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Abstract— We consider continuous media delivery over a mo-
bile ad-hoc network of vehiclesequipped with car-to-car peer-to-
peer (C2P2) devices.While the provision of high-bandwidth con-
tinuous media contentwith tight QoSrequirementsis challenging
even in static networks, it is considerably more challenging
when the network topology is dynamic due to node mobility.
In this paper, we develop a unied client-centric, distrib uted
admission control framework for such a C2P2 network. Under
this framework, we develop several admissioncontrol strategies,
namely, sewer count-basedadmission (SC), sewver bandwidth-
based admission (SB), path bandwidth-based admission (PB),
and nally a mobility-based admission (MAD [4]) policy, which
can be further enhanced using a second-leel sampling-based
admissionpolicy. We also develop QoS utility modelsto quantify
the performance of these policies. These policies are then eval-
uated through extensive experimental simulations. Our results
show conclusively that traditional admission control strategies
do not work, and that MAD can provide orders of magnitude
impr ovement when compared with no admission control.

I. INTRODUCTION

During the pastfew years,automobilemanuficturershave
beenmarketing and selling vehiclesequippedwith entertain-
ment systems.These systemstypically consist of a DVD
player, afold-down screenavideogameconsole andwireless
headphonedn its presentform, storageand contentare tied
together This limits the numberof available titles to those
DVDs and CDs in the vehicle. We ervision a separation
of storageand contentwhere contentis stagedon demand
acrosgheavailablestoragefor previewing. Thiswould provide
passengeraccesgo a large repositoryof titles. In this vision,
vehicles are equippedwith carto-car peerto-peer (C2P2)
devices which form a mobile ad-hoc network (MANET).
Each C2P2is equippedwith alundantamountof storage,a
processarand a wireless networking card. A C2P2 might
integrate into the navigation system of a vehicle and its
existing network for delivery of datato the on-boardfold-
down screenor wirelessheadphonesifferent C2P2devices
might storedifferentclips and exchangetheseclips with one
anotherto supporton-demandielivery of continuousmedia.

The principle characteristicof continuousmedia such as
videoandaudiois their high sustainedit raterequirementlf
a systemdeliversa clip at a rate lower thanits pre-speci ed
rate without specialprecautionge.g., pre-fetching),the user
might obsene frequentdisruptionsand delayswith video and
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random noises with audio. These artifacts are collectively
termedhiccups A hiccup-freedisplay is the ideal quality of
service(QoS)providedto anenduser A secondQoScriterion
is the obsened startuplateng, de ned asthe delay obsened
from whena userreferences clip to the onsetof display

All C2P2devicesmayreplicatepopulartitles, but they must
collaboratein order to provide userswith a large choice of
content.EachC2P2may contribute a fraction of its storagein
a peerto-peermannerto be occupiedby the system-assigned
clips. Theseclips might bereferencedy usersof thosemobile
C2P2devicesthat are network reachablgincluding the local
user). This study focuseson the QoS metrics when a user
referencesa clip that is available on one or more remote
C2P2s.A C2P2 must offer its passengersnly those clips
thatit candownloadand play in a hiccup-freemannerwithin
a reasonableamountof time (e.g. by satisfyinga maximum
tolerablestartuplateng constraint).

Techniquesthat addressthesechallengesare impactedby
the characteristicsof the MANET, placementand delivery
schedulingof data,and admissioncontrol policiesin support
of ahiccup-freedisplay Let usconsidereachin turn. Mobility,
akey MANET characteristicis the primary challengebecause
it dictatesthe life-time of pathsbetweena producerand a
consumerof data. When the display of datais overlapped
with its delivery, a path repair may incur delaysthat result
in datastanation and hiccup. In addition, topology changes
impact the availability of both data[6] and bandwidth.The
availability of datais alsoimpactedby its placementicrosghe
nodesandits degreeof replication[7]. Onemayreplicatedata
atthe granularityof eitheraclip [3] or ablock[5]. Thesystem
may replicatethe rst few blocks of a clip more frequently
This enableghe displayof a remoteclip to consumeheclip's
rst few blocksfrom eitherlocal storageor C2P2devicesthat
are a few hopsaway, minimizing startuplateng.

Techniquesto scheduledelivery of dataimpact the QoS
obsened by active displays. As we shall demonstrate(see
Appendix), content replication acrossmultiple seners and
block-switching techniquesprovide a signi cant degree of
protection againstthe frequent disruptions and topological
changescausedby the mobile ervironment, by dynamically
providing connectiondo proximateseners.

Finally, giventhe high data-rateequirement®f continuous



mediadisplaysand limited bandwidthresourcesthe system
must be con gured with an admission control policy to
handle multiple simultaneousclip downloads. In particular
the admissioncontrol policy must strive to do a “good job”
of rejecting requestsfor download that are unlikely to be
satis ed within a reasonableamount of time. Section IlI
formalizesand quanti es this qualitatve notion by providing
someutility modelsfor QoSthattake into accountthe number
of rejectedrequestsandthe numberof admittedrequestghat
are successfuland the numberof admittedrequeststhat fail
to meeta speci ed startuplateng constraint.

Comparedto traditional admission control in static en-
vironments,there are some unique challengesin the C2P2
MANET environment where we have a variable topology
network. For one,the admissioncontrol mustbe performedin
a distributed mannerasthereis no centralcoordinationpoint
for the network. Further it is hardto estimatethe resources
thatwill be availablefor a clip download (sincethe topology
will changeduring the durationof the download).

Thekey contribution of this paperis thedesignandanalysis
of suchsimpleadmissiorcontrolpoliciesusingC2P2/MANET
simulation studies. Even though these techniquesare sim-
ple they capturesigni cant componentshat would be part
of making an appropriateadmissioncontrol decision. The
policies consider componentssuch as number of available
seners, the available bandwidth at eachsener, the average
time for which the sener is in the rangeof the client andthe
bottleneckhandwidthalongthe path(traditionalapproactused
in wired networks). A more powerful and ef cient admission
control schemecan be designedby appropriatelyweighing
each of thesecomponentsand then combining them. This
study senes as a rst step toward this goal by evaluating
policiesthat considereachof the componentsndividually to
malke the admissioncontrol decisionand then observingthe
performancean termsof someutility models.

RecentstudiesaddressindQoSin MANETS areasfollows.
A suney of QoS in MANETSs is provided by [14], [11],
[17]. Thesestudieseitherbuild on top of the existing routing
protocols [18], [12] like DSR,AODV etc or integrate the
QoS metrics as part of the routing protocol [10], [16], [19].
Therehave beenstudiesthat supportboth QoS and multicast
routing [1], [13]. Admissioncontrol hasbeena well known
problem dealt with in wired networks [9]. However, for
wirelessadhocnetworks notmuchwork hasbeendone.In this
paperwe have usedthe corventionalde nition of admission
control with simple policiesto study the numberof rejected,
satis ed and satis ed requestsn a MANET (C2P2network).

The rest of this paperis organized as follows.The im-
portanceof dataplacementand retrieval schedulingpolicies
for single client display scenariosis demonstratedn the
Appendix. Next, Sectionll formulatesthe admissioncontrol
problem,andpresenta generaframenork andseveralspeci ¢
policiesto addresshis challenge.Sectionlll evaluatesthese
policies using a simulation study on the basis of utility-
based QoS models. Our key ndings are that the use of
intelligent admissioncontrol policies can signi cantly reduce

the number of admitted unsatis ed requests.Moreover, a
mobility-prediction basedadmissionpolicy that we propose,
termedMAD, canprovide anorderof magnitudemprovement
over anaive approactthatadmitsall requestsOur conclusions
and future researchdirectionsare containedin SectionlV.

Il. ADMISSION CONTROL

Sectionll-A formalizes admissioncontrol as the process
of admitting thoserequeststhat are able to download a x-
sized le within a specied duration of time. Section II-
B developsa framework for the admissioncontrol policies.
Finally, Sectionll-C presentdour alternatve policiesfor this
framework.

A. Introductionand Problem Statement

While it is possibleto overlap the delivery and display
of continuousmediaclips using buffering, this stratey runs
the risk of incurring hiccupsif network resourcesbecomes
temporarilyunavailable during delivery. In this work, we will
focusour attentionon the delivery of clips thatwill be played
only after the entire clip is downloaded.We will assumethat
eachrequesspeci esthe le sizeof theclip to be downloaded
and a maximumdownloadtime (i.e. startuplateng).

We formulatethe admissioncontrol problemasfollows: A
requesto displayaclip comeswith a speci cationthatall
blocksof  be downloadedto the requestingC2P2 (denoted
asC2P2) within time units. Note that (the download
time or the startuplateng) can be signi cantly smallerthan
the playback! time of the clip . For example, an audio
clip  with a displaytime of 12 minutesmight specify
as 1 minute. This meansthat all blocks of this clip mustbe
materializedin one minute in orderfor a requestreferencing

to be admittedto the system.

We shall considertwo avors of admissioncontrol: in-
stantaneousind delayed.In instantaneousdmissioncontrol,
the decision to either reject or admit a requestmust be
madealmostimmediatelyafter a requesis issued.In delayed
admissioncontrol, the admissiondecisionmustbe madein
time units where . An admittedrequestis termeda
failed requestif the systemfails to materializeall blocks of
clip in time units.

Thus, assuming  requestsare issuedto a system,an
admissioncontrol policy yield threeclassesf requestsFirst,
a x ed numberof admittedand rejectedrequeststermed
and , respectiely. Note . Second,;someof the
admittedrequestamight fail, denotedas . And,
nally , someof theadmittedrequestareservicedsuccessfully

denotedas , where . An admissioncontrol
policy shouldstrive to maximizeboth and  (ideally, to a
maximumof ). By maximizingthe total numberof admitted

requesty ), alarger percentag®f requestsare processedy
the C2P2MANET. By maximizing , alargerpercentagef
admittedrequestsare processedasuccessfully In Sectionlll,
we will develop QoSmodelsthatde ne a policy's utility asa
weightedcombinationof theseraw metrics.

1The termsplaybackand display are usedinterchangeablyn this paper



B. An AdmissionContmol Framevork

We now proposea framework for solving the admission
control problemassumingan ad-hocnetwork (e.g.no central-
ized basestationsin a cellular wirelessnetwork). We focus
on distributed, client-centric,admissioncontrol policies that
enablethe C2P2 client device to either admit or reject a
request.For the rest of this paper C2P2 denotesa device
whoseuserhasrequestedhe display of a title.

In order to make an intelligent admissiondecision, the
admission control componentof C2P2 must rst obtain
information about the state of the network and availability
of resources.This information is then weighed againstthe
speci cationsof therequesin orderto determindf therequest
can be admitted. The admissioncontrol policy may consider
several factorssuchasthe numberof seners,the availability
of residualbandwidthat seners,the bottleneckbandwidthon
the network pathto the sener, and whetherit is possibleto
predictfrom the mobility patternof the carsthatthey might be
ableto collaborateto deliver the requestedlip. In this paper
we designandevaluatepoliciesthatconsidereachof theabove
mentionedfactor individually. A meta-poliy may combine
thesepolicies by assigningeachan appropriateweight.

In a mobile ad-hoc network such as C2P2, knowledge
of the current bandwidthon the path betweena client and
sener is insufcient to determineif a given requestcan be
satis ed. This is becausethe available bandwidth changes
dynamically and might be either greater or lower in the
future (due to unpredictablemobility-inducedchangesn the
network structureandnetwork traf ¢). In orderto contendwith
the dynamic nature of a C2P2 network, e xible but simple
admissioncontrol policies must be designedthat consider
different kinds of information aboutthe currentstate of the
network, andtry to predict/estimatdasedon this information
whether the required resourcesfor a given requestcan be
provided.In ouradmissiorcontrolframewnork, we developtwo
kinds of metrics:a RequesiMetric (), andan Information
Metric (). The requestmetric (which is normalizedto
beanumbermetweer0 and100)is a measuref theamountof
resourcesequiredfor a givenrequestHenceit depend®on the
QoS parametenf interest.In particular we de ne asthe
ratio of the requestecbandwidthover the nominal maximum
wirelesslink bandwidth asfollows:

@)

where is the size of the clip in Mb (MB), and
is alsode ned in Mbps (MBps).

While is not policy-dependentthe information metric
is, and representgjuantitatvely the information obtained

by the client aboutthe currentand future resourcesvailable
in the network. The information metric is normalizedto be a
numberbetween0 and100.  is monotonicin the estimated
resourceavailability — the higherthe valueof , the more
likely it shouldbe that a given requestcan be satis ed. Both
and have no units.Now the admissiorcontroldecision

is simply a matter of comparingthe two metrics: and
, and deciding whetherthe given predicts sufcient
availability of resourcedor the requestwith metric A
simple yet e xible form for the admissioncontrol policy is
simplyto take thedifferencebetween and  andcompare
with a threshold . When , a policy admitsthe
correspondingequest.Otherwisethe requestis rejected.

Note that basedon our de nitions, the thresholdcan po-
tentially take on values from (which correspondgso
allowing all requests}o (which correspondsgo rejecting
all requests)Thusif is too low, thereis a dangerof greater
unsatis edrequestsiueto bandwidthcontention.On the other
hand,if it is too high, the numberof satis ed requestswill
be low becausetoo few requestsare accepted.The optimal
choice of thresholdmay be an intermediatevalue and could
be scenario-dependeras we shall seein our experiments.
Of course,the optimal choice of thresholdis also policy-
dependentsince is de ned differently for eachpolicy.

When a requestis issuedby a client, in instantaneous
mode, a policy must either acceptor reject requestsusing
the threshold computation.With the delayedapproach,the
admissioncontrol policy may analyzethe rate of data ow
for  time units, where . A requestis admittedif:
(1) a policy admitsthis requestinitially, and (2) the average
obsened bandwidth during . This approachis
adwantageoubecausé recognizeshedynamicervironmental
changesmay either affect delivery of in a positive or a
negative manner A positive changeis one where a sener
becomesnetwork reachabledue to mobility. The reverse of
this is a negative changewherea sener is no longer network
reachablebecauseof mobility. Obviously, as  approaches

, theadmissiorcontrolis providedwith moretime to make
a decision,reducingthe numberof admittedrequestghat fail
(minimizing ). Howeveralarge maybequiteundesirable
for several reasonsFirst, it might delay a user longer than
necessanprior to rejectingthis user Second,it might waste
network bandwidthby allocating resourcego a requestthat
cannotbe satis ed.

In the above scenarioa rejectedrequestbasedon aninitial
instantaneouslecision might also be delayed time units
to enablethe systemto seeif changesin the ervironment
during time units may facilitate admissionof this request.
In this case,the client tries to service the rejectedrequest
and obsenes the amount of available bandwidth during
time units. Assume units of dataarrive during this period,

size(X).After  time units, it invokesthe admission
control policy onceagainwith size(X) . If the requestis
admittedthenit proceedso servicethisrequestOtherwisethe
requests rejected.This approachsuffers from the following
limitation. Whenbandwidthis scarcea requesthatshouldbe
rejectedmight competefor the available bandwidthwith other
active displays, causingadmitted requeststo fail (reducing

). We do not evaluatethis approachin our simulations.

Contentreplicationandswitchedproximatesener selection
are important for robust delivery of high-rate content (see
Appendix). In all our admissioncontrol policies, the client




candidateseners.
, C2P2

always chooseghe closestsener from
When C2P2's path to a sener breaksat time
might have downloaded bytesof a clip
. The bandwidthrequiredto downloadthe remainder
of aclip is . If this bandwidthexceedsthe wireless
network bandwidth therequesis discardedasafailedrequest.
Otherwise, C2P2 identi es another reachablesener and
begins downloadingthe remainderof the clip from thatsener.

C. AdmissionContml Policies

This sectiondetailsfour policies for our proposedframe-
work:

1. Sewver Count (SC): The sener count-basecadmission
control policy countsthe numberof C2P2 devices that are
within hops of C2P2, denotedas . Next, it identi es
and countsthe numberof devicesthat containthe referenced
clip X, denotedby . The  valuefor SCis the density of
theseseners:

)

The main strengthof this policy is its simplicity — it might
be implementedusing the following probe basedapproach.
C2P2 sendsa controlled ood within  hops.Whena node
receves a probe, it repliesto C2P2 with its identity and
whetherit containsclip . Basedon thesereplies, C2P2
evaluates and . C2P2 may wait for time units prior
to renderinga decision.The value of might be dictatedby
the durationof time requiredfor 2
transmissionsto reach nodesthat are hops always
and, another  transmissionsfor their reply to arrive at
C2P2. This policy suffers from several weaknessed=irst, in
instantaneoumode,this policy ignoresbandwidthlimitations
and fails to detectscenarioswhere all  severs might be
busy processingtherrequestsin delayedmode,this policy is
provided with somemeasureof available bandwidth.Second,
this policy ignores mobility wherethe  seners might be
moving away from C2P2. Once again, delayed mode of
admissioncontrol providesthis policy with somemeasureof
this parameter
2. Sewver Bandwidth (SB): This policy considersavailable
bandwidthof eachsener, requiring eachprobeto returnthe
available bandwidthof eachsener , containingthe
referencectlip. Note thatthe sener of choicefor C2P2 may
changeover the duration of the clip download ( ). Since
eachsener is apotentialcandidateandhassomeprobability
of beingchosenover the  metric considerghe average

available bandwidthacrossall the seners . SB de nes
as:

3)
where is the maximum network bandwidth available

to a C2P2device. By using in the denominataythis policy
considerghe fraction of nodesthatmayactasseners.Similar
to SC, SB is alsorelatively simpleto implementusinga local
probe.

network transmissions:

3. Path Bandwidth (PB): This policy is similar to thatused
on traditional admissioncontrol and bandwidthresenation in
wired networks, and considersthe bottleneckbandwidthon
the path betweenthe client and eachsener within hops.
This policy only considerghe averageof all theinstantaneous
bottleneckbandwidthalong the shortestpath from the client
to eachsener (). Theseestimateswill rapidly becomestale
asthe nodesmove andthe pathsbetweenthe C2P2 andthe
seners change.Formally, this policy considersthe available
bandwidthof mostutilized node, BW( ), thatlies in the
multi-hop path betweeneachsener andthe client C2P2 :

(4)

To implementthis policy, a probe accumulateghe available
bandwidthof nodeson its pathbackfrom a senerto C2P2.
C2P2 identi es the intermediatenode with least available
bandwidthas . This policy doesnot considerdynamic
evolution of the network where changesover time. In
static scenarios PB improves upon SB becausdt considers
scenariosvherethe senershave sufcient bandwidthbut the
intermediatehops are data-stared. However as we shall see,
this is not necessarilya good stratgyy in MANETS.

Note that in all the policies SC, SB and PB the probes
constitutethe controltrafc whichis negligible in comparison
to the amountof datathat is being exchangedbetweenthe
client andthe seners.

4. Mobility Prediction (MAD): The mobility-basedad-
mission control (MAD) policy tries to leveragethe mobility
patternin the network by estimatingthe duration of time a
sener  will bein the radio rangeof the requestingclient
C2P2. This dependson both the direction and speedof
andC2P2, C2P2 sendsout a probemessagevith a certain
timeto liveto obtainthelist of proximateseners . Assuming

denoteghe durationof time  andC2P2 are
expectedto be in radio range,for MAD:

(®)

Here, is the total number of nodes reachablefrom
the client via the probe. Note that both the numeratorand
denominatorarein units of time.

This policy only considersthe time that a sener is within
radiorangeof C2P2 . Thisis conserative becausét doesnot
considerthe time the senersarereachablesia multiple hops.
Also this policy doesnot considerthe available bandwidth
at eachsener. We considereda hybrid policy that combines
MAD with SB thattakesinto accountboththe mobility of the
seners and the available bandwidthat eachsener. However,
we have not presentedhe resultsfor sucha policy here.

I1l. PERFORMANCE EVALUATION

In this section,we quantify the performancerade-of asso-
ciatedwith the alternatve policies.We conductednary exper
imentswith differentparametesettingsin orderto summarize



Valueof a Valueof a Valueof a
Models | rejectedrequest,| successfullyadmitted | failed admitted
(M) request, (M) request, (M)
Economy 0 1 0
Standard 0 1 -1
Premium -0.5 1 -5
TABLE |

THREE UTILITY MODELS TO QUANTIFY QUALITY OF SERVICE WITH ALTERNATIVE POLICIES.

thelessondearnt,we developeda utility modelsto summarize
the QoS obsened with each policy in one number These
modelsare presentedn Sectionlll-A. Sectionlll-B presents
our experimentalenvironmentthat considersboth stationary
and mobile seners. Sectionlll-C demonstratesuperiority of
MAD to an ervironmentwithout admissioncontrol. Finally,
Sectionlll-D demonstrateshat MAD typically outperforms
SC, SB, and PB. This section also includes an in-depth
analysisof MAD with differentthresholdsand systemloads.

A. Utility modelsfor QoS

This sectiondescribeghreeutility modelsusedto quantify
the QoS provided by the differentadmissioncontrol policies.
Recall that an admissioncontrol policy divides the total
number of requestsinto three groups: rejectedrequests,
requeststhat are admitted but fail (due to unsatis ed
requirements)and  requestghat areadmittedand succeed
in providing the clip within the speci ed deadline.Different
usersmay value eachof thesedifferently, as per their utility
model.For the purposeof evaluatingour experimentalresults
we considetthreedistinctutility modelsthatarerepresentatie
of differentlevels of Quality of Servicethat canbe provided
in a C2P2ad hoc network. In eachmodel , we de ne the
joint utility  asa weightedsum:

(6)

wherea weight indicatesthe value of component in
model

Table| shaws the weightsfor three QoS modelsemployed
to evaluatethe experimentalresults.The economymodeldoes
not penalizea policy for either rejectedor failed requests
and only rewards acceptedrequests.The Standardmodel is
indifferentto rejections but penalizegailed admittedrequests
asmuch asit rewardssuccessfullysened admittedrequests.
The Premium model resemblesa high QoS ervironment. It
penalizesrejectedrequestqalbeit slightly), rewardsadmitted
requeststhat are satis ed, and highly penalizesadmitted
requestshatfail. Thehigh penaltyfor afailedadmittedrequest
re ects our intuition that usersare likely to be annged if
their C2P2device initiatesa download, spendsa considerable
amountof time (maybe  time units)only to discover thatit
cannotdisplayaclip becausanincompletele is downloaded.

While theseutility models can be applied on a peruser
basis and different QoS levels can be integratedwithin the
samesystemin practice,for the purposesof analyzingour
experimental result and comparing the different admission

control policies, we shall apply each QoS utility model to
the systemasa whole for the durationof the experiment.

B. ExperimentalSetup

The results presentedn this sectionare basedon a nen
simulatorfor C2P2networks written usingC  programming
languagé. The simulatormodelsroad stretchesand carsthat
navigate these stretches.A car might be con gured with
a C2P2 device that provides a x ed amount of network
bandwidth.EachC2P2device implementgshe DSR[8] routing
policy. However, we believe that a the choice of the routing
protocoldoesnot impactthe trendsin the obsened results.A
proactive protocol like DSDV would have shovn similar re-
sults.We analyzeddifferentscenariosonsistingof a different
numberof road-stretcheglifferentnumberof C2P2-equipped
cars,mobility patternsandrequestspeci cations.

Our basic experiment consists of thirteen bi-directional
road-stretchespumberedfrom 0 to 12, seeFigure 1. Three
stationary seners (these could be parked vehicles, access
points, or basestations)are locatedon the following road-
stretchesi, 6, and11, numbered , ,and |, respectrely.
The radio-rangeof each C2P2 spans3 road-stretchesits
currentroad stretchandits two adjacentroad stretchesThus,
a C2P2on eitherroad-stretchD or 2 is in the radio rangeof

which is on road-stretchl. Note that thereexists four road
stretcheghat are dark becausehey are not 1-hop reachable
by a sener. However, given sufcient numberof clients and
transitive routing of paclets acrosstheseclients, thesedark
road stretchesmay lit-up asthey becomenetwork reachable
to either one or two seners. We analyzed con gurations
consistingof 13 possibleclient C2P2 nodes(in addition to
the 3 sener nodes),with the simultaneousactive displays
ranging from 1 to 13 in our experiments.Initially, all cars
are assignedto the road-stretchesuch that they are evenly
spacedacrossthe road-stretcheskor example,with 13 cars,
one car is assignedo eachroad-stretchThe initial direction
of eachcar is chosenrandomly (i.e. to move left or right).
The speedof eachcaris x edat5 meterspersecondOncea
car reacheghe end of eitherroadstretchO or 12, it switches

2We initially consideredusing the ns-2 simulator that is widely usedin
the MANET community for these simulation experiments,but found that
signi®cantprogrammingextensionsto ns-2 would be requiredto implement
the kinds of online perclient dynamic admission-controlpolicies we are
interestedin evaluating. The simulator we have written is designedto
incorporatesuchpolicieswith easeand providesfor muchfastersimulations.
We plan to male the simulatoravailable in the nearfuture for useby others
investigatingadmissioncontrol.
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Fig. 1. Thirteenroad stretcheswith 3 stationaryseners.

directionsand moves toward the oppositeend. Within each
con guration, the carsthatarerequestinglips (corresponding
to the numberof active displays)are chosenrandomly and
they re-issuerequestsperiodically every 60 secondsA total
of 100 requestsare issuedin eachexperiment. This means
thatwith 10 active displays,eachclient issues10 requeston
average All threesenersareassumedo containa replicaof
the clips being requestedRejectedrequestsdo not consume
ary network bandwidthandareterminatedmmediately Once
arequestis admittedto the system,t downloadsa clip for 60
secondsThe maximumnetwork bandwidthof a C2P2device
is assumedo be 10 Mbps. The referencedtlip is a mediaclip
with a bandwidthrequiremenbof 340 Kbps. The displaytime
of eachclip is x ed at 12 minutes.We requirethe clip (size
30MB) to be downloadedin 60 secondstequiringa download
bandwidthrequiremenibf 4 Mbps.

To analyzethe impact of sener mobility, we modify this
basicexperimentaketupto includescenariosvhereall seners
are also mobile. We also analyzedthe impactof load in two
ways: rst, by varyingthenumberof simultaneouslientsissu-
ing requeststermedactive displays.Second by changingthe
downloadbandwidthrequiremento 8 Mbps, correspondindo
a clip size 60MB and a mediaplaybacktime of 24 minutes
at 340 Kbpsrate.

C. A Casefor AdmissionContol

We start with experimentalresultsthat justify the use of
intelligent admissioncontrol policiesin an ad-hocnetwork of
C2P2devices. Figure 2 shaws utility of MAD (Instantaneous
mode of operation)with alternatve modelswhen compared
with anervironmentthatdoesnot utilize an admissioncontrol
policy. Figurer 3 shavs the number of rejected, satis ed,
and unsatis edrequestsor both MAD andthe no admission
control case.(As we shall shav in Section IlI-D, MAD
is generally a superior admission control policy.) Without
admissioncontrol, the simulator admits a requestupon its
arrival independenbdf sener availability. Figure 2 shaws the
performanceof MAD for two differentthresholds:-20 and -
40. The x-axis of this gure shaws the numberof concurrent
clients that initiate the display of a clip, termed number of
active displays.This controlsthe load in the ervironmentand
is increasedfrom 1 to 13. The y-axis of this gure is the
utility of eachmodel.We presentesultsfor all modelsshavn
in Tablel. Eachpresenteddatapoint is an averageof results
obtainedfrom 10 experimentsutilizing differentseeds(The
randomseedimpactsthe order andidentity of clientsissuing
requests.)

With 3 stationaryseners and a maximum wirelessband-
width of 10 Mbps per C2P2device, our experimentalerviron-
mentsupportsa total bandwidthof 30 Mbps. All active clients
issuetheir requestsat the sametime. A total of 100 requests
areissuedby all clientsin this environment.This implies that
with two or fewer numberof actve displays,if there were
either no dark regions or unpredictability due to mobility,
without admissioncontrol, a total of 100 requestswould be
satis ed. Figure 3.b shavs that only one half of requestsare
sened successfullywith 2 or fewer active displays.This is
becaus®f mobility anddarkregionsthatcauseanactive client
to stane for data,failing to downloada clip  in time
units. This is re ected in the numberof unsatis ed requests
admittedto the system,seeFigure 3.c.

A primary obsenation from Figures2 and 3 is that an
ervironmentwith no admissioncontrol is clearly inferior to
Instantaneous-MADwith =-40. With the Premium model,
MAD shavs a muchbetterperformanceeomparedo the other
policies.With the Standarcutility model,MAD remainssupe-
rior. With the Economymodel,however, no admissioncontrol
outperformsMAD when =-20. This thresholdrendersMAD
too consenative, forcing it to admit too few requestsWhile
all theserequestsare processedsuccessfully see Figure 3.c
where =0 with =-20, MAD doesrejectrequestghat can
be processesuccessfullyWith amorerelaxedthreshold-40),
theserequestsare admittedinto the systemenablingMAD to
outperformthe ervironmentwith no-admissiorcontrol when
usingthe Economymodel.

Note that utility of MAD with =-20is a constantpositive
with the Economy Standardand Premiummodels.When =-
40, MAD' s utility drops as a function of load becausethe
numberof unsatis ed requestsancreaseswith this threshold,
seeFigure 3.c.

D. Detailed ExperimentalResults

Tablesll, IlIl, and IV shaw utility of eachmodelin both
Instantaneousand Delayed mode. Each table summarizes
resultsfor aspeci c model:Economy StandardandPremium.
A tablereportsthe maximumobsened utility for eachpolicy
and the correspondinghresholdat which this maximum is
realized.We employ a setnotationto shav thresholdvalues
becausethe samemaximum might have been obsened for
several values.

Two different system loads are presented:First, a light
systemload where 2 randomclientsissuerequestsat a time.
Even if both referencedifferent clips from the samesener,
the available network bandwidth (10 Mbps) accommodates
both requestsallocating a total of 8 Mbps. Second,a high



2 Active Displays

| 10 Active Displays |

| | Instantaneous | Delayed, =15Sec | Instantaneous | Delayed, =15Sec |
Max  Threshold| Max  Threshold | Max Threshold| Max  Threshold

utility utility utility utility

Admit-All 43.00 N/A 42.00 N/A 22.00 N/A 18.00 N/A

Reject-All 0 N/A 0 N/A 0 N/A 0 N/A
SC 45.00 43.00 30.00 22.00
SB 45.00 43.00 27.00 19.00
PB 45.00 43.00 27.00 19.00
MAD 45.00 43.00 29.00 22.00

TABLE 1l

A COMPARSION OF ALTERNATIVE ADMISSION CONTROL POLICIESWITH THE ECONOMY MODEL,

=4 MBPS, AND 16 C2P2 DEVICES: 3

STATIONARY SERVERSAND 13 MOBILE CANDIDATE CLIENTS.

2 Active Displays

| 10 Active Displays |

| | Instantaneous | Delayed, =15Sec | Instantaneous | Delayed, =15Sec |
Max Threshold | Max Threshold Max Threshold | Max Threshold
utility utility utility utility
Admit-All -14.00 N/A 32.00 N/A -56.00 N/A 13.00 N/A
Reject-All 0 N/A 0 N/A 0 N/A 0 N/A
SC 11.00 32.00 -101,-80,-60,-40 | 1.00 18.00
SB 13.00 32.00 -101,-80,-60,-40 1.00 13.00 -101,-80,-60
PB 12.00 32.00 -101,-80,-60,-40 1.00 13.00 -101,-80,-60
MAD 18.00 33.00 21.00 21.00
TABLE 1l

A COMPARSION OF ALTERNATIVE ADMISSION CONTROL POLICIESWITH THE STANDARD M ODEL,

=4 MBPS, AND 16 C2P2 DEVICES: 3

STATIONARY SERVERS AND 13 MOBILE CANDIDATE CLIENTS.

2 Active Displays

| 10 Active Displays |

| | Instantaneous | Delayed, =15 Sec | Instantaneous [ Delayed, =15Sec |
Max Threshold| Max  Threshold| Max Threshold| Max  Threshold
utility utility utility utility
Admit-All | -242.00 N/A -12.80 N/A -368.00 N/A -14.70 N/A
Reject-All -10 N/A -10 N/A -10 N/A -10 N/A
SC -8.90 -8.90 -8.90 -5.40
SB -8.90 -8.90 -8.90 -8.90
PB -8.90 -8.90 -8.90 -8.90
MAD 9.80 9.80 9.30 9.30
TABLE IV

A COMPARSION OF ALTERNATIVE ADMISSION CONTROL POLICIESWITH THE PREMIUM MODEL,

=4 MBPS, AND 16 C2P2 DEVICES: 3

STATIONARY SERVERSAND 13 MOBILE CANDIDATE CLIENTS.

systemload where 10 random clients issue requestssimul-
taneously requiring 40 Mbps and exhaustingthe available
bandwidth. (With 3 seners, a maximum bandwidth of 30
Mbpsis supportedy the systemassuminganevendistribution
of active displaysacrossthe clients.) With eachload, a total
of 100 requestsare issuedto the system.The utility shovn
with the Economy model, see Table II, is the number of
satis ed requests.A low systemload results in a higher
numberof satis ed requestswith all policieswhencompared
with a high load. This value is maximizedby increasingthe
number of admitted requests,explaining why Instantaneous
modeoutperformghe Delayedmode.With the Standardutility
modelassigninga -1 to eachfailed admittedrequestDelayed
mode of operation becomessuperiorto Instantaneoussee
Tablelll. This holdstrue acrossall policies.Note that SB and

PB areno differentthanAdmit-all in thiscaseThisis re ected
by thefactthata thresholdof -101 (admitsall requests)s one
of the thresholdghat maximizesutility of SB andPB with the
Standardmodel.

With the Premium model assigninga -5 to each failed
admittedrequestsand a -0.1 to eachrejectedrequest,MAD
outperformsall other policies, see Table IV. Note that the
Delayed mode continuesto improve an Admit-all policy.
Moreover, a policy that rejectsall requestsprovides a com-
parableutility to SC, SB, and PB.

Tablesll, Ill, andIV shav the superiorityof MAD with the
Premiumand Standardnodels.With thesemodels,a Delayed
mode of operationthat samplesavailable bandwidthfor 15
secondsfurther enhancesall policies (including the naive
Admit-all policy). In the restof this section,we analyzethe
characteristicof MAD as a function of different thresholds



Premium Utitlity
T T T T T T T T T T T

— —a—

MAD, Threshold = 20

No Admission Control

e NI A I
Number of Active Displays
2.a) Premium

Standard Uttty
T T T T T T T T T T T

MAD, Threshold = 20

No Admission Control

2 3 4 5 6 7 8 9
Number of Active Displays

2.b) Standard

Economy Utitlity

N
=

40t

No Admission Control

MAD, Threshold = 20.

1 2 3 4 5 6 7 8 9 10 11 12 13
Number of Active Displays

2.c) Economy

Fig. 2. A comparisonof Instantaneous-MADwith an ervironment that
emplg/s no admissioncontrol. The environmentconsistsof 16 C2P2devices:
3 stationaryseners and 13 mobile clients.

with mobile seners, InstantaneousersusDelayed mode of
operation,anddifferentloads(both numberof active displays
and bandwidthrequiredduring ).

Figure 4 shows the utility of MAD with alternatve models
for both stationaryand mobile seners as a function of alter
native threshold( ) settings.This gure shows the following.
First, the utility of all the modelsimproveswhensenersare
mobile. Second,the utility of all models becomesa x ed
constantwhen . Third, the obsened trends when
comparingthe Delayedmodewith the Instantaneousodein
a mobile sener ervironmentare similar to the discussionof
stationaryseners.We now describethe rst two obsenations
in turn. (Seethe discussionof Tablesll, I, and IV for an
explanationof the third obsenation.) To explain the rst, note
thatthereare no permanentlark regionswith mobile seners.

Number of Rejected Requests
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2 3 4 10 11 12 13

5 6 7 8 9
Number of Active Displays

3.c) Failed Admit

Fig. 3. Rejected( ), successfullyadmitted( ), andfailed admitted( )
requestswith different numberof active displaysand 16 C2P2 devices: 3
stationaryseners,and 13 mobile clients.

With permanendark regions (stationaryseners), an actively
displaying client might travel in one of theseregions where
no bandwidthis availablefor a sustainegeriodof time. Upon
exiting such an area, this client attemptsto download the
remainingportion of a clip at a higher rate. When this rate
exceedsl 0 Mbps (maximumnetwork bandwidth),this request
is discardedas a failed requestbecauset is impossibleto
download the remainingportion of the clip in the remaining
time. With transientdark regions as is the casewith mobile
seners,the likelihood of suchscenariods minimized.
In Figure 4 (and Figure 5), MAD rejectsall requestswith
. This causesthe Standardand Economymodelsto
corverge to zero, while the Premiummodel corvergesto -
10 becauseeach rejectedrequesthas a value of -0.1 (see
Tablel) andthereare 100 requestsThis explainsthe second
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Fig. 4. Analysis of Instantaneousand Delayed MAD with mobile and

stationaryseners. The ervironmentconsistsof 16 C2P2devices: 3 seners,
and 13 mobile clients. With mobile, seners and clients move at the same
speed With stationary senersare parked in road stretchesl, 6, and 11.

obsenation.

Figure 5 comparesDelayed MAD with different system
loads.While Figure5.ashaws two differentnumberof simul-
taneousdisplays(2 and 10), Figure 5.b shavs two different
bandwidth requirementsduring (4 and 8 Mbps). Both
gures shav a reducedutility for all modelswith a higher
systemoad.Moreover, thethresholdthatmaximizeshe utility
of a model changesfor a given systemload. For example,
the maximum utility with the Premium model is obsened
at a different threshold;at -60 with 8 Mbps and -20 with 4
Mbps, SeeFigure5.b. This is alsoobsenedwith the Standard
and Economymodels.This againemphasizeshat for a given
utility model,eachpolicy hasan ideal threshold which
providesthe bestperformance.

IV. CONCLUSIONS AND FUTURE RESEARCH
DIRECTIONS

The primary contribution of this paperis a mobility based
admissioncontrol policy (MAD) for delivery of continuous
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Fig. 5. A comparisonof DelayedMAD ( = 15 Sec)with differentload
parameterand 16 C2P2devices: 3 mobile seners,and 13 mobile clients.

mediain anad-hocnetwork of C2P2devices.Our experimen-
tal resultsdemonstratehe following. First, with continuous
media, an ervironment that employs admission control is
superior to one without admissioncontrol. Second, MAD
outperformstraditional admissioncontrol policies (for wired
networks) when the ervironmentis penalizedfor failing to
service admitted requests.Third, with a delayedapproach,
underheary load conditions,the performanceof all policies
including the naive admit-all approachimprovesconsiderably
We arecurrentlyextendingthis studyin severalways.First,
we are developing techniquesthat enableour framework to
determinethe appropriatethresholdvalue () for use with
MAD. Based on the experimental results of Section IlI-
D, thesetechniquesestimatesystemload and the expected
amountof work imposedby a displayto determine . Second,
we areinvestigatingthe useof a deadlinedriven datadelivery
techniqueas an extensionof DSR to further maximize the
numberof admittedrequestghat aresatis ed with MAD. The
discussion®f Sectionlll assumedhe datais deliveredfrom a
senerto aclient at a rate of . With the deadlinedriven




approachgachblock is taggedwith a lifetime. This enablesa
senerto pushdatato a clientatafasteratethan when
thead-hocnetwork is idle. Moreover, deadlinesmight expedite
delivery of thoseblocksthatareneedednoreurgently. Finally,
we areinvestigatinghe designandevaluationof a meta-poligy
thatcombinesSC, SB, andPB with MAD. This policy assigns
aweightto eachcomponentn orderto considerboth available
bandwidthand mobility.
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APPENDIX

Beforewe move on to addresghe challengesof admission
control for multiple simultaneouddisplays,we rst needto
understandhe basic data placementand delivery scheduling
stratgiesthat are neededo provide satistctory performance
evenin a single display scenario.This sectionfocuseson the
display of a single clip in a C2P2 network. It shavs that
contentreplicationand block-level switchedretrieval of data
from proximateseners provideslow-lateng delivery of high
data-ratecontent.

The basic principle behind replication and block-switched
retrieval is asfollows.

The clip is replicatedon  seners,and divided into iden-
ti able segmentsknown as blocks (of size ). The client is
assumedo be able to determinethe identity and location of
thesesenersthrougha resourcediscovery protocol. (See[2]
for a descriptionof techniquego identify nodeswith relevant
datain an unaddressabl&ired network.) When the retrieval
of a clip is initiated, the client requestshe rst block from
the nearestsener. As eachsuccessie block is retrieved, this
processis repeated,with the client always requestingthe
information from the nearestsener. There are thereforetwo
key parameter®f interest:the block size , andthe number
of seners

Intuitively, as the numberof senersis increasedand the
block sizeis decreasedhereis a greaterdiversity of choices
(higher likelihood that at leastone sener is always nearthe
clientin the network) and greateradaptatiorto mobility (due
to increasedrequeng of switching),enablinganimprovement
in the quality of continuousmedia retrieval. This requires
greater overheadas the frequeng of switching increases.
However, this approachdepend®n theblock sizeandspeedf
the carswhich in turn determineghe frequeng of switching.
Notethatif the mobility characteristicef theervironmentlead
to frequentchangesn the proximatesener whena decisionis
to be madeper block thenthe bene ts of choosingthe closest
sener may becomelower the costincurreddueto the added
overheadf extremelyfrequentswitches.n othercaseswhen
the proximatesener doesnot changeon a per block basisthe
bene ts obtainedare substantialand exceedthe overheadin
the sener selectionprocess(Typically muchlesseroverhead
is incurredin probingto nd out if the currentsener is the
"closest” than switchingto a new sener, andif this switches
are not that frequentthen comparedto the duration of data
transferthis overheadalso becomesnggligible.) We validate
this throughsimulationresultsbut have ignoredthe switching
overhead.

Figure 6 shavs sampleruns of datadelivery using block-
switched retrieval testedvia ns-2 simulation of a 20-node
MANET with randomwaypoint mobility.
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Fig. 6. Simulation results of paclet arrival times for a sample

run involving block-basedstaggerechon-redundantetrieval from 8
seners for two different block sizes; maximum node velocity 30
meters/secdelivery rate 2 Mbps and playbackrate 4 Mbps.

Other simulation parametersare: areais 200x200m,link-
bandwidthis 10 Mega bits per second(Mbps), clip-display
time is 120 Secondsand the underlying routing protocol is
Dynamic Source Routing (DSR) [8]. The vertical lines in
Figure 6.a representtimes when there is a sener switch.
Thereare two sloping curves. The top one shows the paclet
arrival times, with some small gapsthat correspondo path
breaksdue to mobility. The secondcurwe is a line which
representghe rate of data playbackas a function of time?.
For illustration, we have chosena playbackrate of 4 Mbps
in this gure, while the delivery rate is 2 Mbps. The point
wherethe playbacktime curve intersectshe x-axis represents

SWe focus on clips with a ConstantBit Rate (CBR) display requirement.
Hiccup-free delivery of Variable Bit Rate (VBR) encodedclips can be
conceptualizedsa sequencef CBR delivery scheduleg15].
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Fig. 7. Startup lateny and total bandwidth usage(in terms of
paclets hops)for hiccup-freedelivery asafunctionof the numberof
senersfor low andhigh block sizes(max. velocity 30 m/s, delivery
and playbackrate 4 Mbps) for a single-clientscenario.

the minimum startup lateng for hiccup-freedisplay When
thereare greaternumbersof pathfailures,the startuplateng
deterioratesWhena smallerblock size(suchas1KB) is used,
the client refreshests sener connectionfrequentlyandthere
are fewer intra-block path failuresin this scenarioand as a
resultthe correspondingstartuplateny can be reduced.

Figure 7 shavs how the startuplateng and the total in-
network bandwidthusagevariesas a function of the number
of senersfor differentblock sizes.

The rst obsenation is that the startuplateng is reduced
signi cantly as the number of seners (i.e. the degree of

4Naturally choosinga smaller block-size also increasesthe number of
route setup messagesequired by the underlying DSR protocol, but this
additionaloverheads relatively insigni®cantcomparedo thelarge bandwidth
applicationdata.



replication)is increasedWe can seereductionsof morethan
20 timesin somecasespy increasingthe numberof seners
from 1 to 12. Figure7 alsoshaws that the startuplateng can
be reducedby up to 12 timeswith a 1 KB block size when
comparedvith a1 MB block size.Theseresultsshav anorder
of magnitudeQoSimprovementsn the startuplateny metric
and signi cant reductionin bandwidthusagewith sufcient
replicationand block-switchedretrievals.

Having addressedhe stratgies neededfor robust single-
display downloads,we now turn to the challengesinherent
in the downloadof multiple simultaneouslisplays.Given the
limited bandwidth of wirelesschannels,the high data-rates
for continuousmediadelivery, andthe dynamicsof the C2P2
MANET topology intelligent admissioncontrol is a must.



