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Abstract

In this work the efficiency of shapinglive video streamsis
corsidered. We proposelow comgexity shapingalgorithms
adeyuatefor real-timeoperationand supportingapplicdions
with awide rangeof delay tolerane. The effect of shapimg is
investigpted consideing video streamanultiplexed at an out-
put link with a small buffer to absorbpaclet scaleconges-
tion. The adwantag of usingsmall bufferswhentransmitting
videostreamss thelimited delayanddelay variation. Conse-
quently, we conentrateon the losscharateristicsto evaluate
the performancef the propose solutions.We presenmath-
ematicd andysis basedn fluid flow modding andthetheay
of large deviationsandcorfirm theresultswith simulation.
Keywords: quality of service live videotransmission,
sourceshaping padket scalebuffering, large deviation theory

1 INTRODUCTION

Thetransmissiornf live videotraffic over thelnternetis afun-
damental problemof network design sincemary videoapgi-
cationsrequirelimited endto endpacletloss,delayanddelay
variation It is geneally aceptedthattraffic cortrol functions
mustbe employedto guaanteetheseservicerequrementsat
areasonaly highnetwork load. Theintroductionof new con-
trol functionsin the Internet,however, is a critical issue.First,
avery highnumker of networking deviceshasto beupdatedor
replacel, secoml, the comgexity of the controlfunctionsmay
limit thespanandthetransmissin capacity of the network.

Receltly researchefforts addessthis questionby propos-
ing probe basedndmint admissiorcortrol (PBAC) solutions
[6, 3] to provide qudity of serviceguarateesin awaythatthe
functioralities of the routersarekept simpleandtraffic con-
trol functionsare placedinto the hosts— or edge gateways—
only. In the PBAC schemes host,beforetransmittingtraffic
with QoSrequiremats, probeghenetwork’s transmissiorca-
pahblity by sendinga sequace of probepacletsanddecices
abautthetransmissioasednthestatisticalquartities of the
probingprocess.

While the admissioncontrol ensureghat the load of the
network staysreasonaly bourded, additiona cortrol func-
tions can be apgied at the hoststo increasethe aceptable

load, lik e traffic shapingto decreaethe burstinessf the traf-
fic streamsandthusdeaeasehe pacletlossat the multiplex-
ing nodes andforward-errorcorrectionto recover from padket
losses.

In this work we investigate how sourceshapingcanin-
creasethe efficiency of live video transmissioncorsidering
MPEG videostreamsnultiplexed atanoutptt link with small
buffer. The advantageof using small buffers is that the de-
lay anddelayvariationis strictly limited by the buffer sizean
thusonly the paclet losshasto be controlled. Sourceshap-
ing providesthefollowing favorablepropeties: i) it doesnot
requireglobaldedsion or ary modificationin the network, ii)
canimprove theservicequdity of streamswith differentQoS
requiremets andtraffic charateristicsandiii) canbe intro-
ducel in the network gradually.

We propasetwo solutionsto shapevideo streamswithout
pacletlossandwith givendelaybourd. Thefirst schemédol-
lows the ideaspreseted in [10], and determins the shape
rateconsideringthe delaybourds of all the frameswaitingin
theshape buffer. Thesecondschemesorsidersonly thedelay
bourd of the lastframein the buffer, thusprovidesa solution
with very low computationalcomgexity.

We evaluatetheperformane of theproposedchemewith
simulationand with andytical method basedon fluid flow
approxmationapplyingthetheoryof largedeviations[1]. As
thedelayanddelayvariation is limited by the buffer size,the
analysisfocuseson the pacletlosscharaterisics, asaverage
loss,the lossof shaped andunshagd streamsandthe distri-
bution of paket lossesamongthe frametypesof the MPEG
stream.

The pape is organizedasfollows. In the next sectionwe
discusgelatedworksandresults.Sedion 3 describe the sys-
tem model with the sourcesthe shapes andthe multiplexer.
Sectiond explainsthetwo shapemlgorithmswe propase,and
Section5 presentghe andytical modd to evauate the effi-
cieng of sourceshapimg. In Section6 we presenainddiscuss
numeric&resultsandin Sedion 7 we corcludeour work.

2 PREVIOUSWORK

In this sectionwe surney previous researctresultsthat in-
spiredour work on shapingandtransmisson of on-linevideo



traffic over the Internet.
Traditionalsolutionsto provide QoSguaraneesin paclet

tically idertical, pe&k ratecortrolled andleaky bucket shape
sourcesfeedinga buffered multiplexer. The god is to find

switchednetworksarebasedn perflow reserationmessages the shaperrate that minimizesnetwork resourcedik e buffer

andcapadty reserations(e.g.,RSVP),andasacorsequene,
suffer from scalability limitations [17]. To circumwent these
scalabilityproblens, several recen workshave propcsedsome
form of probebasedendooint admissioncontrol (PBAC). In

thesesolutionsthehosts(endpadnts) senda sequaceof probe
padets beforeuserdatatransmissionjo deted the level of

corgestionin the network. Thelevel of congestionandthus
thepossibilityof userdatatransmissnwith therequiredQoS
paramgersis determinedrom the statisticalquartities of the
probetransmissiomrocess,lik e probelossprobalility [6], de-
lay anddelayvariation[2] or paket markingprobablity [5].

An excellentevaluationof thevariousdesignsanbefoundin

[3]. ThePBAC schemegprovide QoSguarateeswithout the
needl of cortrol functiors insidethe network, supportQoSre-

quiremants dependingon the usersneeds, anddo not require
the conplex descriptionof the traffic streams.Our work fol-

lows the basicidea of thesesolutionsby investigating how

addtional control functiors at the hostcanincreasenetwork

efficiency.

Thetransmissiorof video streamgequiredimited paclet
loss,endto enddelay anddelay variation. Obviously, these
values depend on the size of the buffers at the routers. De-
perding onthesizeof thebuffer onecandifferentiatebetwesn
padet scalebuffering and burst scalebuffering. In the first
caseonly a small buffer is provided to absorbpacletsarriv-
ing simultaneosly, thusthe padet lossprobalility might be
high while the delay is strictly limited. In the secod case
the buffer provides enowgh spaceto absorblarger burstsand
corsequetly, limits the loss probablity while the control of
delayanddelayvariationbemmesa comgex issue[14]. The
useof paclet scalebuffering for transmittingdelay andloss
sensitve datalike codal video streamshave beenproposed
in [6, 15, 16], shaving thatlow paclet loss probablity and
high network utilization can be achieved if the pe& rate of
the streamss low comparedto thelink capacities.In [15, 16]
padet scalebuffering is proposedogethe with sourceshap-
ing. It is proved thata singlebuffer leaky bucketis anoptimal
shapein this scenaio.

The shapingof storedvariable bit rate video streamsis
widely andyzedin the literature. Recent solutionsare based
on network calcdus e.qg.,[4, 11] or theboundinginterval de-
perdent(BIND) chaacterizationof the streamd7, 8]. Only
a few works addresghe shapingof live video streams.The
mainquestiondo facein this casearethetradeof betweerthe
delayintroduced at the shape andthe available information
on thetraffic to be transmittedandthe effectivenessandthe
comgexity of traffic prediction A solutionfor shapingwith
limited paclet lossis propsedin [9]. The shapingis based
ontheBIND charaterization.The BIND paraméersarecon-
tinuously updated as the statisical propertiesof the stream
change,which seemdo be a rathercomgex processconsid-
eringthereal-timeoperdion. In [12] theauthass studystatis-

and bardwidth, while keepng the delay limited. The solu-
tion, however, cannot hardle multiplexed sourceswith differ-

entchaacteristics Algorithmsfor losslesshapingof individ-

ual streamsarepresetedin [10] and[13]. In theseworksthe
statigical quantities of the shapedstreamsare andyzed but

network scenariosare not consideed. In [13] shapingwith

delaysin therangeof 2-30 secomlsis propcsed,an adajuate
solutionfor broad@astingapplicdions. The algorithmshavn

in [10] workswith shape delays lessthana secoml. To avoid

thefluctuaion of theshaperrate thealgorithmusegastframe
sizesto predid future traffic intensity andneed to know the
lengthof a GOPin adwance.

Our contrikution to this line of worksis the definition of
shapingalgaithmswith very low conplexity thatsupportthe
transmissin of live video streamswith a wide rangeof ac-
ceptale shapedelay andtheandysis of the effect of shapirgy
whenthevideostreamsaremultiplexedat anoutputlink with
smallbuffer. To the bestof our knowledge suchresultshave
notyetbeen presentedn theliterature.

3 MODEL DESCRIPTION
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Figure 1: The consideredsystemwith MPEG sources,source
shapersanda multiplexer.

The systemmockl considerd in this pape is shovn in
figure 1. The systemincludestraffic sourcessourceshapes
andamultiplexing nodewith a singleoutpu link.

ThesourcegeneateMPEGcodal streamsthemostcom-
monly usedenmdingschene for the storageandtransmission
of videoinformation. MPEGis a family of standardsisedfor
codingvisual informationin a digital compressedormat. It
hasbeendesignedo supporta broadrangeof transmission
ratesandhene a broadrangeof visual quality. In anMPEG
streaminformationis storedasa sequene of frames,corre-
spondingto a sequene of picturesin avideg, gereratedwith
fix time intervals. Compression is achieved by eliminating
the spatialandtemporalreduindang of the informationin the



frames. Spdial redundng is deaeasedy intraframecod-
ing of theindividual frames while temporalredurdang is re-
ducedby interframecoding betwee subsegentframes.Thus
the sequene of framesconsistsof intraframecoded frames
(I frames), and interframe coded predided (P frames)and
bidirectiondly predidedframes(B frames). The subseqant
framesbetweentwo conseative | framesform agroupof pic-

ture (GOP).The GOP structureof the streamscanbe differ-

ent, depending on the requiredquality. A typical example
for the sequene of framesis IBBPBBPBBPEB. As a con-
sequaceof the codng schemeinformationlossin the three
frametypeshasdifferenteffect on the perceped visual qual-
ity. Thelossof datain anl framepropaatesforwardthrough
the next GOPandbadwardto the last P frame (affectingup
to 14 framesif the numbe of framesin anopenGOPis 12).
Mearwhile, thelossof datain a B frameonly affectsthatpar

ticular frame.

The intra- anditerframecoding resultsin the fluctuation
of the frame sizeson two timescales.The intraframecoding
compessecompex scens with lessefficiency, and conse-
quently, the framesizeschangeon the long termat the scene
changes.Theinterframecodingleadsto shorttermframesize
fluctuation,sincel framesareusuallysignificantly largerthan
P frames,andP framesarelargerthanB frames.Thescaleof
thefluctuationis abouta factorof 3 onthelong, anda factor
of 10 ontheshortterm.

Shapes are usedat the source to decrasethe frameto
framefluctuation of the codel video stream. The shape we
usein thiswork is asinglebuffer leaky bucket, asit is proved
to be optimal for networks with small buffers [15]. Frames
leaving the enmder are storedin the shaperbuffer and are
transmittedwith a given transmissiorrate. The shaperis de-
signedto introduce limited delay and provide losslesdrans-
mission,thatis, no datacanbe lost dueto buffer overflow or
delaylimit violation. To achieve this, the shapetransmission
rate hasto be adjusteddepending on the size of the arriving
framesandthe buffer sizehasto be large enaighto storethe
frameswaiting for transmissionlf theframesarrive ataregu-
lar basisthe maximumnumbe of framesin the buffer canbe
boundedby theratio of thedelaylimit to theframeinterarrival
time.

The shape video streamsare multiplexed at a network
node with a single output link. Sincethe arrival rate of the
streamscantemporarilyexceedthe capaity of the outgang
link, the nodeis equippedwith a buffer to storearriving data.
In thiswork we conside paclet scalebuffering, thesizeof the
bufferisin theorderof theratio of theoutpu link transmission
capacity to the peakrateof thevideo streams.

4 SOURCE SHAPING ALGORITHMS
FORLIVE VIDEO STREAMS

In this sectiontwo algorithmsareproposedo cortrol therate
r of the sourceshape when transmittinglive MPEG video
streams. Both aim to minimize the maximum andthe vari-
anceof thetransmissiomate,andfulfill thefollowing require-
ments:

i) Thetransmissiomelay in theshapeoes notexceedthe
predefnedmaximumshapedelay andtheshapings lossless

ii) The algorithmsaresimplein termsof the complexity
of the shapemrate calcuation andthe amouwnt of information
consideredarequiremento assistreal-timeopeation.

iii) The algorithmsprovide efficient solutionfor shapiry
with alargerangeof shape delays.

iv) The algorithmsdo not requireary apriori information
on the en@ding schene of the videq, i.e., the numker and
sequeneof |, PandB framesin aGOPR

Both of the algorithmsassumehat the shape candetect
thetype of the arriving frame. In generd thefollowing rules
applyto selectthe shaperrater:

1. The shaperrate canbe changedat ary timet whena
new frameis gereratedandplacedinto the shape buffer.

2. Theshaperateis increasedf thenew framecannotbe
transmittedwithin thedelaylimit d.

3. Theshaperateis deadeasedf thenew frameis of type
I, andall thetraffic in theshapekbuffer canstill betransmitted
within the delay limit. This rule is basedon the assumption
thatsmallP or B framesdo notindicateintensitychargein the
video stream.To decreaefluctuation,the new shaperrateis
calculate asthe averageof the currentrateandthe minimum
rateallowedby thedelay limit.

4. P andB framesenteringthe shape whenthe buffer is
emptyaretransmittedvith aratesuchthattheframeleavesthe
buffer beforethe new framearrives,i.e.,in oneframetime, in
orderto prevent the shaperfrom keepng databeforelarger|
andP framesarrive.

The two propasedalgorithmsdescribe in the following
differ in applying rule 3. Thefirst algorithmis optimalin the
sensethattheresidualaceptalte delayis consideredor all
the framesstoredin the shaperbuffer to determinethe mini-
mum shaperate. The secand, simplified algorithmdoes not
follow the delays of the individual framesin the buffer, and
calculates the shape ratebasedon the buffer content only.

Shaper rate control based on residual transmission delays

The algorithm basedon residualtransmissiordelays (RTD)
works asfollows. For every frame enteringthe shape, the
sizeof the frame f; andits latestdeparturetimeti =t +d is
recorded The minimum shape rate ryin(t), allowed by the
delaylimit is calcdatedas

fo(t) + 252% fioNtj1

Irmin(t) = max
tiNgj+1—t

n<N

; (1)



whereN is the number of framesin the shape attimet and
fo(t) is theresidualsizeof thefirst framein the buffer attime
t. Theresidualsizeis lessthanthe original framesizeif the
transmissiorof theframehasalreadystarted.

Thecomgexity of theshape ratecalaulationis O(N?) ad-
ditionsandO(N) divisions,wherethe value of N is bounded
by d/Ttrame In additionto the actwal shape rate, the shaper
hasto remembe the size andthe arrival time of the frames
waiting for transmissionA systenrclock hasto bemaintaired
andreadat eachframearrival.

Shaper rate control based on the buffer content

This solution does not recordthe residualaceptabletrans-
missiondelayfor the frameswaiting in the shaperbuffer, the
shape ratecalcuation is basedn the buffer conter (BC).

Whenframei arrivesto the shaperits sizeis added to
theamaunt of datain the shapemb(t) = b'(t) + fi(t), deroting
the buffer ocauparcy beforethe framearrival asb/(t). The
minimum shaperrateis calculat& consideringhe buffer oc-
cupang atthetime of thenew framearrival:

b(t)
d )

To avoid delay bound violation for framesstoredin the
buffer, the shape rate canbe decrasedonly if the buffer is
emptybeforethenew framearrival (i.e.,b’(t)=0), asignificart
corstraintonrule 3 above.

As a consegene, this simplified BC algorithm follows
the decreaing intensity of the streamwith somedelaycom-
paredto the RTD solution. The conplexity of the BC algo-
rithm, however, is very low (oneaddtion andonedivision at
ead framearrival), thereis noneedfor systenclockinforma-
tion andonly thenumbe of byteswaiting in the shape buffer
hasto be stored.

Fmin(t) = 2)

5 ANALYTICAL MODEL

In this sectionwe presentan analyticd methodto calculate
the overall paclet lossprobalility andthe distribution of the
padketlossesamorg sourceatamultiplexerperformingpaclet
scalebuffering.

The analysisis basedon the fluid flow moceling of the
traffic streamsand usesresultsof the theory of large devi-
ationsto approxmate probailities of rare events. A short
summaryof the basicideasbehird the large deviation theay
is presentd in [1], Chaper 14.3.

The long term overall paclet loss probalility Pssis the
ratio of the averagepaclet lossrateto the averagepadet ar
rival rate:

! / (At —c)dP,
At>C

m

®3)

Ross= %E{O\t _C)+)}

wherem is the meanrate of the multiplexed flows, A; is the
instantaneos arrival rate, P is the probalility distribution of
the instantaneusarrival rateandc dendesthelink capaity.
We canexpressBh ossWith theinstantaeoudossprobalility p;

as N N
Ploss= E{pAL. G @

Largedeviation theoryprovidesa way to appoximatetail
probaliliti eslike P{A; > c} andthusthelossprobalility.

First we introduceP;, the shifted probéility measureof
At, suchthat

where p; =

ePM
=—_dP, where Y(B)=E{e™},

(5 ©
andp(B), thecumdantgeneatingfunctionas
M(B) = Iny(B). ©)
Fromthis, the original probaility canbe expressedas
dP = e PAy(B)dP. (7)

This shifted distribution can be accuately apprximated
aroundits meanm() = Eg{A¢} by anormd distribution with
thesamemean. Since 3 is afreeparametem(p) canbemoved
to thevalue of interestfor thetail probaility, in our caseto c.
Thecorresponihg value of 3, dendedby 3* is givenby

m(p*) =c. ®)

Fromthedefirition in Eq.6 m(B) = 1/ (B) = Eg{\¢}, ando?(B) =
m (B) = ' (B) aretheexpectel value andvarianceof theshifted
distribution Ps. Consegently, if A; is not consta (its vari-
ance a?(p) is positive), thenm(p) is strictly increasingvhere
M(Ar) is finite andequaion 8 hasa unique solution.
Theevaluationof theintegral in Eq. 3 leadsto [1]

1
Varmp-o(pr)

Theabove calculatel overall lossprobalility givesalsothe
lossprobatility of theindividual streamsf they havethesame
charaterisics. However, thelossdistribution amongstreams
with different charaterisics will be uneven. Assume,that
pacletsarriving in overloadperiodshave the samdossproba
bility independently of thesourceof thepaclets. Still, sources
senda different proportion of paclets during theseperiods.
For bursty streamghe burstsare correlatecto overload peri-
ods asthey are causingthe overloadthemself. As a result,
bursty streamsxperiencehigherlossprobalilit y thansmooth
ones.

The loss distribution amang source in the caseof burst
scaleoverflow canbeestimatecasdescribedn [1]. Similarly
to Eq. 3, thelossprobaility of theindividual streami is equal
to

o BoHUBY).

(9)

Ploss~

i _ 1 (i
P E{pA"},
m { t }

loss ™

(10)



wherem; is the meanrate of the stream,)\t(') is the instanta-
neaisrate,andp is thelossprobability attimet.

The probalility shift methodcan be appliedin this case
aswell. Assuming,thatthe probaility thatA; significartly

exceedsc is very small, H(c',)ss canbeappoximatedas

i
Rloss

H 0ss

To calcuate the overall loss probaility using Eqg. 9 and
thelossdistribution amorg thesourcesusingEqg. 11 thevalue
of B*, m(B*), oi(B*) andm(p*) hasto bederived. Theseval-
uescanbe expressedn closedform if )\t(') andA; have some
standarddistribution (e.qg., for normd distribution). In the
caseof real sources,hwever, they have to be calculded nu-
merically Assuming,that the distributions of the individud
streamsare known from measwements,andthe multiplexed
streamsare independent, the following systemof equdions
hasto besolved

mm; (B*)

e m (11)

m(B*) =c (12)
m(B) = > m)(B) (13)
o’(B) =Y o*(B) (14)

SEEN} epden’y

Ee'}  E(e)
(15)

w&m=%mﬂﬁﬁ:

2 d? NG
o (B) = d—BZInE{eB t}=

e e e} BN
E{eBM(D}Z

(16)

6 PERFORMANCE EVALUATION

In orderto assesghe effectivenessof the proposedsource
shapingsolutionswe conside the statisttal quartities of the
shapéd video tracesand paclet lossstatistcsin caseof mul-
tiplexing video streamsat a single node with paclet scale
buffering. The presentedesultsare basedon the analytical
methoddescribedn section5 andon simulationsusingns-2.

Theconsideedscenaio is shavnin figure 1. It consistof
n independent sourceggereratingMPEG video streamssin-
gle buffer leaky buckets assourceshaperanda multiplexing
noce. Eachstreamis shapedvith somedelaycorstraintand
then multiplexed at the nodewith a small buffer to resohe
padet scalecorgestion.

We presemresultsfor two MPEG-4video tracesa soccer
game with an averagebit rate of 1.1 Mbps and a talk shav

with an averagerate of 540 kbps. The tracesare approx-
mately 3600 seconls, thus 90000 frames,and 2700 second,
thus6700 frameslong. The framesof the MPEG tracesare
pacletizedto 188 bytes,asgiven for the transportstreamin
the MPEG-2standardIEC61883].

Throughoutthesimulationswe conside a singleoutgoirg
link at the multiplexing nodewith a capacity of 45 Mbpsin
the caseof the socer game andof 22.5Mbpsin the caseof
the talk shov. We chocsethe link capaities propationally
to the averagerate of the streams. This solution allows us
to compare resultsat the samelink utilization and level of
statigical multiplexing. The multiplexing buffer canstoreup
to 15 padets.

Trace statistics

First we corsider the statisttal propeties of a single video
streambeforeandafter shapingfor differentvalues of maxi-
mumshape delayd.

Figures2 and 3 shav the number of transmittedbits in
a frametime for the original and shape traceof the socce
gameandthe talk shov respectrely. The maximumshape
delaysare 40 ms and 120 ms, the shapng is performedus-
ing the BC shape algorithm.Eventherelatively smallshape
delayof 40 msallows a significant redudion of the ratefluc-
tuation. The maxmum transmissn rate is deceasedirom
3.6Mbpsto 3Mbpsfor thesocce gametraceandfrom 3.1Mbps
to 2Mbpsfor thetalk shav trace.
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Figure 2: Numberof bits transmittedin a frametime for the soc-
cer gametracewithout shapingandwith shapingfor d=40 ms and
d=120ms, usingthe BC shapemlgorithm.
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Figure 3: Numberof bits transmittedin a frametime for the talk
shav trace without shapingand with shapingfor d=40 ms and
d=120ms, usingthe BC shapemlgorithm.
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Figure 4: CoV of the shapedsoccertraceversusmaximumshaper Figure5: CoV of theshapedalk shav traceversusmaximumshaper
delayd, consideringhe BC andRTD shapingalgorithms.

delayd, consideringhe BC andRTD shapingalgorithms.
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Figures4 and5 show thecoeficient of variation(CoV) of
thetracesdefinedas

Ne 3 e @) 1
i;(¢(I)— Noop )Z*E{¢}

where Ny, is the numkber of framesin the trace, ¢(i) is the
numker of bits transmittedn theith frametime andE{¢} =
E{f} is the averagenunmber of bits transmittedn oneframe
time. The CoV is calaulatedusingthe moving averageover
oneGOPtime asmeanvaue. This way the CoV reflectsthe
frameto frameratefluctuaionswithouttheratevariationdue
to thescenecharmgesin thetrace. Thetwo curvesin thefigure
shaw the CoV valuesfor thetwo propasedshapimg solutions.

The graphsshaw that for small values of shape delayd
the CoV deaeasesvery rapidly, refleding that a delay of a
couwple of frametimes(20-80ms)allows the smoothingof the
transmissiomatesof conseative |, P andB frames.At larger
delays the mamginal gain decreaessignificantly.

Thetwo shapingmethalsresultin similar chargesin the
CoV vaues. As expected the RTD methoddecreaesthe
rate fluctudions better For large values of d the difference
is around20%in thetermsof CoV reduction sincethe RTD
methodcanadjustthe shaperatemorepreciselybasednthe
information maintaing in the buffer, while the BC method
over- andundeestimateshe shaperateandhasto make cor-
rectionslater As the differenceis not significant, dueto its
simplicity we focuson the BC methodin thefollowings.

CoV =

— %

Ner
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Packet loss probabilities

In this partwe investigate the averagepadket loss probaility
of multiplexedvideostreamssafunctionof theaverageload,
definedby theratio of thesumof themearratesof thestreams
to the link transmissin capacity. The presentedesultsare
basedon mathemécal analysis simulationresultsareshavn
to demorstratethe accuacy of the method.Simulatiors were
run20000to 100000 second@to have enaughlosseventseven
in the caseof lossprobabilities in theorder10-°,

We show resultsfor shapingthe talk shav tracewith the
BC method To seethe effect of introducingshapinggradu-
ally at the sourcestwo scenaios are considerd. In the first
oneonly onestreamis shape, while all the othermultiplexed
streamsaretransmittedunshged. In the secom scenaio half
of thestreamsareshape atthesource.

Figure6 shovs thelossprobalility of the shapé andun-
shapé sourcedor shape delaysof 40 msand120msin the
caseof 1 shapé source. Figure 7 shavs the resultsfor the
scenaio wherehalf of the sourcesreshapedFigures8 and9
shaw therelative lossprobalilitiesof theshapé andunshaed
sourcexompaedto the averagelossprobaility .

The numeical resultsare validated by simulation. The
resultsrefled, thatthe mathematicalanalysisworks well for
lossesup to 102, thenslightly overestimateghe lossproba-
bility asa consegenc of thelarge deviation approxmation.

Comparingfigures 6 and? it canbe seerthatshapim half
of thesourceslecreaesheoverall lossprobalilit y by rougHy
oneorderof magritude. Theresultswith differentshapede-
lays shav thatin the caseof the consideedtalk shawv trace,
shapingwith adelay of 40 msis almostasefficientasshapirg
with adelayof 120msin thetermsof redudng thelossprob-
ability. For the socce traceshapimg with a delay of 120 ms
hasa slightly biggereffect. This is dueto the lower ratio of
temporalredundiey which induceslower pe& to meanratio.

The resultsshav in Figures8 and9 thatthe deaeasein
thelossprobality achieved by shapirg the sourcesncreass
astheaverageload,andthusthelossratedeaeasesSincethe
desiredossprobability of video streamds in theorder10°,
the differencecanbe up to 35%, even if only one streamis
shapedThegain achieveddependson the streamchaacteris-
tics, for thesocce tracethe experiencel gain wasless,arourd
20%atalossprobalility around10°.

Packet loss probabilitiesin I, P and B frames

In additionto theaveragepaclet lossprobalility of thestreams
it is worthwhileto evaluatethe paclketlossprobalility in indi-
vidualframetypes sinceit affectsthepercetedvisualqudity.
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Figure 10: Relatve paclet loss probability in 1,PB framesof the
shapedand unshapedstreamsfor d = 120 ms, half of the streams
shaped.Thetalk showv traceandthe RTD shapingalgorithmis con-
sidered.Simulationresults.

Figure 10 shavs the paclet lossprobaility in |, PandB
framesrelative to the average loss probalility for the shape
andunshagdsourcefor thescenariavhenhalf of thesources
is shapedvith a maximumshape delayof 120 ms. Thefig-
ure shavs thatwhile in the caseof unshagd sourcedheloss
probalility in thel framesis thehighestupto 100% aborethe
averaee lossprobaility andthatin the B framesis thelowest,
in the caseof shapedsourceghe loss probaliliti esin the in-
dividud frametypes are rougHy the same. In the | frames
thedecraseof lossprobalility is around60%. Conseguently
aslossedn thel framehave a significart effect on the visual
quality, the positive effects of the shapiny include not only
lower loss probability but also the improved distribution of
thesdossesamorg theframetypes.



The presentd resultsshav thefollowing effectsof source
shaping Consideringhe tracestatistcs, shape delaysin the
20-40msrangedeaeasethe CoV of the streamsignificartly,
highe delays introducedecreaing mamginal gains. Compa-
ing thetwo propasedshapingalgaithms,thesimpleBC algo-
rithm worksratherwell, especiallyatsmallshapedelays. Re-
sultson multiplexing the video streamsat a multiplexer with
small buffer shav that the shapedstreans experiencelower
loss probabilities than the unshagped ones, the differenceis
abaut 30%. The graduwal introdudion of the sourceshaping
in the network hasa significant effect, the loss probalilities
deaeasewith one order of magrtude if half of the sources
adqot shaping. The positive effect of shapingis reflectedby
the distribution of lossesamongthe differentframetypesin
thevideo stream.Multiplexing unshagd streamgesultshigh
lossprobability for thel framesthislossprobaility decreaes
significantly if thestreamis shape.

7 CONCLUSION

In this paper we propsedand evaluatedsolutionsthat assist
livevideotransmissiomverthelnternet.Speifically, we con-
sideredhescenariowhenthe MPEGcodedvideo streamsre
shape at the sourcehostand network routersprovide small
buffers to resole padket scalecongestion, motivated by the
currenttrendsof designingraffic controlsolutionswherethe
mainideais to addfunctionsto the hostsandkeep the opera-
tion of the network routerssimple.

We propcsedcomputationally simple shapingalgorithms
thatareadegiateto shapdive videostreamsvith awiderange
of delaytolerane attheshape andprovided andytical method
to evaluatethe efficiency of the proposedsolutions.

The andytical andsimulation-basegerformare evalua-
tion proved thati) a simpleshaperalgorithmbasedon buffer
ocaipany anddelaylimit resultsin efficient shapingn mary
casesiji) evenshapimg with very low delaybound, adeqate
for real-timeapgications,improvesthe performarmein terms

of paclet lossprobalility andthepadcetlossdistributionamong[13]

thedifferentframetypes;andiii) shapingprovidesamearsto
improve the qudity of individual video transmissiongven if
notall the hostsshapeheir traffic.

Finally, asongang work we furtherinvestigatethe meth-
odsto assisvideotransmissiorover theInternet.Spedfically,
we areinterestedn the efficiency of sourceshapingversus
buffering attheroutersandbufferingversusorwarderrorcor
rection.
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