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Abstract

Proxy-basdtranscaling adags Web contert to be
abdter matchfor client capahbilities(su assaeen
sizeandcolor depth) and lasthop bardwidths Tra-
ditiond transmding breakstheendto-end model of
the Web, becausethe proxy does not know the se
martics of the contert. Server-direded trans@od-
ing preserves end-to-end semaitics while support-
ing aggressve content trangormations

We show how server-directal transcodng can be
integrated into the HTTP protocol ard into the im-
plemenaton of a proxy. We disciss severd use
ful trangormations for image content, and presert
measiremens of the peformane impact. Our
results demondrate tha serner-directa transmd
ing is a naturd extension to HTTP, canbe imple-
merted without grea comgexity, andcanprovide
good performance whencardully implemened

1 Introduction

Many website desgnersfaceadilemma:they mug
badance the richnessof the userexperience aganst
the limited bandwidth anduser interfacesof many
Webcliens. Mediacontent, e.g. imagescreat par-
ticular problems: large imagesincreag dovnload
times, and maybe hard to display on small screers.
Thelntemetis seeng growth not justin userswith
wideband access but also in people using portable
narrowbandclients with smdl displays

To avoid discauraging the latter use's, site desgn-
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ers often emgoy fewer, smaller, or lower-qudity
images than they would otherwise prefer. Even
SO, many usersencounte siteswith excessive im-
ae complexity, either becawse a thoughtful site
designer wasunwilling to unduly comgromise the
experience of well-conneded usess, or becaise a
thoughtless site desgner failed to corsider the im-
pact of imagesize.

Onecan cope with this mismatt beaweenconternt
ard capabllities by trans@ding content to a more
aporopriate represertation.  For exampke, images
can bereducedin size,croppedto eliminatedeails,
or convertedto monochrome. Trans@ding can pro-
vide the use with the esseantial information of the
origind content, without straining the client or net
work capahbilities

Trangoding is lossgy: while it preseves essertial
information, it removes (“distill s”) inesseantial or
urrendeabde informaton, in order to med goals
such as bandwidth reduction. A trarsaoding sys
tem mustmakeatradeoff betwean lossof detil and
lossof effeciveressat meding its goals Too little
distillation, andthe bardwidth costs(for exampl@
will still be prohibitive; too much distill ation, ard
the underlying messaeis lost.

Transoding is often done at a proxy. Proxy-
basal transmding, as we discuss in Sedion 1.1,
can improve performarce and scding. Tradtiond
trangoding proxies operate aubnomotsly; they
maketrans@ding dedsionsbasdon heuristics and
implicit informaton, such as the HTTP “Content
typ€' header Implicit informaton can be am-
biguous, so autonomous transmderscanmake bad
tradeoffs.



This probleminspired one of usto proposeserver-
direcied transmding, or SDT, in a previous pa
per [12]. In this approach, the origin serverpro-
vides explicit guidarce to the trarscading system
about whether and how to corvert between repre
sentations While autonomous trans@ding breaks
the end-to-endmodel of the Web, be@ausethe proxy
doesnat know the samantics of the cortert, SDT
preseves end-to-endsemanics. SDT aso sypports
more aggressive content trangormation than can
auonomaus trarscaling, becauwse there is no risk
of acddentdly eliminatingimportart cortent.

In this paper, we show how SDT canbe integrated
into the HTTP protocal, with acompdible and sim-
ple extendon. We presntthe architecture and im-
plemenation of aproxy systemthat sugoorts SDT,
usng a combination of mabile applets and native
code We discussseveral speci ¢, uselul trangfor-
mations for image content. Findly, we repat on
same simple experiments with our system, indud-
ing performarce measiremens.

1.1 Bene ts of proxy-basedtranscoding

One agument agairst proxy-based transoding is
that the origin sever could itself produceany nec
essay transodedreaults, avoiding the complexity
and risksof trangoding. This agumentasertstha
saverresaircesare plertiful, and tha server-based
trangoding providesthesameredLctionin last-haop
bandwidth requiremerts.

We see severd bere ts of proxy-basel transmd-
ing, deriving mosty from theincressead opportuni-
tiesfor proxy caching. Becausea proxy cancache
bath theoriginal ard trarscaded instances, geneat-
ing new transodings from the sane cade entry, it
can provide reponses to a wide variety of cliens
with only one acess to the origin sewer (see Fig-
ure 1). Proxy-basdtranscodng enables the proxy
cacheto do a better job.

Proxy-based transmding thus improves the long-
term saling of the Web, by shifting load from
origin savers and the core of the Interret to
easily-replicable proxies. Praxy-basedtranscodng
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Figure 1: Cachiny, transcoding proxy sewing multiple
client types.

alsoimprovesclient-perceived latency, by avoiding
round-trips to the origin server when transcodable
contentcanbe sevedfromthe cache

Prox-basd tramrscoding, even without proxy
caching, would still shft compuation load awvay
from origin seners. However, we believe thatit is
bestwhen combinedwith cacing.

Theargument hasalso beenmadethattransoding,
atany location, is unnecessay becaise bandwidths
and client capahbili tiesareincreasng.

We reject this premise. The skev baween“high-
bandwidth” and “low-bardwidth” connecions is
increasing, nat decreasng, asis the variety of client
devicesard capahblities Sowe cannot justsgit the
world into high- or low-bandwidth. In faa, diver
sity in other client camhilities such asscreensize,
are just asimportant asbandvidth, and the variety
in the device spae increases rapidly. Transcodng
allows a site to seve a diverse population without
having to genematedistinct subsitesfor eachcate
gory of clien.

2 Conceptsand context

In this section, we summarize the concegds behind
saverdirected transading, and show how SDT ts
into the context of theWeh

2.1 Problemswith automonoustranscoding

In traditional transaoding, a proxy infers the na
ture of response,andtriesto transform therespanse
without losing the essantial informaton [5]. We
refer to this as automorous transcaling.  For ex-
amge, if the response cariies Cont ent- ty pe:



image/ gi f thenthe proxy might convert it to a
JPES image. However, the proxy hasno sped c
information about what level of lossy compresson
can be applied to theimage without losingits mean
ing, andsothe proxy mustemploy heuristics.

Severd reeachershave reagnizedtheproblem of
choosing theright transformaton, andhave investi-
gakedvarious heuristics[3, 6]. However, no heuis-
tic cen avoid risking eithertheloss of importart se
martics, or thelossof opportunitiesfor aggressve
transoding.

Anothe problem inherent in autonamous ap
proaches is that of maintenance The code that im-
plemens trans@ding in the proxy will needto be
continuously updatdto cope with new formatsand
client requirements. Unless this code is run in ase
cure exeaution ervironment eachsuch update alo
riskscreaing new bugs exposing the proxy to at-
tacks

2.2 General design of server-direded

transcoding

Sener-directed trangoding sdves the inference
problem by eliminating it. Instead, while trans®md-
ing occurs at the proxy, all dedsions are made at
the direction of the origin server. The transmd
ing process (conceptudly) runsaspart of theorigin
saver application, and executesremotely from the
origin sever sdely asa peformane optimization,
nat for ary functonal resson The proxy provides
the exeaution ervironment and cettain detemminis-
tic subroutines, but makes noautonomousdedsions
about transading. (SDT cantakeplaceat anend
client, aswell asata proxy, but this paper focuses
on proxy-basal SDT.)

To provide e xibility, our approach to SDT uses
mohile code (such asJava applets to exterd server
functionality into the proxy. Each SDT-capable
HTTP response carries a reference to a transmd-
ing applet, chosenby the site desgne. To avoid
the cost of loadng a different aplet for eachre-
sponse,we exped thateach of asmallset of applets
can transcock mary respnses from a wide variety

of severs Proxieswould cache such apgets. To
support responsespeei ¢ control, an SDT-capable
HTTP respnse canalso cary paametrsfor the
amlet.

For example, a widely-usdul applet might crap an
image basel on coordinaesgivenin parmametes, as
in thisHTTP reporsemesaye:

HTTR1.1 200 OK
Date: Tue, 04 May 1999 22:51:34 GMT
Content-typ e: image/gif
SDT-applet:  java= http://  example .com/c rop.jar
SDT-parms: crop-o rigin=1 40;300,

cr op-size =100;10 O

We present more details of the protocd extenson
in Sedion 4.

Thetranscalingchdce deperdsboth ontheseman
ticsof the content, ard on client-speci ¢ attributes.
Transoding depends on a means for clients to ex-
pressthese attributes. In some prior desgns this
expressonisimplicit: for examge, the proxy looks
at the User -ag ent header in a reguest to in-
fer client capahblities We bdieve thes attributes
should be explicit, and proposetha clientsuse fea
ture ses” [10] to communicatethis informaton to
aproxy, aswe discussin Section 4.1.
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Figure 2: SDT communication paths. Italics indicate
nev HTTP headers; dashed arrows indicate acditional
messages

Figure 2 illustrates the communication pahs in
SDT. The only new mesages are for aplet re-
trieval, which canusualy be avoided via cading.
(The gure shaws the proxy fetching the aplet
from the origin sewer, but it coud comefrom an
other sewer)



2.21 Terminology: what doestransooding op-
erate on?

We have descibed transmding as operating on
HTTP “reponses”’ This is imprecise, becaise
HTTP allows partial responses(e.g.,the resuts of
byte-rarge requesty, and becaue some HTTP re-
sponsescary no trancodale content. The term
instance, meaning “the full regponseto a GET re-
gued the requestad resource at the currert time;
precisely descibesboththe input and the output of
trangoding, and we usethatterm for thered of this
pape. (For more discussion of thisissie, see[13].)

2.3 Whoisin control?

Because therearethreepartesto atranswding op-
eration (the origin server, theproxy, ard theclient),
the question arisesasto “who is in control?’ —tha
is, which party decideswhat trarscading to apply,
if ary? The quedion appeass to require resdution
of compding andirrecncilable interests For ex-
ampe, the client only warts images smaler than
50x50 pixels, but the server camot provide usefu
semantics for animagesmaller than 100x100.

We amgue that “who is in control?’ is the wrong
guedion; oneshould insteadask “who is in control
of what?'. We anawer:

The origin servershould control the semartics
of trarscaled content (through its agent, the
transcodng applet).

The client should control the presentation of
transcoded contert.

The proxy should control the resouces usal
for trarsaoding, caching, and network traf c.

What if two of thesepartiesdisagree? We consid-
ered propodng rules for setting priorities, but this
seemsarhtrary and comgdex. Insiead we usethe
simple rule that“ary party has avet.” Eitherthe
saver (viathe applet) or the proxy can decide notto
trangodeaninstarce, to preseve senanticsor pro-
tect reources. If an instanceis not transcaded, the
client canthendedde to reject it (e.g., to omit an
image from apagg. The proxy canimplement the

client's decision, to avoid wasing bandwidth send-
ing animagethattheclient won't display.

The= rules leave the trangoding applet free to ar
bitrarily compmomise semairtics in order to med
client prefererces if theserveris willing.

3 End-to-end issuesin transcoding

HTTP expeds proxiesto presave various “end-to-
erd” propertiesthatapplicaionsrely on. The useof
proxies(cachng or not) shoud affectperformarce,
but not the mearing of the communication.

Transoding appeas to bre&k these end+o-erd
properties By de nition, trarsading charngesthe
body of aresponsemessae And beausetransmd-
ing bre&s the relationship betweenan ertity tag
ard the assaiated instance a proxy tha reeives
anETag healer cannot trarscade without violating
the speci cation. The speci cation resdves this by
excusng “non4ransparent’ proxies from the rules
about headers, but then provides no guamartess at
all.

Thes paradoxesarisefrom the auonomousopera
tion of proxy-basel trarscalers. In SDT, however,
the trarscoding processis concepudly pat of the
origin sewer, not of a proxy. The proxy provides
anexecuion ervironmert andresources, but it does
not make transcodng dedsions The transcader
runs at the proxy (rather than the sever) sdely as
a perfformance optimizaton, not for functional rea
sns

Therfore, SDT preerves HTTP's end+to-erd
model. The trarscode is the origin saver. it can
genagate any necessay headers assin entity tag
values, etc.

Spae doesnat permit detdled discusson of ser-
eral end-to-end isstes. Thes include the assgn-
mert of entity tagsto transcaled resuts (see [12,
section 5.7] for more abaut this), the possbility of
re-transcodng anSDT resut atasulseguentproxy,
ard the controlled combinaion of SDT ard au
tonomoustrarscaling.



4 Protocol extensions

Sener-directed transading requires a minor extert
sionto HTTP to allow seversto commurncatetheir
diredives Our (limited) experiene hasled usto a
sped cdesign, athoughsurely thisrequiresre ne-
mert before stardardizaion.

In our applet-btased approach to SDT, the server
mud communicake two kinds of informaion: A
referene to the trarswoding applet(s), and op-
tiond response-gecic paraneters for the ap
plet(s). Using the Augmented BNF notation used
by HTTP[4], we de ne two new reponseheacers

SDT-applet = "SDT-applet " ™"

1#( exec- env "=" absol uteURI )
exec-env = "java" | "per I" | token
SDT-params = "SDT-params " "* field-v alue

The SDT-amplet header sped es one or more ap-
plets eeach applet is asociated with an execution
environment such as Java or Perl The provision
for multiple applets allows the proxy to choose
amag several applets pehays basal on which ex-
eaution ervironmentsit supports (or prefersto use).
Each execttion ervironmert imposesits own re-
guiremens on applets.

We placeno prior restiictions on the syntax of the
SDT-pamamshealer (beyondthebasc HTTPrules).
This heaer is pased verbatim, from the origin
saver to the apget; its syntax is of no interestto
ary other partes

4.1 Communicating client capabilities and
preferences

We do trangoding to med the sped ¢ nealsof a
client, so clients musthave a mears to expresstheir
cgpabilities and preferernces. The IETF hasaready
started stardadizing a syntax for repreening Me-
dia Feaure Sets[10], which appears adequae for
SDT. For example this featire set:

(& (pix-x =150) (pix-y =100) (color =15) )

says that the client can disgay a 150x100 image
usng 15 colors. The syntax also allows a client to
quartify its relative preferences. (We bdieve the

guarti cation syntax supports the “vetn” mecha
nismof Secton 2.3).

No standardyet exists for anHTTP healer to carry
feature sets Holtman and Mutz proposed “Accept
Featires” but suggesed that “Feaure-Setinfo” is
moreaccuate. We propose using the atbreviation
“FSI” asthenameof a healercarying “f eatire s
information” about arespnse,and”FSP’ to carry
a“feature setpredcate” in arequest. (A featuresd
predcate desribeswha theclient canaccep [10].)

The currenly-registered Media Feaure Tags [9]
cover client cgpabhlities, but not the relevant net
work properties. Becalsetransamoding is oftendone
to save bandvidth, we would like a means for
clientsto tell proxies how they areconnecied (The
client-to-proxy pah can be complex, but the lag
hop is quite often the botlenedk.) We propose
usng Fedure Tags to represent a client's last-hop
bandwidth and preferred maximum image size (in
bytes), although this does stretch ther intendedpur-
pose

If atranscader camotproduce arealt thatboth pre-
savessanantics andmeds client preferences,nor-
mally it should not serd any resut (or it could wase
bandwidth). However, we propose de ning a Fea
ture Tag to alow a clientto request thatit always
receive samereslut tha medsits prefererces even
if the sematics arelost (The appletis free to ig-
norethisreqed.)

4.2 A protocol example

We presert asimple example to show how the pro-
toca extersions would be used (This repeds the
patial examplefrom Section 2.)

Supps that deskop client requess
ht tp :/ /wwwex anpl e. com/l ogo. gi f
viaaproxy:

GET http:// www.example.c om/logo .gif HTTP/1.1

Host : www.example .com
FSP: (& (pi x-x<=1 280) (pix-y<=1 024)
(co lor<=6 5536))

Assuming a cache miss, the proxy would forward
thatrequed to www.exampge.cam, which might re-



ply with a400x500 pixel color image:

HTTRP1.1 200 OK
Date: Tue, 04 May 1999 22:51:34 GMT
Content-typ e: image/gif
SDT-applet:  java= http://  example .com/c rop.jar
SDT-parms: crop-o rigin=1 40;300,

cr op-size =100;10 O
FSI: (& (pi x-x=40 0) (pix -y=500) (colo r=156))
Etag : "123e fg"

The proxy simply forwardsthisrespmseto , be
causethefeauresof theresponsee machthefeaure
sd-predcate of therequed [10].

Now imagne that client  is a hanchdd with a

160x160 pixel, 4-bit grayscde saeen.  requesk
the same image via that proxy:
GET http://  www.example.c om/logo .gif HTTP/1.1

Host : www.example .com
FSP: (& (pi x-x<=1 60) (pi x-y<=16 0)
(colo r=0) (grey<=16))

The proxy recognizes this as a cacle miss, but
deteds! that the cached respmse is incom-
paible with the clients featue-sd-predcate.
Therfore, the proxy obtains the applet
http :/ /e xample. com/cr op. ja r (ei-
ther from its cache or from the saver), andthen
invokesthe applet with the cached resmpnse and
client ‘'srequestasinpu. The applet, which (as
itsnameimplies)cropsimages, might gererde this
respanse:

HTTR1.1 200 OK

Date: Tue, 04 May 1999 22:51:34 GMT
Content-typ e: image/gif

FSI: (& (pi x-x=10 0) (pix -y=100) (grey =16))

Cache-contr ol: no-transf orm
Etag : "123e fg.100 x100g16 "

Note tha the applet has cropped the origina
400x500 image to 100x100, because this tswithin

's 160x160 screencapaility. Theapplet hasalso
convertedthecolorimageto agrayscake image, us
ing the full pixel depth available at the client. The
SDT-related healers have been removed because
the resut canrot undergo further trarscaing, as
indicated by the Cacle-cntrol diredive. The en
tity taghasbeentransformedby the applet (see[12,

1Eitherby explicitly trying to matchthe client's featureset
predcatewith thesener'sfeaturesetinformation,or by invok-
ing amethal of theapget to makethis decision.

section 5.7]) in such a way that the apdet canval-
idatethe client's cacheentry. (No other agert be-
sidesthis applet and the origin sewer caninterpret
this ertity-tag)

5 Proxy ervironment: architecure and

extensions

A proxy tha suports SDT must provide an envi-
ronmert for executing transoding applets. Thisin-
cludes:

A runtime ervironment for applet execu-
tion: For Java applets a Java Virtud Machine
provides a secue environmert ard isoation
betweenapgets. For Perl applets, the Perl in-
tempreer provides similar features.

An applet loader and cache: the proxy re-
trieves trangoding apgets via URLSs speck
ed in the SDT-applet headers andcan cache
them. Traditional HTTP retrieval and cacling
mechansmsshould suf ce.

Input and output instances: the proxy pro-
videstheinputinstance, and allocatesstorage
for theoutputingance.

A meansto supply clientrequed headersto
applets this gives applets accessto clientca
pabilities and preferernces

Proxy-speci ed parameters: for examge,
the proxy may set limits on resaurce use by
the applet, or provide accessto cache enties
haoding previoustranscalings of theinput in-
stence.

A standardized set of APIs for useby ap-
plets spae does not pemit discusson of
theseAPls, ard we arestill developing the de-
tails.

Figure 3 shows the interaction betweea an applet
and its environment.

Themodelshown in Figure 3is suf cie ntto support
SDT. However, this places the ertire transcodng
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Figure 3: Proxy ervironment for transcoding apdets.

functionality into one applet. We can instead factor
the functionality into three pieces: a control applet,
one or more function apgets, and one or morena-
tivefunctionsimplemenédby the proxy itsef. The
latter might be invoked via apgdet wrappers Only
the control appletis mardabry; the other piecesare
optiond optimizations.

Themotivation for function appletsis thatwhile re-
saurcesmay differ enoughto require separéae con-
trol applets, these cortrol apdets may want to share
underlying functions. For exampk, two cortrol ap-
pletstha use coor-maprediction may have quite
different algorithms for choosing colors but can
sharea function applet that maripulates GIF color
mars.

1

. Function appleti

Function applet

T !

‘ Control applet ].‘

‘ Control applet 2‘

T !

Applet arguments Applet arguments

Figure 4. Ore functionappletcanbecachedandreused
by differert cortrol applets. Only the control applet has
athreadof control.

This separdion of control from function, as de-
picted in Figure 4, canreduce the size of control
amlets andincrea®sthe cachehit ratesfor the im-
plemenations of commonfundions.

Anothe problemwith placng the ertire transmd-
ing functiondity into an appletisthate.g. Javamay
nat provide the most ef cie nt way to implement the

CPU-intersive functions used in image maripula
tions Our ardchitecure therfore allows the proxy
to use native fundions to implemert function ap-
plets This allows proxy vendrsto differertiate, by
offering high-ef cie ncy exeaution of SDT without
charging the semantics.

5.1 Practical issuedor exeaution environments

Each execttion ervironmert imposesits own re-
guiremens on transcading applet. For examge,
in the Java ervironmert, cortrol applets mud ex-
port certain methods sud as one to transmde are-
sponse,ard ancther to estimatethe cod of transmd
ing aresponke). The proxy mustexport a stendard
izedmedanism for control appletsto loadandcal
functional applets.

Theenvironment mustalso ensure security. In gen
eral, this meastha the execution of onetransmd-
ing operdion camat affect any other proxy opera
tions and camot overuilize proxy resouces. Jasa
odersibly provides adequae secuity; the “taint
mode” of Perl might also suf ce. Becausewe do
not allow transcalers to modfy ary persstent or
exterral state except for thetrarnscoded values tha
they geneate, opportunities for information leak
ace (e.g.,privag violations) are limited. However,
we do nat exped to fully control information leak
ace; this is bed done through end-to-end security,
swchasencryption, for privagy-critical data For re-
sponsesthat neednot be secure, we wart to alow
“lealage; in the form of cacenhits.

5.2 Caching of transcaled results

Secton 1.1 argued that proxy-basedtrangodng is
best when comhlined with caching. We want to
cache trangoded results, and use them for future
client references, avoiding a transcodng operaion
if asutable cacle entry exists. How doesthecache
matd transodedresults agand the preferengsin
requess, given tha two cliens may have dlightly
different prefererncestha both mach a single re-
sut?

Onepossble approach is for transoders to tag re-



suts usng Media Fedures,then have thecacheuse
standard feature-sé¢ matdiing rules [10] to search
for amatding enry.

The dterndive is to let the apget decide: for
a given URL, the proxy invokes a cathe-matth
metlod of the assodated transcoder, providing the
client preferercesard referenesto a set of cache
ertries for tha URL. The applet can aply its
respanse-peci ¢ knowledge to choose the beg
cacheentry, orto deddeto gereradeanew transod-

ing.

We suggest a hybrid approach if the applet labels
its output with featre tags this implies that the
ceache should use standard matching rules Other-
wiseg the cache should invoke the apget's decision
method.

Notethat theseapproactesimply acachetha stores
multiple freshentriesper URL. This can affect the
cache replacanent policy. Previous studies have
conddered this problem [1, 14]; we view replace
mert policies as future work, and assume in nit e
cachesin our tess.

6 Implementation status

Our current implemenation is incomplde, but
functions su ciently to demondrate the perfor-
marceof SDT usng acual HTTP trarsections

6.1 Proxy and applets

Our proxy prototype is implemented in Perl, and
providesall the basic functions nealed to write ap-
pletsand dynamicdly trarscode conterts. It sup-
ports control applets written in Perl. Native func-
tions(seeSection5) are extemd programsfrom the
ImageMagjck[8] padage(e.g. convert).2

The current implemengation cacles neither in-
stan@snor applets and operadessequertially with
no pipelining or other optimizaions.

2ImageMagick includes a library of image manipuation
functionsthat could sene as native functiors in a Javaimple-
mertation.

We have implemerted a few simple Perl applets.
Secton 7.1descaibesour mostintereging appletin
samedetail.

6.2 Clientsand servers

Any HTTP client (with proxy support) canuseour
proxy. Support for sendng feature set (see Sec
tion4.1) is desrable; alternatively, userscould reg-
ister thar prefererces via a Web interface to the

proxy (asin [5]).

An HTTP sewer implemens SDT simply by at
taching response heades, asin Sedion 4. Apache
supportsthisviathe MODHEADERextension, or (as
in our expetimerts) using send- as- is , with re-
sponseheadesembealdeal in thedisk lecontaining
the reource

7 Usetul transfor mations

Although amostany content could be transcoded,
our work has focused on static images. We have
iderti ed several uselul basic image trandorma-
tions including: cropping, saling (in rendered
dimensons), resolution reduction, lossy compres
sion (“qudity redudion”), ard color remappng
(see [12] for an exampk). All of thes can re-
duceresponsesize; all except compression can alo
adap images to limited clientcapablities

An applet can use combinations of bast trangor-
mations either to saisfy multiple gods (e.g. smal
saeen and slow network), or to beterachieve asin-
gle goal without compromisng sematics.

Eachbagc trangormation takes its own parame-
ters. For example, cropping canbedescaibedusng
acrop box two cornersin image coordinatespace.
Scalng can be desegibed usng X- and Y-axis fac
tors.

While applet reusehelps the proxy avoid the costof
loadng applets we do nat expect one applet to suit
all purposss. Instead we expectthe useof a mod
ed sd of “category-speci ¢’ apgets that would be
asscciated with particular kinds of images These



might indude applets for “image with main sub-
ject,” “landscapeparorama; “banrerad,” etc This
caegorizationshauld grealy simpiify both thecon-
trol appletsand their parmametes.

7.1 Anexample applet

The applet we have chosenfor our timing experi-
merts (Sedion 8) trangormsimageswith onecen
tral humansubject. The goal of such an image is
(usually) to convey the identity or emdional state
of the subject sowhen tt ing theimage to asmal
dispay, we prefer to crop out the surroundings (or
even the person's body), rather than shrinking the
ertire image to the point of unrecognizahili ty.

Thisapplet, caled“crop-interp” usesalist of crop-
box pammetes to reduce theimageto the client's
desired size, by intempodating between the crop
boxes If the taget size is smaler thanthe smalt
ed crop box, the applet rstcropsto that box, then
rescdesthe imageasnecesal. Othawise,theap
plet interpdatesa new crop box betweenthe two
that bound the tamet size. This preseves the se
martics of “photo of human” asmuch aspossible,
while meding the client's desredsize. If the client
can display the surroundings that give avor to the
photo, theseare preseved too.

The crop-interp applet canalso be usal to meeta
byte-size target, since cropping also reduces byte
size.

Figure 5 shows an example image (one of the
auhors), with the crop boxes superimposel. 3
Figure 6 compaes the resuts of a tradtiond
trangoding (quality reduction only, 5830 byteg
ard of crop-interp (5831 byteg.While the trarsfer
sizesarenealy identical, theimageutilities differ
greaty.

3The Postsaipt versions of the images in this pa-
per have beentranscaed to improve Podsaipt rendeing
speeds. The original JPES images are available from
http :/lwww. cis.up enn.edu /%7ebjo rnk/wc wimages/

Figure 5: Examge image, with crop boxes sugerim-
posed

7.2 Examplesof other categay-spe¢ capplets

Applets for other image categories might follow
similar but distinct appoactes. An apget for
panoramicimagescould startby reducingquality or
color depth, rather than cropping, and would only
crop once further quality redudionswould hurt se
martics. A bamer-ad applet coud simgdify the
coor mapto eliminate grgphicaly comgex parts
of the image. An applet for animated GIFs could
cut to the mainmessge skipping aprdiminary arnt
imation.

8 Experiments
We report two experiments The rst measures

trangoding costs while the second measures the
whoale system.

8.1 Transmding cods

Transoding cogsfor arepponsedepaendsontheap
plet, its paraneters, and on the reponseitsdf. Ta-



600x800 pixels,quality 3, 5830 bytes

200x267 pixels,quality 50,5831 bytes

Figure 6: Transcoddimages: quality-redwced(left) and crop-interp (right).

ble 1 shows elgpsed times and size reductions for
crop-interp, when askedto shrink and rescde the
image in Figure 5. Measuemerns are mears over
10000 runsonaniBM ThinkPad T23 (1.2GHzPen
tiumlll, 384MB RAM).

A crop-interp operaion congsts of image unpack
ing, zero or more image maripulation opaatons,
ard image padking (including a possble format
converdon ard/or JPES Qualty Fador (QF) re-
duction). Cropping is cheap, so most of the cog
of crop-interp is unpacking and packing theimage.
Thes costsare a function of the image size, and of
the QF requestal.

8.11 Crop-interp compared to smple com-
pression

The left image in Figure 6, uncropped but with a
QF 3,to0k 0.170semndsto trarscale(compara
bleto theuncroppedrestut in Table 1). The cropped
image on the right (still quite recgnizable) took
just 0.08 secands, so SDT seemsto offer faster
results than aubnomous trarscaling. One could

argue that hadan aubnomous proxy known that a
200x276 image was accegale, it could have gen
erated Figure 7,by rescding ard chargingthe QF to
34. However, this transoding took 0.276 seonds.

Also, while aubnomots transmdersneed not load
ard processsener direcives,they should probebly
sperd time (not measuedhere) on hevristics [3].

8.12 Evaluating image quality

While transmding cogs and image sizes are ob-
jective metrics, image qudity is subjecive. The
saled imagein Figure 7 seens clearly superior to
the qudlity -reduced image in Figure 6, but is the
croppedimagein Figure 6 even better?

Assuming that crop-interp doescapture the impor-
tant esserce of the origind image, we note that the
saled image in Figure 7 reducesthis “important’
200x267 section of theoriginal to 66x88, only 11%
of theorigina pixels

We conclude that SDT can yield better reailts



Resolution | Pixel reduction | Bytesize | Sizerediction | Time
60x800 Origina 6598 Original | ——-
60x800 0% 48617 26% | 0.178
485650 34% 27428 58% | 0.1%
30(x400 75% 10433 84% | 0.1
20x267 89% 5831 91% | 0.08

Table 1: Sizesavingsfrom crop-interp, combining cropping with QF reduction from 75 to 50.

200x267 pixels, QF=34 5815 bytes

Figure 7: Autonomous transcaling, matchirg size of
crop-interp result.

than autonomoustransading, with similar or bet
ter cods.

8.2 Whole system tests

We meaured whole-g/stem performarce with a
client (1.5 GHz Pentium 4, 512MB) making re-
guedsto our department's Web senvervia our proxy
(samehardware asin Sedion 8.1). Applets were
downloaded from the sever.

We simulated various proxy-to-dient bandwidths

usng theLinuxtrafc shaperontheproxy. 4

Weranthesametrarscalingsasin Talle 1. For cak
ibraton, we measured non-transcodng trarsfers,
with and withou the proxy, of theoriginal le ard
of anempy le. Table 2 givesthereailts.

Theproxy uses'storeandforward”, soit addssame
overhead, even when nat trarscading, which in-
crea®s with regponsesize. For ary transcodng
trial, our non-caching proxy downloads the apget;
we meaaured this cost as 0.03 secords for crop-
intemp. Starting crop-interp takes 0.008 seandk,
ard adud transcodng costsare shown in Table 1.

Trangoding markedy improves lateng/ for slow
networks (up to 144Kbps, for our protatype). For
fasta connedions, the mainreaon to transmdeis
for content adagation. A fader proxy implementa
tionmight shift thetradeoff point.

We conclude that, evenfor our unoptimized proto-
type SDT adds minimal overhead compared to the
patential bene ts. Oncewe add cacling to our pro-
totype, thebere ts should be evengreate.

9 Futurework

Much work remairs to prove the value of SDT.
We cortinue to work on implementation, indud-
ing caching andperformarceoptimization,and fur-
ther measuremerts. We exped to re ne the proto-
cd extersion and APl desgns, aswe gain experi-
encewith new applets We needto deviseresaurce
controls to prated proxies from buggy applets and

“This only affectsoutgping paclets. Packetsto the proxy
(HTTP requestandTCP ACKs) were not shape.



Resdution | Byte size 56Kbps 144K bps 768Kbps | 10Mbps | No proxy
(e.g., modem) | (e.g.,.3Gwireless) | (e.g.,DSL) | Etherng | (Ethemel)

Empty 0 0.080 0.036 0.0 0.033 0.021
600x800 65982 9.680 3.720 0.510 0.110 0.080
600x800 48617 7.440 3.030 0.624 0.327 —_—
485x650 27428 4.340 1.800 0.430 0.272 —
300x400 10433 1.810 0.850 0.268 0.208 —
200x267 5831 1.120 0.560 0.211 0.185 —_—

Table 2: Whole-systemresuts (mears of 30 trials). Firsttwo entriesarenot transcaled.

denial-of-senvice attacks We bdieve thatthesand-
boxinginherntin SDT canredst othersecurity at-
tacks, but thisrequiresmoreanadysis.

We think SDT could be extendedto support CDNs
ard streamirg meda, although the bere ts of these
extensionsmay be moredif cu It to prove.

10 Additional related work

Mahestwari et al. [11] discuss the problem of
matding client requeds to cached trarscaled re-
suts. Instead of tagging cache entrieswith explicit
meda features they subdivide enties basedon a
smal setof client caegories

Our decompostion of transoding into cortrol and
functionalappletsresanblestheapproach of Ihdeet
al. [7], although they use pattern-matding ingeal
of serverdiredion to discover the compasition.

Active Cade [2] and Active Names [15] als
introduce code into the proxy. In Active
Cacte [2], seaver-supplied applets implemert a
cache-congstercy mectarism; they can also col-
lect client acces logs and rotate advertising ban
nes. In Active Names, mobile programscan cus
tomize how the resource is locaed and how the
respmse is transported to the client In contrag
with theseaproadtes, SDT operates only locally
on eat respmse to be transmded, and does naot
interact with other systemsor objects Trans®d-
ing is awell-de nedproblemthatcan besdvedby
running apolets in a restricted execution environ-
mert, thusavoiding dif cult security and reource-

maragament issLes.

Older relaedwork is discussedin detail in [12, sec
tion2].

11 Summary and conclusions

We have speci ed anHTTP protocol extension for
Sener Direced Transcodng, and an architedure
for SDT appletsand SDT proxies. Our architec
ture demmpases transcaling into category-sped ¢
control apdets, gereric functons, and regponse
sped c paameers We also decompase gereric
functions into loadabe function applets and fast,
naive fundions

Expeaimerts on an unoptimized prototype demort
strate the potertial of this arcitecure, with per-
formarce suf cie nt to improve erd-to-end latercy
even on 768Kbps ADSL connections

We shaved tha SDT allows the use of signi -
cantly cheape and better trandormationsthan pos
sible with auonomaus transcaling, by exploiting
respmse-peci ¢ information.
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