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SUMMA RY

Emerging large scaleutili ty computin g systenssuchasGrid s promisecomputing and storageto be provided
to end usersasa utility . Systemmanagemert servicesdeployedin the middleware are a keyto enabling this
vision. Utility Grids provide a challengein terms of scale,dynamism, and heterogeneity of resouicesand

work loads. In this paper, we presenta model basedar chitecture for resource allocation sevicesfor Utility

Grids. Theproposel sewiceis built in the contextof interactiveremae desktopsessiorworkl oadsand takes
application performanceQoSmodelsinto consideration. The key design guidelinesare hierarchical request
structure, application performance models, remote deskop sessionperformance models, site admission

control, multi- variable resource assigiment system and runtime sessionadmission control. We have also
built a simulation framework that can handle mixed batch and remote desktop sessionrequests, and

have implementedour proposedresairce allocation sevice into the framework. We presentsame resuts

from experimentsdone using the framework. Our proposedarchitecture for resouice allocation services
addres®sthe needsof emerging utility computing systemsand captur esthe key conceps and guidelines for

building suchservicesin thes environments.

KEY WORDS: ResairceAll ocationService,Grid Computing, RemoteDeskop Sessons, QoS.

1. Introduction

Today s enterprise IT systens are being corsolidated into centalized data certers for redudng cost
ard to improve manageability. Efforts are now being mack to increasethe degree of shaing of
these corsolidaed computing and storage systemsard to provide them to the end-userasa utility.
Sud systemsare being coined as Utility Computing Systens or Utility Grids. In such systens,
geogaphically distributeddatacentersiteshosttheshaedIT infrastricture - blade serversandstorage
seners,which are allocaed dynamically and on-demand to the agplications of the end-user These
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2 V.TALWAR ET AL.
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Figure 1. High level conceptual view of the systemsupportingremde desktopsessions

applicationscould beerterprisethree-tierapplications, batchapplicaions,and interactive apgications.
In this paper, we are particuarly interestedn interactive applications hosted on shaed blade servers
in thedaa certer. Theseapgications are thenviewed by the end-userthrough remote deskop sesions
provided through tecmadogies swch as Citrix [1], Microsot Terminal Sewers [2], VNC [11]. The
exampes of apgications viewed through such ses#ons belong in the vertical segmerts of nancial
senices,CAD/CAM applications, andof ce applications suchas MS Word, MS Outlook, MS Excel
etc.Figure 1 shavs the corceptual view of sucha system.

Ore of the fundamertal systemmaragenert senicesneecakdin the middleware to erablethe vision
of Utility Gridsis aResouce Allocation senice. This sewvice is responsible for the dyramicallocation
of afraction of a compute seners' reurcesin respamseto an erd-userrequest. Todays' IT systems
typically pre-install, pre-allocate,and reseve the senersand staage resouces for endcustomers
applications, leadng to over-provisioning and higher costs. On the othe hand a utility compuing
systemernvisions seivers and storageresourcesto be shaableacmossend-custoners' applicationsand
be allocaed dynamicdly asthe need arises This brings out the need for a resource allocationsenice
that hasto corsiderthe real-timesystemutilization of the bladeseners,andthe dynamic requrements
of requestswhile making an allocation decision. The resource allocatiors made must further meet
the minimum performarce requiremerts of the hostedappli catiors, while avoiding over provisioning
of resourcesso asto maintan a high systemutili zation Prior work haslooked at building resaurce
allocation services for sypporting batch applications [9], and three-tier enterprise applications [12].
We would like to addressthe need of interective renote deskt@ session which aretypically more
sensitve to pefformarce need. We make thefollowing contributions through this paper.

Architecturd designguidelines and detailed descrigion of a resouce allocation service for
sypporting interactive remde deskop sessios in Utility Grids. In summary, the key guiddines
are a hierardical requed structure, application performance models, rempte desktop session
performarce models, site admisdon control, multi-variae resairce assgnment system,and
runtime sessioradnisson control.

Simulation framevork thatimplementsthe resouce allocation senice and sone expeimertal
resultsfor mixed workloads obtained usingthe simuation framework.

Our proposedarchtecture sewvicesrequestsfor remote desktop sessios from end-usersdyramicadly
ard allocateson-demand a fraction of a blade sener in the datacenter site for the end-users'reqest.
The fraction of the resourcesto be chosenis determined through the dynamic geneation of the
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RESOURCE ALLOCATION FORREMOTE DESKTOP SESSIONSIN UTILITY GRIDS 3
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Figure2. Flow diagramin the propcsedsystem Figure 3. ResairrceManagenentServer

performancemocdel for the requestedremote desktop sesion The dynamic geneation takes place
using pre-gereratedapplication performarce madels for the apgdications that would execue within
thereqesed rempte desktop sessbn. Theallocaion is thusQoSdrivenandadmissioncontrol systems
are usedto enforce QoS.Further, thelow level detailsof thesharing of IT infrastricture is hiddenfrom
theenduserard the end-useris providedwith avirtualizedenvironmert with QoSguamantes.

The restof the paper is organized asfollows. In Section2, we present the proposedarchitedure
Section3 descibesthe simulation framework ard experiments.We describe the Implemertation Status
ard RelatedWork in Section 4 and Section5 respetively. We conclude in Section 6.

2. Architecture

The systemmodel we considerin this pager is a singe datacenter site. A datacenter site corsists
of blade seners (hercefath also referred to as conpute nodes), storag seners, and a resaurce
managemern sener. Our proposedresouce allocation sewice componerts areresidem onthe resaurce
managemern serverand thebladeseneraswould beexplainedin Sectio 2.1and Section2.2. Figure 2
shavsthe o w diagramof the seqierceof stepsexeautedin thesystemThe erd-userssubmit requests
for remde deskt@ sesgonsto the ResouceManagemen Server The resourcemaraganert severthen
allocatesa fractionof a blade sewver's resoucesto the user's requestfor the renote desktg session
A requestto startthe remde desktop ses#on is thendispatchel to the allocatedblade sewver. Once
the sessibn is stated, the user interactively starts applications through the estallished renote desktop
sesfon connection. This is shown asmiddle level requestsin Figure 2. Thesemiddle level requests
go through a Session Admission Control Systemat the bladesener. Once the applicatiors are started
the userinteractswith those applications through an appli cation speci ¢ workload. We thus have a
hierarchical requeststructure in the system, top level requeds, middle level requests,ard apgication
spet¢ ¢ workload, asillustratedin Figure2.
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4 V.TALWAR ET AL.

2.1. ResourceManagementServer

Figure 3 shows thearchtecture for the resource managementserver. It hostsa repasitory consisting of
application performana models, resource modds, and the realtime utilization dataof blade sewvers.
Therearetwo queles,an Input Queuehads the users'requestswhen they rst ernter the system;and
a Perding Quele hdds requeststhat could not be assgned a blade sener that meetsthe requests
performancerequrements. The requestsin the Pendng Quele wait till thereis suf cient releaseof
resourcesby the blade seversthatwould meetthe requeds' performarce requirements. The resaurce
modds capure the static chaacteistics of the blade senerse.g, the server hardvare platform, the
maximum CPU ard menory capaéy etc. On selecting a requestfrom the Input Queue the set of
blade servers satisfying the users' prefererce of static charecteristicsare obtaired through a match
of the users'preferenceswith thosein the resouice models. Sulsequertly, a ‘remde desktopseson’
performance mockl for the requested remote desktop sessionis dynamically gereratedbasedon the
list of applicationsdesiredin thatsession This stepusesthe application pefformarce modelsfrom the
repository. The Ste Admission Cortrol Systenard the Resource Assgnmen Systemthen make their
decidonsusing the gereratedmodel. We descrite thee in subseqgen subsectims.

2.11. Application Performarce Model

The apgication performarce model describestheresaurce requirementsof the apgication for it to be
alle to perform at an acceptalde QoS level. Such a model is key to our proposed resouce allocation
senice. Such models would be built of ine by the system administratos ard populated into the
repository. We are interestedin building such models for interactive apgicatiors hosted on blade
senersand viewedin athin client setting using remotedeskt@ sesiors as shovn in Figure 1. Below,
we descrile brie y how to build suchmodds. Sutsequently, we give a formal representatia for the
modd.

Application pro li ng is thebasisfor building application peifformarcemodels. Application pro ling
is done by execuing the application in isdation on a standrd platform, and then applying a
characteistic workloadto theapgication. The resouce consumption of theapgicationis cortinuously
monitored over the ertire peliod of executian. Statigical tecmiquesarethenapplied to the tracedata
to determine a desirel resouce requiremert value that should be allocatedto the application for
accetale performane. There hasbeenprior work in this area, most of which hasbeen studied in
the context of batchand e-canmerceapplications[15]. The proling of interective applicationsin a
thin client setting presei addtional chdlenges Firstly, the execution of aninteractive application is
primarily in ue ncedby erd-userbehavior. This userbehavior needsto be modeledfor the apgication
beingpro led and subsegertly, asynthetic workloadnesdsto be geneatedconforming to themodeled
user behavior. The work being donein this area e.g, [8, 6, 7] typically proposethe use of states to
capure userinteractins, ard the useof Markov chairs to model probabilistic transitions. Additional
problemspreseted by thin client systensis (i) the needto alsomeasure userperceived performane
on theclient for accuratelatency measuenments,and(ii) theneedto considertheresource consumgion
of theremde dispay senerin addition to that of the application. We do nat go much further into the
detailsof the methaddogy of building the apgication performane models ard keepour focus in this
paperto architectual principles.Thereade is referred to relatedworks cited above andalsoin works
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RESOURCE ALLOCATION FORREMOTE DESKTOP SESSIONSIN UTILITY GRIDS 5

of [10, 14, 3] which descrike the measuvement of the resouce corsumpgion of interactive applications
in athin cliert setting
Throughout the paper, we represen the application performane model of an apgication

using , Where representthe desired CPU utilization (in
cycles/scond), desired network bardwidth, and desred staage bardwidth respectively for the
application. representdhe aceptalbe network latercy betweernthe end-users'thin client and the

bladeserver, representsthe aceptabbe storagelatercy betweerthe bladesenerandremde storage
node.

2.12. RemoteDesktop SessioPerformarce Model

A remde desktop ses#on pefformarce model desribesthe reurcerequrementfor aremde desktop
seson. Sucha model is gereraed dynanically for every userrequest.A remde desktopsession
for the purposesof modeling, is viewed as corsisting of a renmpte display sever and one or more
application processesFor examgde, a VNC remote desktopsession[11] would corsist of a VNC
remote dispay sewer ard all the applications running in the context of this VNC desktopsession
Theseapplications are startedinteractively by the enduser ard they exeaute in the context of the
remote desktgp ses®n on the blade sener. All of these applications shae the resoucesallocatedto
theremote desktop sessiorin which they execute.We next descibe aframework for building aremade
desktop ses#on performarce model.

A peformancemodel of aremde deskop sessionis built by leveraging the performarce modelsof
the applications which would execue in its cortext. This list of apgications is obtaineddynamically
throughthe users'requestor it would beinferredbasedon theuses' pro le[3]. Onobtaning this list of
applications,we readin the individual application performancemodds for theseapdications from the
repaository. At thetime of gererdion of the remote desktg sessn model, we do not however know the
execution order of these applications. The uses' requestandor users' pro le only gives us the list of
applicationsdesred during the sesgon. The usercould interactively starttheseapplicationsin various
possble execution orders at runtime. The enduser may further decide at runtime to start several
instarcesof eachapgication. Thus,the execttion order of apgications, and number of instarcesfor
eachapplication is a run-time decisionnot known at the time of genemtion of the remde desktop
ses#on performarce model atthe Resouce ManagenentSewer. However, the remde deskop session
performancemodel depends on suc executian orders.Onesolution to address this problem would be
for the userto speify the exeaution ordersandinstancesfor the desiredapplicationsin herrequest.
However, this may not be a very good soluion since the user may nd it dif cu It to deermire such
execuion orders at the time of sulmissionof her request.Moreover, since we eralle interactiity, the
user would like to choose the order ard numbe of instancesat runtime. We propose sane mocels
for detemining the exeaution orders of the apgdications. One of thesemaodelsof execuion orders is
then selededfor auses' request by apdicy decision, andthenthe systengereratesthecomrespading
remotedeskt@ sessiomperformancemodel using thatexecttion order We describebelow ardillu strate
in Figure 4 sorre of these execution order models and their carrespomling remote desktopsession
performancemodds. We corsider apgications, to ,inausers' remde deskt@ session
ard the remde desktop sesion performane modd to be representedas

The notationsareexplainedin Figure 5.
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6 V.TALWAR ET AL.
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Figure5. Notations
Figure4. Modeling Execttion Orders

(a) Smutaneows execuion of an instarce of ead desied application. In this case,the aggegate
resource requiremerts for the remde deskop sessionis modeled as the sum of the individual
requiremerts

where , , aretheextraoverheadthatis accaintedfor dueto otherprocesgse.g., monitoring
software etc.,thatmay run within the renmote deskop ses#on at runtime. The latency requrementsfor
theremote deskt sessionis takenasthe minimum of thosefor theindividual application sessios.

(b) Sequentid execution of the apgications In this case the aggregate resource requiremerts for the
remotedeskop sessionis modded asthe maximum of theindividual requrements

The latency requrementsfor the renpte desktop ses#on is taken asthe minimum of thosefor the
individual apdication sesions.

(c) Mixed Case when same applications are exeauted simultareotsly, ard sone others are executed
seqentially. In this case,the resouce requiremen is either modded as a value basedon history

Copyright ¢ 2004 JohnWiley & Sons,Ltd. Conaurrency Compuat.: Pract. Exper. 2004 00:1-6
Prepared usingcpeauth.cls



RESOURCE ALLOCATION FORREMOTE DESKTOP SESSIONSIN UTILITY GRIDS 7

basd predction betweenthe two extremes of simultareaus exeaution and sequential executia, or
it is negatiatedwith the erd-user

(d) Unkrnown Pro les of the applications. This would be the case whenthe applications are being
execued for the rst time, and the systemis completely unavare of the resouce requrements.In
this case the resouce requiremerts for the remote deskop ses#on coud be modeled assuming worst
caserequrements(suchasrequiring the maximum pernissibleresouceson anode), or theusercould
spedfy the requirements.

2.1.3. Ste Admission Cortrol System

The Site Admission Cortrol systemusesthe remote deskt@ sesgon models for adrission contral

decidons. This systemis respasible for detemining if a blade sener with its current resarce
utilization valuescanmeetthe resource andlateng/ requiremerts for a givenrenote deskop session
The resouice assignment heuristics arethenapplied to only those resourcesthatsatigy the admission
contral test The Site AdmissionContra systemtakes asinput: RemoteDeskt@ Session performance
madel for the requestedist of applications, blade serves that satisfythe coasegrain static resairce
requiremerts for the usersrequest,ard the real timeresouce utilization valuesof the nodes.Below is
theadnisgon criterion. Please refer to Figure 5 for the notations.

The expressonsontheleft side of the compaiisan operatorrepresenthe currertly availableresources
on the compute node (blade server) ard thoseon the right side of the comparisonoperator represen

theresouce requiremert for the remote deskt@ sessin. The admisson checkis thus to compae that

thecurrently available resourceson the conpute node cansatisfytherequiredvaluesfor therequested
remote deskop session Note that due to the hetergyereity in the hardware platforms e.g, CPU, we

have to normalizethe valuesof the quartities before comparisone.g, CPU utilization is expressedn

cycles/scord.

2.14. ResurceAssgnmen Sysem

The Resaurce Assigmmert systemis respnsible for assiging one of the blade senerswhich satisfy
the site admissioncheck, to the users' request. It takesinto consideation the remde deskt@ session
performancemodel, and aims to minimize the wait time for requests.The wait time in this section
refers to the time it takes for the blade sener to be assgned to a usersincereceving the request.
Unlike batchjob submissiors, a userafter sulmitting the reque for remde deskop sessin typically

waitsfor the blade sewerto beallocatedto him immedately. In our system thewait time is deperdert

on (is thesummationof) thewait timein the Input Quete , thewaittimein the Perding Queue waiting

Input Queueis the queueinto which therequess are placed astheyarrive into the Utility System.
Pendng Queueis the wait queueinto which requestsgo if al the eligible blade seversfor a request do not have enaigh
available resour@sto satsfy the Site AdmissionContrd performane criterion test.
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8 V.TALWAR ET AL.

for resourcesto becone available, ard processing overheadof the admisson control ard assigmert
algorithms. We allow for priorities to be assgned to requeds basedon the prole of the user The
requeds would be picked from the Input Queue basedon priority, thus reducing the wait time for
higher priority requestsin the Input Queue.

Multi-Variable BestFit Algorithm

Figure 6 preserts the psewo code for a multiple variabde best t algorithm that takes resairce
requiremen heuiistics into consideratian for resource assigmert. Note that at this point only those
blade servers are being corsidered which satisfy the Site AdmissionCortrol test. Also, for the use
casescerarios being corsiderad by us, each requestrequires only a singe blade server. However,
asmenticned ealier, we allow resairce shaing i.e thete could be multiple remote deskop sesions
allocatedon the sameblade server simutaneously. A BestFit algorithm for assiging blade servers
to remde deskt@ sessbns would always try to pack up bins tightly thus reducing the posdble
fragmentation. This would enale us to assign more sessions onto the blade serversandshould help
in redwing the wait time for the requestsin the Perding Queue.We therefore considera Best Fit
algorithm for resource assigmert. However, we have to corsidermultiple variadesin the algarithm
- CPU, network bandwidth, and storage bandvidth. For a paticular remde desktg sesgn, one or
more of these resoucesmay be a bottleneckresairce. We introduce weight functions corespanding
to eachof these ne grain resouces andadjustthe weight assigmert acordingly for the battleneck
resource variables.For examge, for CAD designsessios, the CPUwould be the bottleneckresaurce
variae and we should give more weightage to CPU utilization values for such sessons. Similarly
for n ancialtransactio applications,the storagebandwidth would be the battleneckresaurce variable,
ard for of ce apgications, the network latercy would be the baottleneck resouce vaiiable. Further,
the agorithm deteminesthe differerce beweenthe availade andreauired resaurce utilizations, and
assigngthe weight functions asinverselyproportional to thesedeltavalues. Thus, it doesweighted
beg tting along multiple dimersions. The weights areassignd for the differen pammetes/variades
asfunctions, and we pick the compute node tha hasthe highestaggregateweigh acress dimensiors.
The resouceandlatercy requrementsusedfor theremotedesktop sesfonsin the algorithm arethose
obtainal from the remotedeskop sessionperformancemodel descritedin Section 2.1.2.

2.2. Runtime System

Figure 7 showstheruntime resource allocaion systemconponertsresdert on the blade server. Unlike
tradtional batch applications, end-users caninteractizely startapgications throughout the lif egycle
of the remde deskt@ session This requires the resouice allocation senice to also have runtime
components. A SessionAdmission Cortrol system exists at the blade sener for every execuing

remote desktop sessionOnce the renote deskop ses#on is started, the sessionadmisson control

systemrecevesthe midde level requestsfrom the enduser for stating new apgications. It is then
responsible for determning whetrer the resources that are allocatedto a remde desktopsession
could acommodate the new application's resouce and lateny requirements without violating the
resource guararteesof existing applications within the remote desktgp sesion. The Site Admission
Cortrol system makesan admission decisionfor the remde desktop sesion assumig the resaurce
requiremerts spec ed in the remde desktopsessiorperformancemodd described in Sectio 2.1.1.

However, oncetheremde deskt@ sessioris startedon the bladeserver, theendusercan interadively
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RESOURCE ALLOCATION FORREMOTE DESKTOP SESSIONSIN UTILITY GRIDS 9

1. For each compute node which satisfies the Site Admission Control test
a. Determine the free CPU cycles, network bandwidth, and storage bandwidth available on
this compute node for a users’ request.
b. Determine the delta values between the available resources from step a., and the desired
resources for the requested remote desktop session. These delta values are denoted as

Cdel\a' Nde\la' sne\ta' NLdE\la‘ S_Lde\(a‘ )
c. We now assign the following weights: Applications
We= f(Cde\(a' Compute Intenswen_ess) . Aiesslon running in the Closed Loop
W, = f(N,,, Average expected display data size) c::mr’:I‘Sss‘:?em ™ remote desktop [€ ™|  Control System
W = f( S, Data intensiveness) 4 session
Wy = f(NLygi Inleractiven_ess)
Wy, =f(SLy,, Dataintensiveness)
The weights (W, W, Wg, W, , W) are inversely proportional to the first parameter
Cheniar Neertar Sgettar NLgartar SLaeir) @nd directly proportional to the second parameter COMPUTE NODE
(Compute intensiveness, Average expected display data size, Data intensiveness,
Interactiveness, Data intensiveness ) respectively.
d. The effective wieight of this compute node for the currently considered assignment is
W, =W+ W+ W+ W, +W, . .
effective Cc N S NL SL
2. Pick the compute node with the maximum assigned weight Wieciive  fOF this Flgure 7. Rurtime SyStem

request. In case of equally ranked compute nodes, we pick the one with the least load
where load is defined in terms of CPU utilization

Figure 6. Pseulo code for multi-variable best t
algarithm for resouce assigment

startthe applications in an execion order differentfrom tha consideed while building the remade
desktop sessionpeformancemodel. Shemay alsostat several instances of the appli cations. Hence,we
needto pefform aSessionAdmission Cortrol checkattheblade senerto chek dynamicallyif thereare
ermough resourcesavailablefor the application without violating the resouce availahilit y for currently
running applications. If the execution order and application instancesduring runtime are always as
derivedusing themaodelin Section2.1.1, thenthe sessioradmissioncontrol test would always suceed
However, this may not hapen in reality epecially with the Mixed casein the mocdel geneation
methodblogy, andhencethe Sessbn AdmissionCortrol systemis neeadto erforceadmissioncontrol

during runtime.

Let be the curent setof applications running in a remade deskt@ session

Let be the application session for which we are making an adnissioncontrol decision Then
the Ses#on AdmissionControl decisiors are:

where , are the CPU, netwak, andstaragedtil ization respectively due to other processes,
e.g, monitoring softwareetc, running within that remde deskt@ session The expressonson the left
side of the conpaiison opemtor in the equatiors albove representthe resouce requrementsfor the
remote deskt@ ascapured by the remde deskop sessiorperformarce models. The expressons on
theright sideof the conpaiison operata represen the actual resaurce utili zation by the currert set of
applications andthe requestednew application. The admissioncheck is thus to compae that, if the
given apgication is admitted, then the total resoucesallocatedfor the remde deskt@ sesfon can
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10 V.TALWAR ETAL.

continue to satigy the reurcerequrementsof all the currently running apgications aswell asthat of
therequestedapplication.

3. Simulation

In this section we rst descrite our simulatian framework. Sutseqently, we descrite the experiments
conductedusing the simuator andthe obtained reaults.

3.1. Simulation Framework

We have built a simuation framevork for the utility systemthat can hardle mixed (heterogeneots)
batch and remde desktop session requests, and have implemerted our proposedresouce allocation
senice into the framework. We have not at the moment implemented the sessioradmission control
systeminto the simulaor ard assime that the apgication requestsarrive during rurntime in the sane
execuion order as assured at the Resouce Managment Sewver. Eachblade sener is modeled as
having two network interfaces- one for the dispay traf c for interactive session to the erd-user's
thin client, and the other for storage trafc to le seners. We also model the end-to-end network
bandvidth and lateny beweenthe blade sener and the enduser submission nodes, aswell asthe
erd-to-end storage bandvidth and lateng/ betweenthe blade severs ard the le sewers. For both
batchard interactive requess, we assume in the current implemenation that the requestsare picked
from the Input Queles as First Conme First Seved (FCF9 semanticswith no priorities The batch
requedsareassgnedblade seners using aLeastLoadedalgaithm, andthe requestsor renotedesktop
sesfons are assigred blade sewvers using the Multi-Variade BestFit algorithm as desribed in the
eatier section The siteadmisgon control systemimplemenationfor arenotedesktop sessiorrequest
checksfor pefformance criterion descrited in Section 2.1.3. For a batchrequest,we che if there
is a minimum requred threstold CPU utilization availabe on a blade sener. During the simuation,
the CPU utilization allocaed to a batchrequest is guararteed to be atleastthe minimum threstold,
ard is allowed to exceedthe minimum threstold only in case of availade CPU cycles Theresaurce
utilizations for the remde desktop sessionsare always guaranteed to be equal to that of the value
decidedthrough theresairce requiremen modding of theremde desktop sesgon.

Ou simuator is implementedin Java. The static information about the datacenter resouicesare
stored in an LDAP directory, and the dynanic endto-end information is stored as an in-memay
tade. We use pools of worker threads to parallelize the screduding taskswithin the simulatar. Using
our simulatar, one can dedgn and pefform various interesting experimentssone of which are: (i)
Evaluaing thetrade offs of various resaurce shaing stratgiesamong mixedworkloads, (i) Evaluating
the proposedresouce allocatim strategy for interadive remote deskop ses#on workloads with naive
soluionsthat do nat use pefformarce models ard/or admission control, (i) Evaluatirg the trade offs
among various weight assignments in the resouce assigmmernt system (iv) Evaluating the resairce
allocationstrategiesunderinaccumateapplication performarce models

3.2. Experimentsand Results

We have performed experimentsto evaluatethe tradeoff of throughput ard wait time for a mixed
workload consisting of bach ard interactive sessionworkload The conpaiison is amang the useof a
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End-to-end End-to-end| Durationin wall RemoteDesktop Arrival Ratefor Arrival Ratefor
Requestype CPU Utilization networkb/w | storagen/w clocktime ExperimenfType Interactie BatchJob Interactire BatchJob
for displaytraf ¢ SessiorRequests| Requests SessiorRequests Requests
Heary Remote | 15%guaranteedn Poissordistribution; | Poissordistribution;
DesktopSession| a2 GHzmachine 15Mbps 150Mbps 6 hours Day Time Heary Remote lastrequesarrives requestsarrive
Light Remote | 10%guaranteedn Experiment DesktopSession| Light BatchJob at6 hoursinto throughouthe
DesktopSession| a2 GHzmachine 10Mbps 100Mbps 1 hour (12hours) requestonly requestsnly theexperiment 12 hourexperiment
Minimum threshold 4 hoursat 35 % Poissordistribution; |  All requestarrive
Heavy BatchJob | of 35% ona2 GHz 0 Mbps 300Mbps | CPU Utilization on Night Time Light Remote requestarrive in abatchatthe
machine a2 GHzmachine Experiment DesktopSession| Heavy BatchJob througoutthe beginningof
Minimum threshold 3hoursat5 % (12hours) requestonly request®nly 12 hourexperiment | experiment(Bursty
Light BatchJob | of 5% ona2 GHz 0Mbps 100Mbps | CPU Utilization on arrival attime 0
machine a2 GHzmachine of theexperiment)

Figure 8. Applicationand RemoteDesktopSession
Performane@ Models for the experiments

Figure 9. Requestdescription

completely sharedresaurce shaing strategy, with thatof ano shaing strategy. Below, we descrile the
experimental setupand resultsin detail.

3.21. Experimetal Setup

The experimernts were conducted for a datacenterof size 100 compute nodes.Ead of the conpute

nodeshave a 2GHz processospeed,100 Mbps network intercannectfor displaytraf c, anda 1l Gbps
interconnect for storagetraf c. The dynamic end-to-end bandwidth to the erd-userlocatiors for the

dispay traf ¢ varies from 50-100Mbps, ard the lateny variesfrom 10-40 units. The dynamic erd-

to-endstorage bardwidth to the le senersis 500 Mbps, andthe latercy variesfrom 5-20 units. We

conductedtwo setsof expelimerts - onefor a setof requestsfor day time actiity, andthe other for a
setof requests for night time actiity. We assunein this setof simulationsthateachrequestis always
assignd only a single compute node for both batd requeds ard remde desktg sessiorrequests.
We classify the requestsfor renote desktop interadive sessns and batch jobs as "Heavy Remde
Deskt@ Sessioh “Light Remde Deskt@ Sessin', ‘Heary BatchJob, ard "Light BatchJob'. The
characteistics of eachof thes sessios is shown in Figure 8. The "Heary Renote Deskt@ Ses#on'

correspondsto aremotedeskop sesson running, for examge, aCPU intersive interactive CAD design
application, while a "Light Renpte Deskt@ Ses#on' correspads to running, for examge, of ce
applications. A "Heavy Batch Job' for example correponds to running apgications suchas heary

weight structural andysis simuations, while "Light BatchJdb' correspnds to running applications
suchas compiling programs. The resouce utilization for remote desktop sessios in Figure 8 is the
aggregate values as discissedin the renote deskop session model in Section2.1.2. The aceptalte

laterties are greaterthan the availade erd-to-erd latency values.During the day time, we expect
the setof requeststo consist predominartly of "Heavy Renpte Deskt@ Sesgon' and "Light Batch
JoB requests.During the night time, we expectthe setof requeststo consistpredominartly of “Light

Remde Deskt@ Sessiohand "Heavy BatchJob' requestsBasedonthis, we gererateseparae 12 hour
syrntheticrequestsfor the day andnight time asshown in Figure 9. Pleasencte tha theseare top level

requeds in thecortext of thediscussiorin Section 2.
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Day Time experiment with
No Resource Sharing among mixed workloads

Night Time experiment with

ﬂ%%ge:;ﬁh Zgobza(;ﬁh 500 ‘Heavy’ Interactive No Resource Sharing among mixed workloads
dedicated | dedicated Remg'z Defkéofogesst;ons . 200 ‘Light’ Interactive
100 nodes | 100 nodes | °" dedicate nodes 30 ‘Light’ Interactive Remote Deskto 500 Batch Jobg
Throughput: Remote Desktop Sessiong o0 € 0 dedithed on dedicated
Finish Time in 728 730 716 on dedicated 100 nodes 100 nodes
minutes 100 nodes
Max :Iiil:lltrg)nm o ) 0 Throughput_:
L Finish Time in| 65 779 622
minutes

Day Time experiment with

Complete Resource Sharing among mixed workloads Night Time experiment with

100 batch jobs and 500 200 batch jobs and 500 . .
‘Heavy’ Interactive Remotd ‘Heavy’ Interactive Remote| Complete Resource Sharing among mixed workloads
Desktop S Desktop Si
elzo SEB,:ZSHI?)E;OH i?]o ;’ﬁa,SZSn'gZzS"” 30 ‘Light’ In_teractive Remote 200 ‘Light’ I_nteractive Remote
Desktop Sessions and 500 batch Desktop Sessions and 500 batch
FT:i‘:hu‘gll':—l"::li:n 728 (Batch jobsyand 730 (Batch Jobs) and —— jobs on 100 shared nodes jobs on 100 shared nodes
minutes | 722 (Interactive Sessions) 724 (Interactive Sessions) Finish l:?-irﬁe in 65 (Interactive Sessionsjand 779 (Interactive Sessionsjand
minutes 660 (Batch Jobs) 688 (Batch Jobs)
Max Waiting 5 11
time (minutes)|

. . . Figure 11. Resultsfor Night Time experiments
Figure10. Resuts for Day Time experimerts

3.22. Reallts and Discussion

We r st de<cribe the resultsfor the Day Time experiment which consiged of 500 "Heary Remde
Deskt@ Sessin' requests.We varied the number of "Light Batch JoB requestsin the systemFigure
10 shows the nish time (Throughput) of the systemwith 100 and 200 "Light Batch JoB requests
ard 500 "Heary Renote Deskt@ Sesion' requests. We seethat the n ish time for the "Light Batch'
jobs is unaffectedwhenthe two sets of requestsare combined on the sarre setof conpute nodes. The
nish time for the "Heavy Renote Deskt@' sessiorns degradesby 0.8% ard 1.1% with theaddtion of
100 and200 "Light Batch jobsin the systemresgectively compared to execting the ‘Heary Remde
Deskt@ Sessiohrequestson a sepaatesetof compue nodeswith no "Light Batch' jobs. As arestlt,
the nish time goesup by only 6 and 8 minutesrespetively and is only slightly above 12 hours.
Figure 10 also shavs the maximumwait time in the Perding Queuefor therequestswith 100, and 200
“Light BatchJdb' requeds in addition to the 500 "Heavy Interaction Session requests . We seethat
the maximum Wait time for the requestsincrease$rom 6 to 11 minutes with addition of 100 and 200
“Light BatchJoB requess. Thus, with 100 additonal requests of 'L ight BatcH jobs,aclientaskng for
aremote deskt@ interactize sesfon may have to wait upto 6 minutes before beingallocatedaresairce
for interactive use. We alsoranadditional experimentsandincreasedhe numberof ' Light BatchJols
in the sytem to upto 2000 keepng 500 'Heavy Remote Desktop Sesions'. We found that even with
2000 'Lig ht BatchJdbs' in the system, the nish time for Heary Remde Deskop Ses#ns degrades
by 8.9 ( nish time is 780 minutes).However, the maximum wait time for the requestsgoesto 67
minutes. The maximum wait time startsto degrade beyond 20 minuteswith greaterthan700 'Light
BatchJols'. The 95 percentile valuefor the Wait Time wasfound to be 0 for upto 700 'Light Batch

In the simulations, therewas no wait time for the requests in the Input Queue and we ignore the proaessingoverhed of the
admissoncontrol andresoure assignmat algorithms Hence thewait time presened hereistha incuredif therequestsdo not
satsfy the Site AdmissionContral test andhencego to the Pending Queue.
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Jobs' ard 54 minutesfor 2000 'Lig ht BatchJols'. With the addtion of upto 700’ Light Batch' jobs,
the numbe of requeststhat waitedin the Perding Queuewasthus less than 5% of the requests.A
Site Pdicy dedsion coud restrictthe allowed number of 'Light BatchJols' in the systentaking into
considentiontheaccepabledegradationin thewaiting time and nish time for the requess.

We now describe the resultsfor the Night Time experiment which corsistedof 500 "Heavy Batch
Job requess. We variedthe numberof "Light Renpte Desktop Sesion' requestsin the system.Figure
11 shavsthe nish time (Throughput) of the systemwith 30 ard 200 "Light RemoteDesktopSes#on'
requeds ard 500 ‘Heary Batch Job' requests.We seethat the nish time for the "Light Remde
Deskt@' sesionsis unaffectedwhenthe two requestsarecombined on the samesetof compute nodes.
The nish time for the "Heavy BatcH jobsdegradesby 6.1% and10.6% with the addtion of 30 and
200 "Light RemoteDeskt@' ses#onsin the systenresgectively, comparedto execuing the reques on
asepaatesetof compute nodeswith no "Light Remde Desktop ses®ns. As areslt, the nish time
goesup by 38 and66 minutes respetively. We expectthe number of "Light Remde Deskt@' sesions
in the systemto be fairly low during night time and do not expectit to go much beyond 30 sessios.
The casefor 200 "Light Remde Deskt@' sessiors thusrepreserts avery extremecase, however even
then we seetha the nish time for the "Heavy BatcH jobs is within accepablelimits andthe nish
time for the systenis still within the 12 hour period. We alsoranadditional experimentsandincreased
the number of 'L ight Remde Deskt@ Sesions' in the systemto 2000, while keepng the number of
'Heavy BatchJols' in the systemto 500. We found thatthe nish time for the Heary BatchJdbswith
2000 'Light Remde Deskt@ Sessior degrades by 15.75% ( n ish time is 720 minutes).

In sunmauy, the resuts show that for a reasonable setof requestsa single system of bladesewers
is abe to hande a patticular classof mixed hetepgeneas DayTime ard NightTime requests of batch
ard interactive sesfon reqlestswithout a very signi cant degradationin overdl performarce for the
system.Sucha systemwould thus be more cost effective thanbuil ding sepaate grids for those batch
jobs and interactive sesionsrespectrely. As future work, we would be conducting more experiments
for othe classe®f requests and more hetergereous datacerters to seethe peformarce effect.

4. Implementaion Status

In addition to the simulatar, we have alsobuilt a proof-of-conce implemertation for the conceptual
architectue shown in Figure 1. More details of this are descriled within refeene [13]. In the
implemertation we support Grid auttertication, createdynamic accaurts, as well as dynamically
provision remote deskop sesions on the assiged nodes.A simple site level schaluler hasalsobeen
built that peiforms resouce discovery for static resouce attributes using an LDAP-baseddirectay
sener. Thescheduer suportsbest t, r st t ard rancdomresouceassgnment.Oncearemde desktop
sesfon starts, the useris presented with a restricted accesscortrolled environment, and the uses

persigent datais dynamically mounted onto the allocateddynanic accant. As part of future work
exploration, we would also be implemeanting someof the more advarncedresouce allocationfeatues
dexribedin thepaper.

5. Related Work

Most of the existing work on resaurce allocation in Grids have addessedthe neals of batch
applications [9]. There hasalsobeen prior work done on load balancirg for paallel computers, web
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seners, userlogin sesfons, and sorre reaent work on 3-tier commerdal apgications [12]. Prgect
NOW from Berkeley [5] proposesa netwak of workstatiors asa conputing infrastructure. The NOW
architectue aimsto provide a singe clusterfor computing purposesand provides a global software
ard hadware layer. Comparedto theserelatedworks, we addressthe needsof resource allocatian for
interactive sesions,andour global computing model corsidersa utility environmentprovided through
adatacenterin an erterprise.

6. Conclusions

Our proposedarclitecture is addressng the neals of supporting remde deshkop sessiors in emeging
Utility Grids. The architecture sevesasa corcepual guide for building resource allocation senices
in swch systens. The key featues is that it enalbes virtualization uses application performane
modds, gereratesthe remde desktop session perfformance model dynanically as a composition of
individual apgication performarce models, uses dynanic real-time utilization values for dynanic
resource allocation and supports theresairce allocationneedsfor remote deskop sesionsthroughout
its lifecycle including at runtime. We have also built a simuation framework and have implemented
theresouce al ocation architectue into it. Various experimentsare possible usingthe framework. We
shaved sone resultson tradeoffs amang resouice shaing straegiesfor mixedworkload of batchand
interactive remde deskt@ sessios. As future work, we would bedaing more expeimertal evaluation
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