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Abstract— Universal Multimedia Access(UMA) refers to ac-
cessingmultimedia content over a wide range of client terminals
and network capacities. Scalable coding is a very popular
technigue to enable UMA for video. Overhead intr oduced by
the scalable coding approach limits the number of layers that
can be stored for each video. Therefore some clients may be
seved the closest available quality than the best-t quality.
This is a major drawback of scalable coding from the end-
user perspectve. We proposeto employ transcoding to tailor
content exactly to the client's best-t quality when the required
layer is not stored. Inserting a transcoder in the sewer-client
path intr oducesnew challengesin deciding the layering structure
(number of layers, bandwidth per layer) of a video. The optimal
layering structur e should be decided basedon factors lik e total
/0 bandwidth penalty incurr ed due to layering and transcoding
effort requiredto sewice the “non-layered” versions.The solution
to this problem is further complicated by practical issueslike
diverse popularity of video objects and resource availability .
Another issuethat we addressin this paper is reducing WAN
bandwidth penalty incurr ed due to transport and coding over-
headinherent to scalablecoding. This particular problem applies
to all schemeshat uselayered encodingto broadcastvideo. We
map the above mentioned problems onto a 0-1 multiple choice
knapsack structure and propose an algorithm to nd a near-
optimal solution. The uniquenessof our approach not only lies
in the streaming model but also in the integrated manner in
which we addressa variety of issuesput forth by layered coding.

I. INTRODUCTION

With the adwent of low power processorsdisplay devices
and widespreadwireless access,the variety of multimedia
consumershas been rapidly increasing.Layered encoding
and transcodingare two popularapproacheshat are usedto
sene heterogeneougrminals.Sofarthe scienti c community
has often viewed them as competing solutions. In a new
perspectie, we proposeto useboth layering and transcoding
in complementary roles. While the sener streamslayered
video,aLAN (local areanetwork) agentperformstranscoding
(if needed)before re ecting the streamto the client. We
obsene that this model provides somepowerful bene ts that
neither scalablecoding nor transcodingalone can offer. We
explain one suchkey adwantagein the following paragraph.

It has beenshawn that layered coding incurs bandwidth
overheadand only a limited number of layers should be
storedto achieve the bene ts of layering [1]-[3]. Therefore
choosing the layering structure is an important issue. [1]
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provides an algorithmto nd the optimal layering structure
of a video. However by choosingonly a few layers, some
receversexperiencelower quality thanwhat they canhandle.
We proposeto overcomethis problemby usingtranscodingo

servicethosequality levels not coveredby layering. Thuswe

usetranscodingo mask the discretequality levelsandscalable
coding to use sener resourcesefciently and to elegantly

adapt to network conditions. By introducing a transcoder
betweenthe sener and the client, new issuesarise in the

optimal layering structureproblem. The layering structureof

a video determineshe amountof transcodingeffort required.
Sincetranscodingis CPU intensive and processingpower is

a nite resourcewe designan algorithm that choosedayers
to minimize the transcodingeffort involved while adheringto

resourceconstraintsat the sener.

The last problemwe explore in this paperis to minimize
the WAN bandwidthpenaltydueto layeringoverhead Recent
adwances[4] have made layered coding more e xible. We
proposea techniquethat exploits such e xibility to dynam-
ically vary the sizesof layers(without affecting the layering
structureon the disk) to reducethe WAN bandwidthoverhead.
Our simulationsshaw thatsigni cant WAN bandwidthsarings
canbe achieved with the proposedalgorithm.

Il. RELATED WORK

Layered coding and transcodingare two different ap-
proacheshataddresshe sameproblem:*How to achieve Uni-
versalMultimediaAccess?'In the scalablecodingapproacha
videois partitionedinto a baselayerandmultiple enhancement
layers. The baselayer containsthe most important coding
information and each enhancementayer further re nes the
video quality [5]-[7]. Receverschoosethe baselayerandone
or more enhancemeriayersbasedon their capability On the
otherhand,transcodings a techniqueto alter the bitrate of a
video streamto exactly suit the recever capability

In layeredcoding,the client recevesthe baselayerandone
or moreenhancemeritiyers,combinesanddecodeghem.We
referto thetaskof combiningthe baseandenhancemerayers
into a singlevideo stream,ascomposing. The mainadwantage
of scalablecoding is that it usesthe storageresourcesat
the sener very efciently by storing only the differential
componentsacrossmultiple quality versionsof a video. Also
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Fig. 1. The CascadeStreamingArchitecture

adaptationto network conditions can be elegantly handled
by addingor droppingenhancemeriayers[5]. However, the
disadwantageof layeredcodingtechniquesn popularstandards
like MPEG-2[6], is that quality levels are discreteand static.
Thereforethey cannotprovide the bestpossiblequality across
a wide variety of terminals.Recentadvancesin video coding
[4] allow dynamicmanipulationof the layering structurewith
very low responsdimes. The primary dravbackof suchmore
recentschemess that they still incur signi cant bandwidth
overhead[2], [3]. [1] shows that when layering overhead
is considered,only a limited number of layers should be
storedto achieze maximum perceved video quality. This is
becausevith morelayers,the bene ts dueto ner granularity
is diminishedby the layering overhead.[1] further provides
efcient algorithmsto nd the optimal numberof layersfor
videos to maximize quality for a given network bandwidth
budget.Howeverwith limited numberof layersfor eachvideo,
therewill be a mismatchbetweerthe requiredquality andthe
achieved quality for somerecevers.In this paperwe propose
to remove this mismatchby inserting a transcodingelement
in the sener-client path.Insertinga transcodeitroducesnen
issuedn nding the optimallayeringstructure Thisis another
aspectwhereour work differs from [1].
Recentarchitectureq8] can perform transcodingwithout
decompressing the video and hencevastly reducingthe com-
plexity of transcodersThis hasenabledrealtime or on-the-y
transcoding9], [10]. Transcodingoffers multiple advantages
over scalablecoding.It canhelp “tailor” contentto t client's
requirementin ary dimension (frame rate, resolution etc).
Transcodings a vital componento provide accesso MPEG-
2 content(representinga vastmajority of existing content)to
diversemultimedia devices and henceis predictedto be an
active researchareafor mary moreyears[8]. A disadwantage
of the transcodingapproachis that the computationeffort
requiredis signi cantly largerthanin scalablecoding.

Il. SYSTEM MODEL

In the previous sectionwe obsered that the layered en-
coding approachis bestsuitedfor the sener and WAN envi-
ronmentsbecausef its scalabilityand adaptabilityproperties
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Fig. 2. Selectve Layering: Thick lines denotestored layers, dotted line
denotesunstoredayer

respectiely. On the other hand,the transcodingapproachis
best suited to tailor contentto t the client exactly. In this
section,we explore a uni ed model that usesboth layering
and transcodingand thereby exploiting their strengths.We
referto this uni ed modelasthe CascadetreamingArchitec-
ture (CSA). In CSA, the video sener streamslayeredvideo
and an intermediateLAN agentcalled the Composingand
Transcoding(CaT) gatevay [11] performstranscodingof the
layeredstreambeforere ecting it to the client (refer Figure-
1). The underlyingphilosophyis to employ anapproachn an
ervironment(or role) whereit is bestsuitedandmostef cient.

We now illustrate the functioning of CSA with two scenar
ios. Assumethat we needto servicea video to 4 types of
clients. So there are 4 possiblelayers. But due to resource
constraintsat the sener, we store only 3 layers as shovn
in Figure (Enhancementlayers 2,3 are stored memged as
enhancementyer 2&3)

1) Scenario 1: A client sendsa requestfor version3 to
its CaT gatevay, which then forwards this requestto the
VoD sener. Sincethe sener hasnot storedthe enhancement
layer for version 3, it sendsthe layers correspondingo the
closesthigher quality versionavailable,viz. version4 (layers
0,1,2&3), to the CaT gatavay. The gatavay then composes
the layers,transcodesersion4 to version3 and forwardsit
to the client.

2) Scenario 2: A client requestsversion2 and since the
sener has exact layers correspondingo version 2, it sends
them(layers0,1)to the CaT gatevay. In this casethe gatavay
doesnot needto performtranscodinglt composeghe layers
into a singlevideo objectand forwardsit to the client.

CSA makestranscodingandlayeringtruly complementary
with each method alleviating disadwantagesof the other
Transcodings madelessCPU intensve becausef the avail-
ability of closerhigher quality versionsprovided by layering
while discretequality levels of layeredcodingare masked by
transcoding.

IV. CHALLENGESIN CASCADE STREAMING

In this section,we rst analysethe effect of layeredencod-
ing on the VoD sener resourcesWe then de ne the issues
that needto be addressedo managetheselimited resources
efciently.

Layering overheadconsumeshreeresourcesat the sener:
storage,l/O bandwidthand WAN bandwidth.In this study
we assumehat storageis lessof a bottleneckwhencompared



to I/O and WAN bandwidths.Layeredcoding affects /O and
WAN bandwidthconsumptionasfollows:

a) 1/0 Bandwidth: [3] reportsthat the I/O bandwidthre-
guirementof layeredvideo can be 20% - 30% higher than
unlayeredvideo. Also the layeringstructureof a video affects
the percentagef bandwidthwastedon overhead1].

b) WAN bandwidth: When video is serviced as layers,
a signi cant fraction of the WAN bandwidth is spent on
pacletizationand protocol overhead2].

At the sener, both /O and WAN bandwidthsare limited
resourcesand henceneedto be managedefciently. In the
next two sectionswe addressthe following questionsin the
contet of the Cascade Streaming Architecture:

1) How to decide the optimal layering structure of the
videos such that the sener's /0O bandwidth is used
efciently? (Selectve Layering: SectionV)

2) How to minimize the WAN bandwidthwastagedue to
layeredcoding?(On-the- y Composing:SectionVI)

Notations: We now de ne the notationsthat we will follow
throughoutthis paper A video i of versionj is termedas
a video object and is denotedby V;;. Eachvideo has m;
versions. s;; is the size (in bytes) and d;; representsthe
duration(in secondspf V;;. Popularityo;; is de ned asthe
numberof concurrentaccesseger unit time to object V;;.

V. SELECTIVE LAYERING

Very ne quality variationscan be provided by having a
large numberof layers. But this advantageis overshadwed
by the fact that more layerswill incur more overhead.The
negative effect of overheadis accentuatedy the effect of
popularity If a high quality version of a video (a base
layer with multiple enhancemeritiyers)is very popular then
the I/O bandwidth spenton layering overheadcan become
prohibitively high. Thereforewe needto limit the number
of layersto store for eachvideo. This problem is further
complicatedby the structureof CSA. As shawvn in Scenario-
1 of Sectionlll, the CaT gatavay might needto perform
transcodingif the sener doesnot store an exact match to
a requestedversion. Therefore the position of the layers
(bandwidth of layers)is crucial in deciding the amount of
transcodingeffort spentat the CaT gatavay. SinceCPU is a
critical resourceat the gatavay, the layersshouldbe choseno
minimizethetranscodingeffort required Also we obsene that
the I/O bandwidthrequirementof a video initially decreases
as more layersare added.But beyond a cutoff point, the I/O
requiremenincreasesvith the numberof layers.This canbe
attributed to the coding overheadplaying a dominantrole in
determiningthe I/O requirementFor a moredetailedanalysis
of thetradeofs in the CSA modelwe referthe readerto [12].

The selective layering problem deals with deciding the
optimal layering structure for each video to minimize the
transcodingeffort while using the sener's 1/O bandwidth
efciently. In sectionV-A, we rst introducesomeimportant
de nitions andnotations.In sectionV-B, we thendiscussthe
problemof optimal k-set layering andproposeanalgorithmto
solve it. We thenuseoptimal k-set layering asthe foundation

to solwe the selective layering problemin SectionsV-C and
V-D.

A. Definitions

1) Layering Set (L;): The setof pointsat which video i
is partitioned.If videoi hasm; versionsthenthereare
atotal of (m; 1) suchpossiblelayeringpoints.

Size of Layering Set (SL;): The numberof layering
pointsfor video . It canvary between0 (no layers)to
m; 1 (all versionshave their correspondindayers).
Transcoding Cost (t;,1 ,): The CPU effort requiredto
transcodea video objecti from versionz to versiony.
We modelthe transcodingcost asfollows:

2)

3)

1)

where K7 is a constantof proportionalityand f repre-
sentsthe CPU effort per transcodingoperation.in our
experimentdn SectionVVE, we model f(x,y) = (z  v).
Transcoding Cost Savings (7;;): The CPU effort that
would be saved by having a layering set of size j for
video i comparedo having a layering setof size0.
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(a 2 L;) representsersionsthat needto be transcoded
(ex. version3 in Scenario-1of Sectionlll) andl, is the
next higher quality versionto transcoderom.

B. The optimal k-set layering problem

The optimal k-set layering problem can be stated as
follows: “For a given video i find the layering set of size k that
provides the maximum possible transcoding costs savings.”

This problemis notguaranteedtb have the optimal substruc-
ture propertyalways. Considera video that has4 versions(3
layeringpoints).Assumethatall the layershave the samesize
andall versionshave the sameprobabilitiesof access= 0.25.
If &= 1, thenthe optimal layeringsetis f2g. If k£ = 2, then
the optimal layeringsetis f 1, 3g. Sothe solutionsetto k = 2
doesnot containthe solutionsetto a subproblemie. k = 1.

Sinceoptimal substructur@oesnot hold always,techniques
like dynamic programmingand greedy approachcannotbe
appliedto nd the optimal solution.It can,however, be found
by explicitly enumeratingll possiblecombinationsThis brute
force approachhas a worst caserunning time of O(2") to
nd the optimal k-setsfor all k, 1 k&  n. We therefore
designa simple greedyalgorithm, of time compleity O(n?),
by relaxingthe optimal substructureconstraint.

The greedyalgorithmcanbe describedasfollows: In every
stepwe addthatlayering point, to the currentsetf Rg, which
increasesthe transcodingbene t of fRg by the maximum
amount.We repeatthis until & choicesare madeand report
the overall transcodingcost savings, 15, for the setf Rg.

In [12] we study the factorsthat affect the optimality of
the greedy algorithm. It is seenthat with skewed version
accessprobabilities, there is more overlap in the problem
substructureThis is because]ayering points with the high



accessprobability should always be presentin the solution
set. As the “skewness” (controlled by a Zipf distribution) is
increasedthe accurag of the greedyalgorithmalsoincreases.

C. Problem Formulation

The aim of selectve layeringis to nd the layering set for
eachvideo i suchthat the overall transcodingcost savings is
maximizedandthe I/O bandwidthconstraintat the sener(/)
is not violated. This canbe mathematicallystatedas follows:

Xv o1
Maximize Tij Xij 3
i=1 j=0
phjech
o Xiy=1fori=12.n (C3.2)

where: is thevideonumber(1 ¢ n) andj is the size of
the layering set for video (0 Jj < my). I;; is the l/O
bandwidthrequiremenfor video i with layering setsize of .
Let O;,, bethe overheadfor the m*" layering point of video
1.

X LS. X LS.

Iij - O‘zkd ik + azkd ij (4)
k2 Li ik k2 L ik

Sk = (s + Oim)

(m2 Li)and(m<k)

ConstraintsC3.2 and C3.3 indicate that eachvideo can have
only one value for the size of the layering set from the set
f0,1,2...m; 1g. A value of 0 implies no layering for that
videoandm,; 1 indicatesall layeringpointsbe chosen.

D. Solution to the Selective Layering Problem

The goal of the selectve layering problemis to choose
optimal layering set sizes for eachvideo i (from the set
f0,1,2...m; 1g) to maximizethe transcodingcost savings
subjectto the sener's I/O bandwidth constraint. This can
be mappedon to a 0-1 multiple choice knapsackproblem
(MCKP). In MCKP, multiple classesof items exist and the
goal is to chooseone item from each class to maximize
the value of the knapsackwhile adheringto someresource
constraint.

[13] presentsa dynamicprogrammingapproachto nd the
exact solution to the 0-1 multiple choice knapsackproblem.
We usethis approachto nd the optimal layer set sizesfor
eachvideo.Let Z(i,y) denotethe maximumtranscodingcost
saszings with ¢ videosand I/O bandwidthof y. A recursve
equationin termsof Z canbe written asfollows:

Z(i,y) =

max ff T;; + Z(i 1,49 (5)
0 j<mi
We starttherecursionwith theinitialization Z(0, y) = 0;8y
0 and proceedto obtain the value (and the corresponding
layering sets)of Z(n, I;). In every step,we use optimal k-
setlayeringto nd the valueof Tj;.
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E. Experiments and Results

In this section,we conduct experimentsto illustrate the
behaior of the selectve layering scheme We also compare
its performancewith otherpopularlayeringschemes.

In our simulations,we consider10 identical videos with
the highestquality having an averagebitrate of 0.734Mbps
(JurassicPark trace from [14]). We follow [1] to model
the recever capacitiesand layering overhead.We choose
10 recever bandwidth capacities,dravn from a Gaussian
distribution, that lie in the range57.6 Kbps and 0.75 Mbps.
This choiceis justi ed becauseaecever capacitiesendto be
clusteredratherthanuniformly distributed. Sincethe layering
overheadcan vary basedon the pacletization schemeused,
we studyperformancdor layeringoverheadgperlayer)in the
range[0,28.8]Kbps. We denoteh asthe fraction of maximum
possibleoverheadie overhead=h 288:0 h 1.

We model the popularity «;;, at two levels for a more
realistic treatment.At the rst level, we draw the popularity
of a video ¢, N; from a Zipf distribution (V; = Ny
% N;oy = 100 with skew parameterd=0.271.
At the next level, we attach,to eachrecever cluster j, an
access probability, p;. The popularity of a video object V;;
is thendened as: a;; = N; p;. We use the following
accessprobabilitiesin our experiments:[0.02, 0.025, 0.04,
0.08,0.4, 0.3, 0.075,0.03,0.02, 0.01]. The intuition behind
the valueschosenis that the accessrobability of a medium,
medium-highquality recever (like a TV/laptop)is, in practice,
signi cantly larger than high end systems(like HDTV) or
low capacityrecevers like PDAs. In a practical setting, the
selective layering algorithm is run periodically (every t
time units). The popularity information collected during the
previousperiodis usedto estimatethe popularityin the current
period. N; is the numberof accessedo video i in a time
duration ¢ and p; representghe fraction of accesseshat
were from a client clusterj during the sametime window.
Exponentialsmoothingis usedto take history into account
while predictingthe video popularity and the recever access
probability for the currenttime window.

In the rst experimentwe studythe behaior of theselectve
layering algorithm. For corvenience,videos are arrangedin
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decreasing@rderof popularitiese. video-1is themostpopular
andvideo-10,the least.Figure 3 shows the transcodingeffort,
requiredat the CaT gatavay, for all video objects.It is seen
that for highly popular videos(, 2,3) almostall layers are
chosento minimize the transcodingcost. Version 5 which
hasthe highestaccessprobability alwayshasa corresponding
layer for the samereason.Theseresultsclearly showv that the
selectve layeringalgorithmprioritizesvariouslayersof videos
basedon the transcodingsavings that they can provide.

Next, we studythe effect of overheadon the selectve layer
ing algorithm. Figure 4 shows the transcodingcost expended
at the CaT gatavay, for variousvaluesof overhead available
/0 bandwidth.We start with an initial 1/O bandwidth I;,,;;
(shavn as1 on the x-axis) andkeepincreasingt. We seethat
thetranscodingeffort dropsasmorel/O bandwidthis available
since more layersare addedto eachvideo. Larger valuesof
layeringoverhead/, needmorel/O bandwidthto achiese the
sameamountof transcodingeffort aswith lesseroverhead.

In the next experiment,we comparethe greedyandoptimal
solutionsto k-set layering with two popularlayeringschemes
: additive layeringand exponential/multiplicatie layering[2],
[5]. In additive layering,a video of bandwidth R is split into
[ layersby allocating a bandwidthof R/l to eachlayer In
exponential layering, the cumulative layer rates of adjacent
layers are exponentially separatecby a factgr o > 1. ie.
ri1 = arg. ais found as follows: o = ' * £ wherer,
is the baselayer bandwidth.Figure 5 shaws the transcoding
costsavings obtainedwith differentnumberof layersin each
scheme.Additive and exponential layering do not perform
as well as the greedy heuristic becausethey do not take
into accountthe recever bandwidthdistribution. On the other
hand, the greedy heuristic plans the bandwidth allocatedto
eachlayer basedon recever distribution and popularities.We
also seethat the performanceof the greedyalgorithmclosely
follows that of the optimal algorithm (explicit enumeration).

VI. ON-THE-FLY COMPOSING

When a video is servicedas a baselayer and multiple
enhancemenlayers, somenetwork bandwidthis wasteddue
to codingand pacletizationoverhead2], [4]. In this section,
we presenta techniqueto reducethis overhead.The intuition
behindour approachis thatit is possibleto expandthe base
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Fig. 5. Comparisionof layering stratgies

layer, on-the- y, by stufng oneor more enhancemeriayers

into it. The amountof overheadthat would be eliminated
is proportionalto the number of layers composedinto the

original baselayer. This doesnot affect the layering structure
of the video on the disk but insteadusesthe sener's CPU

to dynamically increasethe size of baselayer and thereby
reducingthe numberof enhancemerityers(without affecting

the video quality). With lessemumberof enhancemenayers,

lessemetwork bandwidthoverheads incurred.Recentcoding

technique$4] canperformsuchcompactiorwith fastresponse
times.

A. Problem Formulation

EachvideoobjectV;; canfetchdifferentbandwidthsavings
basedon two factors: (i) popularity «;; (i) total numberof
layerscomposedoverheadavoided).For ary video, the band-
width savedincreasesvith the numberof layerscomposednd
sodoesthe CPUeffort spentin composingThechallengds to
decidehow to ef ciently allocatethe available CPUamongall
thevideoobjectsto maximizethebandwidthsavings. Selectie
layeringmakesthe problemharderbecausesomevideoobjects
couldbe senedusinghigherquality versionsWe rst address
the issuesthat arisedue to selectve layering andthentackle
the CPU allocationproblem.

1) Effect of Selective Layering: Due to selectve layering,
a setof video objects(sayf Vg) may be servicedby sending
out a higher quality video object (say V;;). As far as the
CPU resourceallocation problem is concernedthere is no
differencebetweenservicinga requesto video objectV;;, and
ary objectin the setf 1/g. We thereforeadjustthe popularity
of V;, as: X

Qg = oyt Qj. (6)
j2t Vg
This popularity adjustmentfor video V; is done for every
version correspondingo eachlayering point in the layering
set L; andfor the highestquality versionm;.

2) Bandwidth Savings: If every requestfor video object
Vij, is satis ed by composingthe rst k£ enhancemenayers,
thenthe amountof bandwidthsavings (B;;;) dependon the
total overheadeliminatedand the popularity o;;.

o X1t
Biji = di; Oim

()

m=1
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3) Composing Cost: The CPU effort requiredto compose
the rst & layersof videoobjectV;;. We modelthe composing
costasfollows (K¢ is a constantof proportionality):

g K1
Qi

e+
dij (Szk

Cijr = Kc Oim) 8)
m=1

4) Mathematical Formulation: After video i is partitioned
as explainedin SectionV-D, it hasSL; + 1 layers.For the
sale of clarity, we will referto theselayersasl,?2...SL;+ 1.
The ;" layer is requestedvhen a versionthat lies between
(j-1) and jt* layer is requestedThis requestcan be satis ed
by composing rst k layerswhere2 &k j. A compose
operationis possibleonly whenj 2 becausdor a request
to the rst layer no composingis possible. Hencefor the ;"
layer, therearej compositionpossibilities.The CPUallocation
problemdealswith choosingthe optimal & valuefor all layers
in all videos.Optimality is de ned in termsof overall WAN
bandwidth sarzings that can be achieved for a given CPU

availability C,. This canbe statedmathematicallyas follows:
o (S¥i+1) K j

Maximize Biji Xijk
=1 k=1

©)
J=1
f{uch tlﬁlt D op i

n <J
p il 2S5 k2 éi Cijk Xijr  Cs
22%' X,jx = lfori=12.nandj2 S;
Xijk 2 f07 1g

Where standsfor the video numberandj standsfor the
layer numberwithin eachvideo. Note that video i can have
(SL; + 1) possiblelayers.k is the parametetthat is usedto
testevery j'" compositionpossibility for optimality. X (to
be found by solving Equation9) is 1 only when k is the
optimal numberof layersto be composedor video i, layer j.

B. Solution to the On-the-fly Composing Problem

This problem can be mappedon to a 0-1 multiple choice
knapsackas done for the selectve layering problem. Here
insteadof selectingone optimal elementfor eachvideo (as
in the selectve layering case)we needto chooseoneoptimal
elementfor eachlayer in all videos.The solutionis exactly
sameasthe onedescribedn SectionV-D with minor differ-
encesin constructingthe recurrencerelation that we explain

belon. The CPU allocation problem has 2 dimensionsof

searctspacevideosandlayerswhile theselectve layeringhad

justone:videos.Thereforeto constructherecurrenceelation,

we rearrangethe problemfrom 2 dimensiongvideos,layers)
into alinear problem.Therearetotally L;,; = ?:1 (SL;+1)

contendinglayersin all. Let Z(z,y) representthe optimal

solutionfor z layerswith y units of CPU available. The goal

is to ultimately nd Z(L,.;, Cs). By makingthis changethe

problem becomesexactly samein structure,as the selectve

layering problem and hencewe can constructa recurrence
relationto solwe it asdescribedbefore.

C. Experiments

We run composingoptimizationfor the rst experimentin
Section-VE. Figure 6 shawvs the bandwidthsaved by dynamic
composingas a function of CPU availability for various
layering overheads.The curve reachesa steadyvalue when
all layersare servicedby composingand no more bandwidth
saszings can be obtained.With the increasein layering over-
head,the bandwidth savings also increasesln practice,the
on-the-fly composing algorithmis run after selective layering
is executedandthe layersdecided.

VIlI. CONCLUSION

In this study we explored a new architecturethat could
build on the strengthsof both layeredcodingandtranscoding.
We designedschemeghat would enableef cient transportof
layeredvideoin threeways:a) Usetranscodingo complement
layered coding. b) decide an optimal layering structurefor
videos to make the architecturemore scalableand manage
I/O overheadc) reducelayering overhead.
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