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Abstract. Emeging high speednetworks give rise to new classesf applicationslike teleconferencingr

video-on-demandavhich demandQuality of Service(QoS).To provide QoS supporton an end-to-endbasis,
the demandof integrating network, transport,and operatingsystemappearssince applicationscompetefor

network accessprocessotime and QoS guaranteesThis paperdiscussefoSrequirementgo the transport
andoperatingsystem Severalapproachefor QoSmanagemergchemesarediscussedndproblemsdentified.
A possiblesolutionis presentecand explainedwhich operateson end-systenmanagementn the basisof

an admissioncontrol for resourcesFurtherQoS specificationon the basisof a structureddescriptionof the
applicationdatacontentsat the transportsysteminterfaceis presentedA genericdescriptionis presente@nd
theresultingmanagemerfunctionalitiesinsidethetransportsystemarediscussed.
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1 Intr oduction

The provision of a specificquality of serviceto distributed multimediaapplicationssuchas conferencingappli-
cation sharingor virtual desktopamposesnew requirementon datatransmissiorand the managemenof the
end-systemSuchrequirementarefor instancehigh throughputfasttransferrates,including errorfree delivery,
andtime guaranteesThe network mustnot only provide fastdatatransferbut alsoguaranteedlelivery. Continu-
ousmedia,like audioandvideo have to be deliverederrorfreeto the userunderwell definedtime constraintgo
achieve thedesiredquality duringthe presentationAchieving guaranteedgnd-to-endielivery in networkedcom-
putersystemawill requirethesolutionof severalmultimediaspecificcontrolmanagementroblemsatend-system
andnetwork levels. The layeredarchitectureof end-systemanplies considerablelatamovement Differentcom-
municationlayersmay alsohave differentprotocoldataunit sizes.If theupperlayerwantsto transmita largedata
size thedataunitshaveto bebrokeninto thesizerequiredoy theunderlyinglayer This sggmentatioris performed
by the senderandthe underlyinglayer’s dataunits mustbe reassembledt the recevver. Generallyspeaking gv-
ery communicatiorayer hasits own understandindor the quality of service.Thatimpliesanadequatenapping
betweerthesedifferentlayers.Over the pastyears,substantiatesearclreffort hasbeenmadein designingarchi-
tecturessupportingguality of service Researcheralsodealtwith new transportprotocolslike VMTP [8] or XTP
[16] to give adequatsupportor variouskindsof traffic over networkswhich offer noguaranteedlith ATM [2], a
guaranteeingetwork technologywith hugeavailablebandwidthhasbeendeveloped It providesspecificsupport
for connectiormanagemenfjow control,congestioravoidance sggmentationreassemblingndroutingmaking
similar functionalityin transporiprotocolsredundantSeveralapproachebave beendevelopedaddressinghe en-
hancemenof architecturaframavorkswith QoS[1,5,11,12,10,6,4]. But currentarchitecturaframavorkslacka
QoS-basedpplicationprogrammingnterface(API) andtransporimechanismshatsupportend-to-endQoS[12].
Henceapplicationsuseapplicationlevel protocolsto take careof their dataand mostly negotiatetheir demands
directly with the network (pure ATM interface)[12]. This leadsto a decentralizedlatamanagemenat the end-
systemwhich suffersfrom concurrentaccesgo processgrmemoryandnetwork. In suchsituations end-systems
canslow down or evenstopexecutingapplicationr receving datafrom thenetwork dueto high buffer utilization,
exhaustve processousageor bad applicationmemorymanagementSincereceving and sendingdatahashigh
priority in end-systemgheexchangeof largedataamountsanleadto disturbancef normalapplicationbehaior.
In spiteof fasterprocessorandbetterhardwaresupportthe end-systenbbecomeghe bottleneckwithin the entire
ervironment.

1.1 Abstraction layers

Thereareseveralabstractiorayersbelov thevisible interfaceat the end-systemuserlevel; applicationlevel and
systemlevel, including communicatiorand operatingsystemservices.Sinceall layersinclude servicesa QoS
configuratiorhasto be consideredn all layers.TheusedQoSspecificswithin thesdevelsare:
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Userlevel: Here,quality of serviceis usually describedn termsof mediaquality and mediarelations.Media
quality includesthe characteristicef sourceanddestinatiorandthe “humanfeeling”. Mediarelationsspecify
relationshipamongthe streamgransmittedsuchasinter- or intra streamsynchronization.

Application level: Within the applicationlevel quality of serviceis describedn applicationorientedparameters
of the media,resultingfrom the userrequirementsand applicationused.Suchparametersre for instance
framerate,picturesizeor therequestedjuality in termsof codingformatsor bit depth.

Systemlevel: QoS parametersiescribecommunicatiorand operatingsystemrequirementsywhich mustbe de-
rived from the applicationQoS. Theseparameterseedto be specifiedin qualitatve andquantitatve terms.
Quantitatve criteriaarethosewhich canbe measuredwhile qualitative criteria specifythe expectedservice.
Thesystemlevelis dividedinto two partswhich haveto behandledogetheto ensurgherunningof networked
applications.

Communication level: The network QoSparametersiave to be specifiedin termsof network load andnet-
work performanceHence calculatedraffic parameterslependn network QoSparameterandarespec-
ified in atraffic contractHereQoSis expressedn termsof lateng, throughputJossandburstcharacter
istics.

Operating systemlevel: Theserequirementaretheend-systemesourcesequiredfor executionof the pro-
cessesSuchresourcesrethe CPU,accesgo devices,mainmemoryandsystembusbandwidth.In order
to give adequatesupportto the user the requirementsiave to be mappedaccordingto the systemQoS
parameters.

Theaimof thiswork is theestablishmendf anapplicationrelatedinterfacefor QoSspecificationFromthat,a
systematienappingontoend-systemandnetwork resourcesaswell asthemanagemertf theavailableresources
canbe derived. The next sectionillustratesthe currentsituationin end-systenmanagemenand discusse®sther
approachegvhich tacklethis problem.After thatour approactof anintegratedQoSmanagemerin end-systems
is presente@ndtheinterfacesandstrat@iesarediscussedA future outlookconcludeghis paper

1.2 Current Situation in End-systems

Applicationscan specify their requirementgacing the communicatiorsubsystemMostly only quantitatve pa-
rameterdik e throughputor delay canbe specifiedat a very low level. Applicationsare not ableto specifytheir
requirementgo the operatingsystembecausef the lack of knowledgeaboutit. Furthermorethereis hardly a
possibility to specifyall resourcesn their quantity neededor executionof the task. For transmissiorof data
further processesgathertheinitiating arenecessarysoindirectresourcesreneededwhich cannotbe influenced
by the applicationprocessThis is for instancehe memoryusedby or the CPU-timeneededor the executionof
the communicatiorprotocol. A first stepin the right directionwas madewith the AQUA-framework [17], where
operatingsystenresource®ecomentegratedwith the QoSmanagemerih theend-systemBut it is not sufficient
to scheduleoneresourceratherthe consideratiorof all available resourcesandthe granularityof the specified
requirementss importantfor the powerful managementf all applicationdn anend-systemSimilar approaches
dealingwith resourcenanagemerandQoSmappingcanbefoundin [17,7,3] and[14] . Butto someextendthey
try to restrictthe applicationsn their behavior insteadof introducinga resourcenanagement.

2 Integrated Managementof QoS

Integratedmanagementf QoS meansthe consideratiorof the userrequirementspperatingsystemconstraints,
network resourcesandapplicationrequirementsAll of theserequirementhave to be broughttogetherinto one
modelto give adequatsupportto applicationsattheend-system.

2.1 Central Resouce ManagementComponent(RMC)

The intention of this centralRMC comesfrom the problemof addressingdoth operatingsystemand network
management.

In orderto give adequateupportto the application anintegratedapproachs necessarpbecaus@f the useof
indirectresourceandthe mutualdependencef the differentmanagementomponentsSo a clumsyscheduling
of resourceandnetwork parametergor oneapplicationcanwasteresourcesandin spite of that not satisfythe
userrequirementsThis RMC worksasanadmissiorcontrolfor applicationsvhich needguaranteefor execution
and transmissiorbandwidth.It can be statedthat this approachs not suitablefor an overall schedulingat the
end-systemThis approaclis only necessarjor someapplicationdik e video applicationsor the collaborationof
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severalpeopleatasharedapplication All otherapplicationsvhich arenotableto specifytheirrequirementsr do
not needguaranteefrom the end-systemare definedasbackgroundapplicationsandhave to sharethe available
resourcesnot usedby thescheduledpplications.

As shavn in Figurel, the RMC is responsibldor the schedulingandallocationof operatingsystemandnet-
work resourcesk-urthermorea systematianappingof quality of serviceparametersanbeachiezedby providing
an application-orientedhterfacefor describingthe requirementsi-rom theserequirementshe specificdemands
of the applicationhasto be derivedin connectiorwith the knowledgeaboutindirectresourcesvhich areneeded
for theexecutionof theapplication.

2.2 Operating SystemManagement

The operatingsystemhasto provide aninterfacefor the specificatiorof the applicationrequirementsn termsof
neededCPU-time,memoryanddevices.Thereforeanoperatingsystems neededwherethe specificatiorof such
parameterss possibleandtheoperatingsystenitself hasknowledgeaboutthe executiontime of its own processes.
A further importantfeatureis the supportof real-time applicationsby introducing a real-time personalityfor
efficient accesgo the operatingsystemresourcesturthermorehe operatingsystemshouldprovide information
aboutthe capacityof systemresourcesand currentlyrunningapplications.This informationcanbe usedby the
RMC to determinethe importanceof applicationrequestandthe availability of systemresource®r devices.On
start,every applicationnegotiatesthe resourcest needsby passinga setof QoSparameteto the RMC. This set
consistof qualitative parametersuchas

videoframerate

videopicturesize

colormodel

audioquality (like phoneradio,CD, mono/stereodr quantitatve parametersik e
busbandwidth,

- CPU,

— memory

By useof amappingdatabasethe RMC corvertsthe qualitative to quantitatve parametersTheseparameters
shouldbe asmachineindependenas possible For schedulinga CPU specificdescriptioncanbe derived by an
algorithm-specifidescriptioncalledProcess-MiXPM) (1). This consistof aproportionof theratebetweerinte-
ger (IPU), Floating-point(FPU)andMemoryInstruction(MPU). Thistriple is eitherwell known (e.g.,for MPEG
decoding)or canbe determinedy a simpleinstructionprofiler which scanghe appropriatgart of the program.
Weightedwith a CPU-specifidriple, a perinstruction-codgPIC) canbe calculated(2). This PIC multiplied by
the given numberof instructionsdivided by the CPU frequeng is the part of the CPU this applicationtakes.In
combinationwith thefrequeng how oftenthis codeis executedpertime theresenationfor the scheduleis made

3).

PM = {IPU,FPU,MPU} 1)



PICcpy = PM x CPU (2)
Ingrucions

Schedkes= PICcpy * “Frear, loops ©)

2.3 Network Management

The integratedmanagemendf quality of serviceis necessaryor an efficient supportof applicationsn the end-
systemandend-to-endetweertheinvolvedhosts[9, 15]. In our modelanapplicationlevel interfaceis described,
which allows a high level specificationof the quality of servicedemandf the application.Theserequirements
aremappeddown to the network andaretranslatednto network parametersf the underlyinglayers.Fromthere
aresenationof bandwidthandthe negotiationof the parametersvith the correspondingnd-systentanbedone.
ContentdependediatahandlingThe OSI referencenodelinsistson the separatiorof applicationdependenand
transportdependentayers.So the knowledgeon applicationspecificsis hiddenfrom the transportsystem.This
is partly negatedby specifying QoS parametersgor connectionsBut the transportsystemcan only adaptthe
bandwidthandbuffer spaceaccordingo theadjustment®f theapplication.This doesnot preventtherecever of a
datastreanfrom handlinguselesslatamostimportantout of time data.Ourapproactavoursacentralscheduling
insidethetransportsystemto controltheload at the end-systengeneratedy network accessNetwork resources
arecountable Thereforean intelligentresourceandan admissioncontrol are needednsidethe transportsystem
to preventinstableconditionsdueto lack of buffersandprocessingapabilities.This centralschedulingcanonly
be efficient with the knowledgeof the datacontenttransportedhroughthe network. With this knowledgeand
on the basisof a priority schemethe sendingentity candecideto drop lessimportantdatain timesof network
congestionThe receving entity can make decisionswhendatais lost or is being corruptedinside the network
without transportingall datato the application.So a betterend-systenperformancecan be achiezed and more
resourcesan be madeavailable for userprocessesin our opinion the quality of serviceparameterspormally
givento thetransportsystem(bursts,bandwidthandrate),arenot enoughto handlethe datain a contentspecific
way. Most dataitems have several parts,becausepplicationsusually take a sort of containergo transportthe
needednformation.A containercanbe a headeyrin which the structureof the following informationis coded,
a real containerlike it is usedin RTP, or a similar kind of packagejn which the informationis transported.
Furthermoreapplicationdataitself is structured Usually thereare partswhich areindependentand partswhich
dependneachother Thisis veryapplicatiorspecificanddepend®nimplementationstandardandusedformats.
Most applicationsusethe samestructurefor every dataitem transmitted so that the structurehasto be given
to the transportsystemonly onceat connectionsetuptime. By providing this information additionally to the
normal Quality of Serviceparametershe transportsystemis ableto handledelayandlossconstraintsn a more
specificway accordingo therequirementsf theapplication.Theapplicationhasto provide a descriptionof their
Application DataUnit (ADU) in termsof type, structure dependencieand priorities. The following structures
giveageneralADU definition.

define enum { repeat, repeat_if_possible, no } ERR;

typedef struct A

short priority; /* relativepriority insidethe ADU =/

short  depend[5]; /* array with sgmentnumbes */

ERR err; /* way of error contmol for the sgmentx/
} SEG;
typedef struct A

short num; /* numberof sggmentsx/

bool adu_type; /* typeof the ADU */

u_long delay; /* maxdelay*/

SEG seg[num] ; /* array of informationaboutsegments«/

} ADU;

typedef struct A

long max_frame_size; /* max.sizeof theframe givento thetransportlayer/
long max_frame_rate; /* ratein sec-1x/

float loss_rate; /* overall lossratefor theconnectionk/

ADU adu;

} QoS;



The ADU descriptionconsistsof an ADU type, a delayanda varying numberof segmentdescriptionsThe
adutype canbe usedto specify distinct applicationcoding formatslike MPEG, MIJPEGor RTPR, if thereis a
databasevheresuchdescriptionsare stored.At the momentthe adutype is usedto definewhetheran ADU is
structuredor not. The delayis specifiedfor every ADU type to allow differentdelaysfor differenttypesof an
ADU. Soit is possibleto distinguishbetweendataand control informationinside the transportsystemand use
differentconnectiondor them. The segmentdescriptioncontainsinformationaboutthe priority of the sgment
inside the ADU, which canbe usedfor discardingstratgiesinside the transportsystem.Discardingof whole
ADUs could occurif the transmittingapplicationbroke the QoS contract,the network is too busy, not all parts
of the ADU aretransmittecerrorfree or the receving applicationcannotconsumeat the transmittedrate.Further
dependcharacterizethe dependenciebetweerthe variousseggmentsinsidean ADU. If a paclet of an ADU is
lost andcannot be retransmittedn time, the protocolcanobsene the dependencieanddrop alsothe resulting
uselespaclets.Theretransmissioalgorithmatthereceversidedepend®ntheerrorcontrolgivenfor asegment,
a morefine grainedapproachthanonly on the basisof alossrateandgaplossof the whole mediastream[13].
Onthesendessidethe applicationnegotiatesa QoScontractwith thetransportsystemby providing this structure
additionallyto the normal QoS parametergor the connection During transmissiorthe applicationonly hasto
provide the ADUs and an array with the length of the segments.So the transportsystemcan executean user
orientedsggmentatiorin the caseof anunderlyingATM network into AALS pacletsby utilizing thelengthof the
segmentsandsetprioritiesfor theresultingAALS PDU’s accordingo the correspondingegmentdescriptionslf
thenetwork loadis too highto sendall pacletswithin therequestedime, low-priority pacletscanbediscardedIf
oneAAL5 PDU s lostonrecever side,therecever candetectthe correspondingegmentandthe dependencies
and executesthe error control provided for the segment.If thereis no time left for retransmissionghe whole
segmentand all dependingsegmentsare discardedor if necessaryhe whole ADU. This canalsoapply if the
receving applicationcannotconsumehe streamat therequiredrate. Theneitherthewhole ADU or partsof it are
discarded.

Fig. 2. Dependenciewithin aGOPin MPEG

With this structurevariousdescriptionc£anbe made Oneexampleis givennow for thedescriptiorof aMPEG
streamThereareseveralopportunitiesOnthe onesidethe applicationcandescribehe compositiorof theframe
asan ADU andon the otherside you candefinea Group Of Pictures(GOP)asan ADU. Thenyou describea
frameasasegmentof the ADU. Figure2 shavsthedependenciewithin aGOR If P-frameis lostatreceierside,
all B-framesusingreference®f this P-framecanbe discardedAlso the following P-framecannot be decoded
andmay be omitted.But the descriptiongiven by the applicationshouldcomplyto the transmittedstructure For
exampleaninputsequencef IBBPBBP will bearrangedn theoutputsequencasiPBBPBB for transmissionThis
is only oneexample thedescriptioncanalsobe appliedto otherstructurediata,like mailswith attachmentsyeb
pageseveryvideoor audiocodingformatandsoon.

3 Conclusions

In this paperwe presenteénapproachor centraladmissiorcontrolin end-systemssuaranteeareonly provided
for applicationsappliedfor resourcest this componentAll othersare definedto be backgroundapplications,
which have low priority andwill be executedvhentime permits.This approachallows the high level specification
of resourcesndbehaior of the application.This is a necessaryequiremenfor managingend-systenandnet-
work resource®ffectively. With this knowledgeaboutrunningapplicationghe admissiorof new applicationson
basisof their resourceequirementdecomegpossible Soarunningout of resource®f theend-systenor the net-
work canbe preventedandapplicationgdon’t obstructeachother Theinclusionof a distributednetwork resource
managemertb this approachs plannedn thefuture.
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