of variations for the content so
such as Proflowers and ESPN want to prioritize their corihat the server can choose the correct variation for the current
sumers based on their subscription status, prior access histogtwork operating environment. While the content provider
and their current status (e.g., a customer with a purchasing hign manually provide a number of different variations for use
tory or one with a full shopping cart). To retain their payingdy the system, an automatic technique allows the system to
customers, these sites need to maintain better QoS for the pignamically adapt to variability in network performance and
ferred customers. In order to convince new users to subscrilgient characteristics.
these sites need to provide quality teaser objects. We use transcoding to dynamically create variations of the
Web hosting: As the complexity of maintaining a web site same multimedia object. Transcoding is a transformation that
increases, there is a trend towards hosting services (e.g., [Eused to converta multimedia object from one form to another
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(frequently trading off object fidelity for size). By their very object to the characteristics of the display device. Images have
nature, multimedia objects are amenable to soft access througgen transcoded to thumb-nails, gray-scale, progressive for-
a quality-versus-size tradeoff. mats as well as transcoded to textual information. For exam-

For transcoding to provide the degree of control needed file, full color JPEG images are transcoded to a bitmap form to
deliver differentiated service, we need to understand its inhereduce latency for modem users [7]. Our focus is on transcod-
ent tradeoff characteristics: the information quality loss, thing to reduce bandwidth requirements on the server. Very little
computational overhead required in computing the transcodit¢prk has been done in determining the level of transcoding
and the potential benefits of reduced bandwidth requiremenggeded to be effective at bandwidth reduction and in quantify-
To illustrate for one specific case, our earlier work [3] charing the actual information loss and computational characteris-
acterized the information quality tradeoffs, the computationdics of those transcoding operations.
requirements and the potential size reductions for transcodingdn our companion work [5], we analyzed the transcoding
that change the JPEG [4] compression metric. In our compagharacteristics of web images and showed that changing the
ion work [5], we analyzed the transcoding characteristics gfompression metric of a JPEG image is a promising transcod-
web images and showed that changing the compression meirig for JPEG images accessed on the web. Hence, we char-
of a JPEG image is a promising transcoding for JPEG imagesterized the tradeoffs inherent to a transcoding that changed
accessed on the web. a JPEG compression metric, such as the JPEG Quiality factor

In this paper, we shift our attention to server performancé3]. Reconstructing the original Quality factor that used to pro-
We explore the potential benefits and overhead in providirdi/ce the image is necessary so loss in quality becomes mean-
differentiated service for different classes of users and befgful. Using the quantization tables stored in the JFIF [8]
ter utilization of the scarce network resources available to tHteaders, we developed an algorithm to predict the Independent
server by performing informed transcoding. This implies seWdPEG Group’s (1JG) [9] equivalent of the JPEG Quality factor
eral sub-problems: the first problem is to precisely define tHer images compressed using popular JPEG compressors from
performance metrics that can measure the performance of dd&, Adobe Photoshop and Paint Shop Pro. We utilized results
system. Next, we need to identify realistic access scenarios a$ftPwing that the information quality loss directly corresponds
workloads so that the results are valid for a range of scenarid8.the change in the JPEG Quiality factor [10], [11].

Our system will be successful if it can perform adequately for Next, we characterized the computational overhead and the
our metrics under realistic scenarios. expected change in image size for a particular transcoding. We

Towards this end, we develop metrics to measure our sy&owed that the computational requirements for a transcoding
tem performance. We use realistic workloads gleaned frofiat changes the JPEG Quality factor do not depend on the ac-
popular web sites to drive a modified Apache web server [6jual Quality factor change, but on the sum of Minimum Code
While we use adjusting the JPEG compression metric as thtit (MCU) block counts for all the different color space com-
informed transcoding technique in this paper, we believe thRPnents. We showed that this transcoding can be performed
our results are equally valid for any transcoding with well unentirely in the frequency domain, avoiding computationally ex-
derstood tradeoff characteristics. pensive Fourier (FFT) transformations.

The principal contribution of this work is the demonstration Ve also developed a heuristic to predict if an image will
that an application-level technique, informed transcoding, cdfanscode efficiently, wherein it loses more in size than in im-
provide efficient and dynamic differentiated service. We shod€ quality. We empirically showed that images with high
how a web server can dynamically allocate available banGQfo_'C_'e_ntS for low fre_quency components as well as images
width among different client classes, while delivering a higifith initial JPEG Quality factor greater than 80 can transcode
degree of information content (Quality factor) for all clientsimages efficiently at a significantly better percentage than the
Our results make it possible for a heavily loaded web server RS€ case of all the images.
selectively reduce the information Quality factor of its multi- 1hese previous results are the enabling technology for our
media images without resorting to ad-hoc service denials. research effort.

The rest of the paper is organized as follows: Section Il re-
views our previous work as the necessary background. Section
Il outlines the experiment objectives and design constraintd, Objectives

the system architecture, the workload used and implementation,, experiments are designed to answer the following ques-
details of our system. The experimental results are describgg,s-

in Section IV. Section V places our work in context to other £, 5 \yep service offering differentiated service, can quality

related work with conclusions and future work in Section VI. 5\ . - transcoding allow the web service to better manage its

available bandwidth?

« For a web server offering differentiated service, can quality
Qua“ty aware transcoding isthe enab"ng techno]ogy for oigware tranSCOding allow the web service to prOVide differential

research. Transcoding operations are often performed to fit 8@rvice for preferred and ordinary clients?

Ill. EXPERIMENT OBJECTIVES ANDDESIGN

Il. BACKGROUND: QUALITY AWARE TRANSCODING
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( \ « Traditional: First, we analyze the performance of the base

ity requests. For our experiments, we use the Apache

4 N\ mod_bandwidth module to restrict the bandwidth consump-

Client tion.

« Denial: Next, we analyze the performance of a bandwidth

management scheme that temporarily denies requests under

Fig. 1. System Architecture heavily loaded conditions. The users are expected to defer

attempting to access these denied resources until the server
becomes less loaded. For our experiments, we modify the

B. System Architecture Apache Web server to return the HTTP [12] error code “503:

The system that we envision is described in Fig. 1. The We?)erwce Unavailable” to deny requests during heaving loaded

. . ) . ) onditions.
server uses transcoding to provide differentiated service. TheTranscoding'Finally we analyze the performance of a web

. . . . . . LJ
Franscodmg r?quwe((ji to provuéetr(]j|ﬁerer1|;tlatelc:(tzlhse{V|ce foastatgervice that offers differentiated web service by transcoding an
Images IS pertormed once and he resuts ot the transcoding ge to a number of variations. The choice of the number of

cag:hed for reuse. Even though the tran_s_codmg ad_ds a CoMPUiationsis a compromise between fine control of object sizes
tational and storage overhea_ld, as q‘.’af‘“f'ed by [3],.|n this stu d storage requirements to store the variants. A goal in image
we are mostly concerned with the limited, expensive networ, anscoding is to ensure that that any loss in image quality is
bandwidth to the Web server. efficient defined as a transcoding that loses at least as much in
image size as the loss in image information quality [3].

= Client Web service without any bandwidth control mechanisms. For
= \ ) our experiments, we use the unmodified Apache Web server
, 3 8 for the base case.
Transcoding = .
Web Service | W< e ™ « Modbandwidth: Next, we analyze the performance of
offering Client a bandwidth limiting web service that prioritizes the net-
Differentiated e i H ; i
Sorvice s work packets, delaying packets associated with low prior
- —
e
8
]

C. Performance Measures

The goal of a web server that offers differentiated servick. Experimental Workload

is to serve as many users as possible at sufficiently attractiveryq effectiveness of our study depends on the realism of the
levels of quality and latency to gain and retain their businesg,,yjoad presented to the system under test which includes the

The chief constraint to the ability to serve many users is the,, ests as well as the JPEG images that are used as targets of
limited net bandwidth available to the wide area network. We{%e requests. The requests should capture the behavior of a

servers are typically served by multiple T1, T3 or LAN links. vy ica) " heavily loaded web service. The kind of web server

In such an operating environment, the following measurgfat we envision has access to high quality images that can be
capture the performance of a web server. automatically transcoded by the server.
« Bandwidth ConsumedBandwidth control is the primary  |n order to generate such realistic requests, we need to first
constraint for our research. The goal is to maintain the banglevelop the access trace to the web service. Then, we need to
width consumed within pre-defined levels, regardless of thgevelop the JPEG images that are the targets of these requests.
Web traffic. Next, we need to develop ways of generating requests from
« Image Quality Factor Since transcoding trades off im- preferred customers, so that the system can provide differenti-
age information quality for size, the Quality factor of imagegted service.
served gives an indication of the quality tradeoff. The goal is
to maintain as much information quality as possible, withinthe.1 Access Traces
constraints of the available network bandwidth.
« Client Access latencyClient experience not only depends
on the information quality factor, but also on the latency of a

The realism of our experiments depends on the accuracy
with which we can model typical client accesses to a popu-

cessing the images. Using results from human factors researc;, web server. We need a client access trace that captures the

we use ten seconds as the threshold on acceptable client G4t reqye_st arrival times so that we can compare our Sys-
gm to existing approaches. Unfortunately, popular web sites

tency. Lower latency is important for e-commerce sites tha! ) . . ) .
want to attract customers. consider this access |nforrr_1at|on proprietary and hence do not
want to share this information.

Hence, we develop a synthetic access trace to closely ap-
proximate observable access patterns. We sample the accesses
For our experiments, we explore the following policy alterto popular web servers by analyzing accesses made via the

natives for bandwidth control. NLANR [13] proxy caches. For our experiments, we ana-

D. Web Service Policies
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width and to provide differentiated quality of service through
" ' ' ' ' transcoding.

For the JPEG images in our collection, we plot the cumula-
tive distribution of the image size and the original JPEG Qual-
ity factor in Fig. 3. From Fig. 3(a), we note that the images
are of high quality, 60% of the images have JPEG Quiality fac-
tor higher than 70. From Fig. 3(b), we note that 40% of the
images are bigger than 10 KB.

In our system, the images are transcoded by the server to
a number of images of different Quality factor values. Next
1 we perform experiments to measure the number of variations
possible for the images in our workload.
1 For the images in our workload, we transcode the images
1 to a percentage of the original Quality factor and measure the
) 2 percentage of images that transcode efficiently. Recall that an
efficient transcoding loses no more in quality factor than in size
Fig. 2. Accesses to geocities.com via IRCache @ Boulder, CO (Mar 23, 199 s a percentage of thQ or[glnal value of each parameter) [3].
he results are plotted in Fig. 3(c).

From Fig. 3(c), we note that there is a significant drop in
lyzed the proxy traces collected on March 23, 1999 from théie percentage of images that transcode efficiently when the
NLANR proxy at NCAR and NCSA. NCAR predominantly images are transcoded to a Quality factor of 30% or less of the
serves the .com US domain and NCSA serves .net, .edu amiginal image Quality factor. Hence, for our experiments, we
.org US domains. For our experiments we use the accessesgranscode the original images to Quality factor values of 90%,
geocities.com, which was ranked among the top ten populd®%, 70%, 60%, 50%, 40% and 30% of the original image
Web sites by Nielsen Netrankings [14]. Quality factor. For our workload, the transcode cache takes

The number of accesses to geocities.com, via the NLANRE5 MBs, a nominal amount of storage by today’s standards.
proxy, measured in 5 minute intervals, is plotted in Fig. 2. We
measured an average traffic of 0.2 accesses/sec. From FigE8 Client Classes
we note that the accesses show wide variability within shortin- The next workload parameter we consider involves devel-
tervals of time. We noted similar spikes in all the other populggping ways to generate accesses from different client classes.
web sites accessed through the NLANR proxy. For our experiments, we modify http_load to generate a con-

However, over a 24 hour period, the accesses show an ovR§urable percentage of requests from different client classes.
all trend of higher accesses during evening hours and lowghe http_load informs the server about the class that a request
accesses during early morning hours. Earlier work [15] identbebngs to using custom HTTP headers.
fies similar hourly variations.

We use these sampled accesses to model a synthetic ac¢esisnplementation Details
trace for our work. Based on the characteristics in Fig. 2,

our trace changes its access rate every 30 seconds to modézlOr our experiments, we used a 450 MHz Pentium-lil on
9 y n Asus P2B motherboard with an Intel 440BX chipset, with

the diurnal influence on access rates. For the experiments §i2 MB of main memory, running FreeBSD 4.0. We recon-

scribed in Section IV, we scale our access trace to approxi- .
mately 12,500 seconds (3.5 hours). )flgured the FreeBSD kernel with morebufs to handle the

higher network loads. The image collections and the server’s
internal transcoded images were downloaded from the origi-
nal web servers and stored on two separate, dedicated 21 GB

The next parameter of our workload is the composition dBM DeskStar 22GXP drives on separate Promise Ultra/33
the collection of actual JPEG images that are served for reBE channels.
quests to the web service. Web Server. We modified the Apache Server [6] to offer

In keeping with the e-commerce thrust of our work, walifferentiated service by choosing a number of transcoded im-
used 3531 JPEG images totaling 38 MB, downloaded frorge variants. We used the Independent JPEG Group’s [9] JPEG
BMW.com, Proflowers.com and Starwars.com. Each of the alibrary, along with the transcoding algorithm described in [3]
cesses in our synthetic trace (described in the Section IlI-E.t) generate variations of the images. We modified Apache
is assumed to to a random element within this image set. Veerver to keep track of the current bandwidth utilization for
are currently investigating more realistic models for web pagie different user classes. Since the request pattern and hence
contents and structure. However, the results presented in thi® bandwidth consumption is bursty, the server computes the
paper validate a web server’s ability to control consumed banHandwidth trend by averaging over the past 30 minute inter-
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val. The server implements tiganscodingnechanism as fol-
lows: If the average consumed bandwidth for the past half hour
(measured every second) is more than the target bandwidth, the
server serves proportionately lower quality variations of im-
ages. However when the consumed bandwidth exceeds twice
the target bandwidth, the server denies further requests.

Client: We used http_load [16] to simulate accesses from
clients using slow networks. http_load is a multi-processing
http test client. We modified http_load so that it can compute
the individual access latencies. We also modified http_load so
that it can play back the client access traces generated from the
NLANR proxy traces, as described in Section IlI-E.1.
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100
IV. RESULTS w0l |
A. Bandwidth Control
s
First we analyze the ability of a web service to manage its *[ ]
. . . . . 7
bandwidth consumption using quality aware transcoding. 3

The raw access traces that we had collected from thg .« wox
NLANR proxies represent a fraction of the actual accesses to
the web site. In order to simulate a realistic workload, we need
to scale these traces to match the accesses to the actual server

Using the reach measures from Nielsen’s Netratings [14], we ’ ’ Déﬁ;oggj
estimated the average access rate to geocities.com at 154 ac-_ ‘ _ea ‘ | Teaingie -
cesses per second. We empirically measured thaMibe:- S
bandwidthscheme cannot handle such loads because of the

buildup of kernel buffer space as packets are delayed. Thus, (c) Image Quality factor

for our experiments, we scale the number of raw accesses per

time interval by a factor of thirty to generate a sufficiently deFig. 6. Differentiated Service (Preferred Clients=20%, Reserved Band-
width=400 KB/s, Target Bandwidth=1 MB/s)
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manding reference access stream. We measured the averagdle conclude thaflranscodingprovides useful bandwidth
access rate for our traces at 5.7 accesses/second. We simulatedrol by gracefully degrading image Quality factors. We
a web service that targets the bandwidth consumed to be 206te thatTranscodingdoes not control bandwidth effectively
KB/s. We measured the average bandwidth demanded by thisthe presence of flash crowds and if there is a wide differ-
trace at 365 KB/s. ential between target and requested bandwidirenial and
We plot the bandwidth consumed by the server, for the vaModbandwidthcontrol their bandwidth consumption by (un-
ious service policies in Fig. 4. Fig. 4(a) plots the cumulativacceptably) denying service for a large portion of the images.
distribution of the bandwidth consumed and Fig. 4(b) plots
the bandwidth consumption with experiment time (smoothed. Differentiated Web Service

using a bezier function). Next lvze the ability of the bandwidth ;
From 4(a), we note thafraditional overshoots the target ext, we analyze the ability of the bandwidth managements

bandwidth 65% of the time, whilslodbandwidthDenial and schemes to dynamically provide differentiated Web services to

Transcodingvershoot the target bandwidth 0%, 35% and 45(,}3re11ertr)?adl ctllent_s ' SmcMc:dbandmdtf;;qrfolr ms d\{_wth un&gc-
of the time, respectively. Odiranscodingandwidth manage- ceptable latencies, we only compare laland franscod-

ment algorithm reacts to average consumed bandwidth withid schemes. We measure the performance offtaditional
heme for reference.

the past half hour. Hence, the algorithm misses sudden bart: ) )
width spikes. We note that the percentage of egregious abuse N€ Transcodingscheme controls the consumed bandwidth
of bandwidth (over 600 KB) is lower fofranscodinghan with  [oF the different classes by proportionately reducing the image
the Traditional policy. qual|ty_unt|l the c_onsur_ned bandwidth equals tW|c_e the target
From 4(a), we note thaflodbandwidtrandDenial provides bandwidth, at which point further requests are denied. For pre-

the best control over bandwidth. However, as we demonstrdfgTed clients, the server reduces the image Quality factor of

below, this control comes at the cost of driving client latencie¥'® images served at a rate that is proportional to the overall

to unacceptable levels. Recall that Apache controls bandwidif9€t Pandwidth. For the rest of the clients, the server reduces
by delaying network bandwidth, increasing client latency anf'® image Quality factor of the images served at a rate that is
consuming additional kernel resources (mbufs). Fig. 4(b), ald§opPortional to the left over bandwidth. _

highlights theTranscodingscheme’s inability to adequately re-  TheDenialscheme manages bandwidth by serving a HTTP
spond to flash crowds. For example, franscodingscheme 9503 error code when the consumed bandwidth overshoots the
takes some time to respond to the flash crowds at time=26y9€t bandwidth. The scheme does not deny service to pre-
seconds. This delay forces tieanscodingo consume up to ferred cller_lts if the bandwidth consumption does not exceed
400 KB/s. Also, when the target bandwidth is smaller thaf€ bandwidth allocated for preferred clients.

the requested bandwidth, (time=7000 seconds)Ttaescod- ~ Since we do not perform experiments using Medband-

ing scheme consumes as much as 400 KB/s because of dithscheme, we are able to scale the number of raw accesses
high bandwidth differential. This limitation is largely a resultPer time interval by a factor of 150 to generate the reference
of the smoothing function we employ to filter out short ternmccess stream for this set of experiments. We measured the
bursts in client accesses. We are currently investigating altéverage access rate for our traces at 28.6 accesses/second. We
nate functions that respond more quickly to sustained burgi§nulated a web service that targets the bandwidth consumed
while filtering short-term effects. to be 1 MB/s. We measured the average bandwidth demanded

Next, we measure the performance of the system using th¥ this trace at 1.5 MB/s. To provide differentiated service,
server latencies and Quality factor of the images served to tié configured thédenial and Transcodingschemes to allo-
clients. Fig. 5(a) and Fig. 5(b) plot the Quality factor of thecate 40% of their available bandwidth for the preferred clients.
images and server latencies as cumulative distributions resp¥¥e configured 20% of the clients to be preferred clients. The
tively. Denied requests are marked with a infinite service ldest client notifies the server of the request class using custom
tency and Quality factor of 0. HTTP headers.

From 5(a), we note thatlodbandwidthdenies over 65%  The results are plotted in Fig. 6. Fig. 6(a), plots the
of the requests. As the heavily loaded server tries to mahandwidth consumed by the server as a cumulative distribution
age bandwidth by delaying network packets, the number @fhile Fig. 6(b) plots the bandwidth consumed with experiment
open network connections increases leading to service derigihe. Fig. 6(c) plots the cumulative distribution of the average
for newer client request®enial scheme denies about 50% ofQuality factor of the images served. Throughout the experi-
the requests. On the other hand, Tnanscodingpolicy grace- ments, we measured the service latency to be under a second
fully degrades the Quality factor for the images served. for images served (i.e., when not denied) for the various user

From 5(b), we note that the service latencies are quite highasses.
for the Modbandwidthscheme; 90% of the requests take ten From Fig. 6(a), we note that tHeenial and Transcoding
seconds or more to service. Images servediragitional, De-  provide bandwidth control for the different client classes. For
nial (those not denied) antranscodingtake less than a sec- the preferred clients in thBenial and Transcodingschemes,
ond. The x axis is plotted using a logarithmic scale. 90% and 65% of the preferred clients consume less than 400
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KBI/s. multimedia objects, per-packet delays may have an exagger-
Fig. 6(b), shows the results with experiment time for refated impact on latency. Almeida et al. [26] describe a system
erence. Since the target bandwidth is closer to the maximutimat uses a priority-based system to schedule the priority web
bandwidth, the system has better latitude in managing its bargkrvices to offer differentiated levels of service for web host-
width and hence better handles the heavy load (at time=450® services. Pandey et al. [27] describe a web server that al-
seconds). lows for setting priorities among page requests and allocating
From Fig. 6(c), we note thddenial scheme denies service server resources to enforce QoS constraints. Banga et al. [28]
for 40% of the preferred and general clients. With increasegdescribe a system that uses resource containers for providing
server load, th®enial scheme does not have latitude in manservices based on the end-to-end resource container. Eggert et
aging differentiated service. We speculate that a better alterred- [29] describe a web service that uses mechanisms such as
tive for providing differentiated service would be to completelylimiting process pool size, lowering process priorities and lim-
deny service to non-preferred clients. iting transmission rate to provide different levels of service.
However,Transcodingorovides graceful degradation of im- Banatre et al. [30] describe a system that uses profile-based
age Quality factors with the preferred clients served at Quali predictive pre-fetching policy to improve response times for
factors that closely follow the original images. Non-preferredielated profiles. These priority based systems increase the ac-
clients are served at a lower image Quality factor. cess latency for lower priority clients at the expense of higher
Hence we conclude that for a service offering differentipriority clients, potentially leading to unacceptable delays for
ated Quality of servicelranscodingprovides images of better low priority clients.
Quality factors to the preferred clients while degrading grace- Commercial systems such as WebQoS [31] from HP pro-
fully for non-preferred clientsDenial could not provide dif- vides quality of service on the Web by using priority levels to
ferentiated QoS without completely denying accesses to notletermine admission priority and performance-level. WebQoS

preferred clients. uses parameters such as source IP address, destination IP ad-
dress, URL, port number, hostname and IP type-of-service to
V. RELATED WORK classify requests. The system uses these priorities in control-
A. Network Level QoS techniques ling the allocation of CPU and disk resources. Higher priority

requests are sent to servers running in separate ports that oper-

A number of research efforts focus on providing d|fferenéte under different system priorities. The system uses priorities

tiated service in the networking infrastructure. For examplg, delay or deny service to lower priority clients. Though this

the IETF working groups on Integrated Services [17], [18] and|icy jeads to predictable service for the preferred clients, the
Differentiated Services [19] have identified a number of iSSUg§,ver priority clients can be turned away unnecessarily.

in providing differentiated service at the network level. A num-
ber of systems [20], [21], [22] have used network level tech-
nigues to provide differentiated services for the Internet. Voge
et al. [23] present a survey of techniques used to provide qual-Edell et al. describe an alternative ISP system called INDEX

. Application Level QoS techniques

ity of service within distributed multimedia systems. [32] that offers differentiated quality of service. The users dy-
_ namically choose their level of network quality based on the
B. System Level QoS techniques resource cost. Our work adds another dimension to the users

At the system level, a number of systems attempt to pr@hoice_ by allowing the user to select a Iow_er quality multime-
vide differentiated quality of service for the web using prioritydia object on a slower (cheaper) network in order to improve
based schemes. The fundamental problem faced by a prioffi access latency.
based scheme is that lowering the delivery priority increases Traditionally Web services have used mirroring as a means
the access latencies for multimedia objects (as multimedia of§r addressing the problem of exploding web traffic by repli-
jects tend to be large). Traditional human factors resear@@ting objects closer to the end user. Vahdat et al. describe an
[24] has shown that the response time for accessing a resoufédive Name system [33] that solves the problem of locating
should be in the 1 to 10 second range for information to bé@e closest mirrors by downloading computations into the net-
useful. If the response time is longer than this range, the us&¥8rk infra-structure. A similar approach was used by systems
tend to lose interest and go on to other things. In a competitiICh as Active Caching [34] and Active Networks [35] to off-
world, any inaccuracy in prioritizing traffic can exacerbate théad computations into the network infrastructure to reduce the
access latencies, potentially turning away customers who wetetwork load on the end servers.
deemed less important. Commercial systems such as Footprint [36] and FreeFlow

Mod_bandwidth [25] is an Apache bandwidth manageme87] enable web sites to migrate their contents and route the
module that enforces per directory bandwidth limits based diser to the closest replica. Pricing for these services are based
a number of configurable parameters. Bandwidth usage is liran reserved and peak aggregate bandwidth.
ited by delaying packet delivery, with the side effect of in- Our work compliments these systems by allowing a web ser-
creasing client access latency. Because of the large sizesvife to manage its expensive network bandwidth consumption
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regardless of whether the object was served from the origire]

server or from replicas.
P [13]

VI. CONCLUSIONS AND FUTURE WORK [14]

In this paper, we explore a web service that uses inform&lﬂ
transcoding to manage its bandwidth consumption. We show
that transcoding can allow the server to manage its band®!
width without adding excessive latency or denying servicgi7
Transcoding also allows the web server to provide differen-
tiated service by allocating its bandwidth for different usaggs]
classes. We show that the service degrades the quality graget
fully for different user classes, while still managing overall
consumed bandwidth effectively. We are currently investigat-
ing techniques to allow web designers to specify the relativieo]
importance of various multimedia components of web pages,
e.g., to specify the relative importance of objects allowing the
server to choose the transcoding level intelligently on a pejz1]
object basis.
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