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Abstract

In thispaperweinvestigateabroadcast-W@WD problemin anintegratedwirelessmobilenetwork. Existingwireless
mobile networks can be classifiedinto single-hop(suchas GSM system)and multi-hop mobile networks (suchas
Ad-hoc network). A single-hopwirelessmobile network is characterizedy eachbasestation(or BS) connecting
to other BS by a wired network, but eachmobile host (or MH) communicatingwith its own BS within one-hop
transmissiorradius. Our proposedwirelessmobile network is an integration of single-hopand multi-hop mobile
networks. Theintegratednetwork is characterizetby eachBS connectingo otherBS by a wired network, but each
MH communicatingwvith a BS within multi-hop transmissiorsteps. In our integratednetwork, BSsare connected
by a 2-D tori interconnectiometwork. In addition,animportantapplication,calledasbroadcast-@D protocol,is
presentedn suchintegratednetwork. Thereforetwo contritutionsarepresentedn this paper:(a) a new integrated
wirelessmobile network is proposed(b) a fastbroadcast-OD protocolis introducedin suchnewv network. In our
stratgy, VOD-dataare well scheduledand broadcasteéimong2-D tori-BSs suchthat the averagewaiting time is
minimum. In eachcell area,a VOD (Video On-Demand)s dynamicallyrequestedy ary MH at the differenttime
to on-line constructa multicasttree,while theroot nodeof multicasttreeis a BS. This guaranteethateachMH can
receve the VOD-s@mentfrom its correspondind®S within minimal waiting time. Performancenalysisverifiesthat
our proposedschemeputperformsexisting schemes.

Keywords: cellularinfrastructure proadcastingmobile Ad-hoc network (MANET), mobile computing,

multicast,wirelessnetwork.

1 Intr oduction

A videosystemis consistingof avideo-sererwith ahigh capabilityof disk-arrayatransporinetwork (ATM or cable-
modem),andthe enduser Up to date,therearemary VOD researchresultsin the wired-network [1][6][9][11][17].
For instancean optimal video placemenstratgy is proposed9] in the high-speedATM network. In addition, Su
andWang[21] proposedanon-demandnulticastrouting SchemeTheir schemaallows the destinationgccessinghe

samemulticaststreamat differenttime by usinga buffering techniqueto reducethe communicatiorbandwidth.

*Contactauthor: Yuh-ShyarChen.Thiswork wassupportedy the NationalScienceCouncil,R.O.C.,underContractNSC89-2218-E-305-003,
apreliminaryversionof this paperis accepte@ndwill bepresentect2000International Computer Symposium, Workshopon ComputeMNetworks,
Internet,andMultimedia, National ChungChengUniversity, Taiwan,Decembe-8,2000.



Existing researctsystemare mainly basedon eitherhigh-speechetwork (ATM, Ethernet)or cable-TV network
[1] [6] [9][11][17]. Therequisitionfor bandwidthand quality doesnot allow the efficient implementationof such
demandingservicesasVOD over the wirelessmobile network. It is obseredthata wirelesscommunicatiorusually
requiresdigital datato be protectedagainstchannelerror, asthe communicatiorink tendsto be lessreliablethanin

awired-network. However, recently thereare mary VOD researchresultsin the wirelessnetwork [8][16][23][26].

Initially, Meng[23] proposedwirelessvideosystemwith low-powerconsumptiorandhigh computatiorperformance

which is basedon their proposedelegantcompressioralgorithm. Recently Xu et al. [26] have proposeda QoS-

directederror control schemeof video multicastin the wirelessnetwork. Note that their schemehas high error

recovery ratefor the video framesandwith excellentscalability In addition,Zhenget al. [8] designedh QoS-avare

mobile video communicatiorstrateyy. This stratgy utilizes a new video-framecompressedechniqueto satisfythe

QoSrequirementsMore recently Davieset al. [16] developeda supportingadaptve videoapplicationgn themobile

ervironment.As a conclusionwe obsene thatexisting VOD-in-wirelessresearcherfocusedon how to build a QoS
transmissionn thewirelessnetwork.

This paperis motivatedby developinga new mobile network model. In suchnewv model, we investigatea fast
broadcast-YOD problemin the new wirelessnetwork. Existing wirelessmobile networks are classifiedinto cellular
network architecture(or single-hopwirelessnetwork with a fixed infrastructure,suchas GSM system)and multi-
hop wirelessmobile networks (without a fixed infrastructure suchas Ad-hoc network). Mobile Ad-hoc networks
(MANET) [10] [24] [7] [12] [15] [18] [3] consistf wirelesshoststhatcommunicatavith eachother in the absence
of afixedinfrastructure.A cellular network architecturewith a fixed infrastructurels normally constitutedby a set
of basestationswhile eachbasestationcommunicatesvith a mobile hostwithin a single-hopcommunicatiorradius.
A cellularnetwork architecturas characterizethy eachbasestationconnectingo otherbasestationby meansof the
wired-network, but eachmobile hostcommunicatesvith its own basestationwithin one-hoptransmissiomadius.Due
to considerationsuchasradio power limitations, power consumptionandchannelutilization, a mobile hostmay not
be ableto communicatedirectly with otherhostsin a single-hopfashion. A multi-hop scenariooccurs,wherethe
pacletssentby the sourcehostareretransmittedy severalintermediatehostsbeforereachinghe destinatiorhost.In
MANET, hostmobility cancausefrequentunpredictabléopology changesthusdesignprotocolsmorecomplicated
thantraditional single-hopwirelessmobile network. Unfortunately it is existing fewer applicationsn the multi-hop
wirelessnetwork. Thereforethis papetis to presentanintegratedwirelessnetwork model,whichis possessingatural
adwantageof bothwirelessnetworks. A relatedwork is thatQiaoet al. [20] proposedanintegratedcellularandad-hoc
relaysystem.Qiaoet al. [20] proposdo integratethecellularinfrastructurevith modernad-hocrelayingtechnologies
to achieve dynamicloadbalancingamongdifferentcellsin a cost-efective way.

Themajorcontritution of this paperis to proposeanintegratedwirelessmobile network. Ourintegratednetworkis
characterizethy eachbasestationconnectingo otherbasestationby a wired network, but eachmobile hostcommu-
nicateswith a BS within multi-hoptransmissiorsteps.Obsenrethat,in ourintegratednetwork, BSsareconnectedy
a2-D tori interconnectiometwork, whichis calledasthe 2-D tori-BSs.Oneimportantadvantageof our new network

is to build a wirelessnetwork infrastructureby usinglessnumberof BSs. Our proposedschemads suitableto build a



wirelessnetwork infrastructurewith low hardwarecost. Thatis, thereonly needfewer numberof basestationsin the
samecoveringarea but eachmobile hostmustcommunicateo a basestationby the multi-hopfashion.

Oneimportanttechniquen single-hopwirelessnetwork is the video-on-demangroblem,suchthatmobile user
canretrieve video datathroughbasestation[17][11][9][1][6]. Someapplicationsusingthe above techniqueis the
distancelearningand video conferencegtc. In this paper we will proposea fast broadcast-¥OD schemein our
integratednetwork to handlethevideo-on-deman¢/OD) problem.Therefore fwo contributionsarepresentedh this
paper;(a) a new integratedwirelessmobile network is proposed(b) a fastbroadcast-¥OD protocolis introducedin
suchnew network. In our stratgy, VOD-dataarewell schedulecandbroadcastinggmong2-D tori-BSssuchthatthe
averagewaitingtime is minimum. In eachcell areaaVOD (VideoOn-Demand)s dynamicallyrequestedby any MH
atthedifferenttime to on-line constructa multicasttree,while theroot nodeof multicasttreeis a BS. This guarantees
thateachMH canreceie the VOD-segmentfrom its correspondindS within minimal waiting time. Performance
analysisverifiesthatour proposedschemeutperformsexisting schemes.

Therestof thepaperis organizedasfollows. Section? introduceghenew wirelessnetwork model. Our broadcast-

VOD protocolis presentedh Section3. Sectiord illustratesperformancenalysis.Section5 concludeghis paper

2 The Integrated Wir elessNetwork Model

We now formally defineour integratedwirelessmobile network. Ourintegratednetwork is characterizethy eachBS
connectingto otherBS by a wired network, but eachMH communicatingwith a BS within multi-hop transmission
steps.

A wirelessnetwork canbe formally representeés G = (V,C), whereV denoteshe BS setandC specifiesthe
wired-network connectvity. EachBS containsa separateouterto handleits communicatiortasks.In this paperwe
considerG asa 2-dimensionatorus Ty, xn, With n; x np BSs[25]. EachBSis denotedasB;j, 1<i<n, 1<j<m
andB;, i, hasanedgeconnected;j,+ 1) modn, i, @longdimensiononeandanedgeto B;, (i,+1)modn, @lONgdimension
two. Eachedgeis consideredconsistingof two directedcommunicatiorlinks pointing in oppositedirections. An
exampleof Bj j, 1 <i<5and1< j <5, isgivenin Fig. 1. Eachcell areais definedasa MH’s moving areawhich
boundsby four neighboringBSsasillustratedin Fig. 1, andeachMH canconnectto four neighboringBSsby the
multi-hopfashion.

In our integratednetwork, BSsare connectedy a 2-D tori interconnectiometwork [25]. For simplicity, such
structureis denotedas 2-D tori-BSs. We make the following obsenation. The main advantageof our integrated
network is to reducethe numberof BSs. Ourintegratedwirelessmobilenetwork is usedto supporta wirelessnetwork

infrastructureusingfewer numberof BSs. The proposedroadcast-OD protocolis dividedinto two parts.

1. The BroadcastProtocol — The original video datais partitionedinto datasubsgmentswhich arelocatedon

BSs,schedulecgindbroadcastingn the 2-D tori-BSs.

2. The VOD Protocol—- EachMH performsthe VOD protocolto receve thefirst datasubsgmentwith minimal

waiting time.



Figurel: An exampleof B; j, wherel <i<5and1< j <5,

3 The ProposedBroadcastProtocol

Two operation®f broadcastingprotocolin 2-D tori-BSsareintroduced.

o Data AssignmentOperation — It describeghe datainitialization of the video sggmentsinto the 2-D tori-BSs.

¢ Data BroadcastOperation — It denoteshe dataschedulingandbroadcastingperationsn the 2-D tori-BSs.
In thefollowing, we will describeheseoperationsn detail.

3.1 Data AssignmentOperation

Considerthatthereis n x n 2-D tori-BSs. Givena video, denotedas S, which is divided into 2n? datasubsgments,
sothatSis equallysplitinto {S;,$,Ss, ..., Sz} It reflectsthe factthateachBS keepstwo datasubsgmentat the
sametime. In otherwords,we assumehateachBS just only keepstwo datasubsgmentsat any time. This indicates
thatour schemehasthe advantageof low memorycost. An instances shavnin Fig. 2, if we assumeahatn =5 anda
videois dividedinto 50 datasubsgments.
In the following, we will describehow to allocatethe {S;,$,Ss,...,S,2} into nx n 2-D tori-BSs. We begin

by classifiedthe {S1,$,Ss,...,S2} into two groups. First group, denotedas G,, consistsof odd numberof data-
subsgments{S, %3, Ss,...,S2_1}. Secondgroup, denotedas Ge, consistsof even numberof data-subsgments

{$2,%,S,---,S2}- Sincethe dataallocationrule of G, andGe is similar, thereforewe mainly focuson describing
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Figure6: Examplesof (a)(d) row-shift operationsand(b)(c) column-shiftoperations.

the constructingrule of G,. Recallabove instanceasillustratedin Fig. 2, a video with 50 datasubsgmentsis split
into {S1,%,Ss,- .., S0} and{S$, %, S, - -, S50}

GivenGo = {S1,%,Ss,---, Sp2_1}, Go IS againpartitionedinto two subgroups.The first subgroup denotedas
Go(1), whereGo(1) = {S1,%3,Ss,--.,Sn-1}, andall of the remainderingdata subsgments{Sn+1, 2n+3, Sn+5,

.»Sy2_1} arecollectedinto secondsubgroupwhich denotedas Go(2). Theallocationof Go(1) andGo(2) into n?

2-D tori-BSsis formally givenbelow.
G1: Eachelemenif Go(1) = {S1,%5,Ss, . .-, Sn—1} is sequentiallyputinto By 1, Bon, Bz 1, Bap,. .., andBp 1.

- ForinstanceconsidemB; j, 1<i<5,1< j<5asshavnin Fig. 3(a),everyelemendf Go(1) = {S1, 3, S5, S7, So}

is putinto By 1, Boa, B3 1, B4 4, andBs g in order

G2: Eachelemendf Go(2) = {Snt1, Sn+3, Sont 55 - - - , Sne—1 } IS sequentiallyputinto Bi—1, j, Biy1,j—1, Bit2,j, Bi+3,j-1,-- -,

andB j, for j =2..n.

- Recallabore exampleasshavn in Fig. 3(b), let eachelementof Go(2) = {S11,S13, S15, - - - » Sug}, Which are
allocatednto By, By 1, B32, Bs,1,Bs52,B1,3,B2,2,B3 3, B4,2,B5 3, ..., andBs 5. Thefinal resultis shovnin Fig.
3(c).
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Figure7: An exampleof dataretrieving operation.

We now describehow to allocateGe = {S, %4, S5, - ., Sy2} into n x n BSsbelow. The partition of Ge into two
subgroupss samewith thework in G,, andthenwe performthe sameoperationin G1 andG2 steps.An exampleis
shavnin Fig. 4(a)andFig. 4(b). Obsenethatthereis anadditionaloperationis neededo be executedIn then? 2-D
tori-BSs,eachelementin eachcolumncircularly shifts down oneposition. This operationis illustratedin Fig. 4(c).
An assignmentesultof Ge is shavn in Fig. 4(d).

As aresult,combiningwith the positioningresultof G, andGe, eachBS keepstwo distinctdatasubsgments An

exampleis givenin Fig. 5.

3.2 Data BroadcastOperation

Beforedescribingthe databroadcasbperationof G, andGe onn? 2-D tori-BSs,we now definetwo kinds of parallel

datashifting operations.

¢ Row-Shift Operation — For eachrow, a left-shift operationis performedin parallelif the row is anodd row.

Otherwise aright-shift operationis executedn parallel.
- An exampleof therow-shift operationss illustratedin Fig. 6(a)andFig. 6(d).
¢ Column-Shift Operation — A up-shiftoperationis performedn parallelfor eachcolumn.
- An instanceof the column-shiftoperationis operatedn Fig. 6(b) andFig. 6(c).

We now introducethe databroadcasbperationin the 2-D tori-BSs. The databroadcasbperationis achiezed by
executingthe datatransmissiorof Gg and Ge simultaneously The datatransmissiorof Gy is achieved by repeat-
edly performingrow-shift and column-shiftoperations.On the contrary the datatransmissiorof Ge is achieved by
repeatedlyperformingcolumn-shiftandrow-shift operations A fully exampleis shavn in Fig. 6 to expressthe data
transmissioroperationof Gy andGe. Basedon therule of our dataassignmenandtransmissioroperationsgachBS
B hastwo datasubsgmentsS, andS: atthesametime, whereS, € G, andS: € Ge. AssumethatB will receve S, and
S from row-shift and column-shiftoperationswhereS, € G, andS, € Ge. Two possibledataretrieving operations

aregivenbelow.

e If now is usingS,, thenS, will beusedon next time unit.
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¢ If now is usingS,, thenS, will beusedon next time unit.

Thatis, in our dataretrieving operation,thesetwo datasubsgmentswill be usedinterchangeablyasdisplayed
in Fig. 7. In addition, it is easilyin Fig. 8 to seethat$; is locatedin BS By ; ontime unit 1, & is in By 1 ontime
unit 2, S3 is in By 1 ontime unit 3, etc. Otherinstances illustratedin By 5, when$; is flowedto By s ontime unit 2,
andthereforeS, S, %4, S5, ..., Sz Will be sequentiallyflowedto By s on the forthcomingtime units. Obviously, it is

accomplishedhe databroadcastingperation.

4 The ProposedvOD Protocol

TheVOD stratgy is basedon multi-hoptransmissionwhich is dividedinto threeoperations.

¢ The VOD Operation — For eachMH, aVOD operationis proposedo efficiently retrieve videodatafrom BSs.

¢ The Err or-Handling and Handoff Operations— Two possiblecasesrediscussedor thefailuretransmission

andhandof problems.

4.1 The VOD Operation

The VOD operationhereinis equallyto build a multicastingtree for multiple MHs sinceour schemeallows MHs
requestheir VOD demandn thesamecell area,andthe broadcasprotocolguaranteethatfirst datasubsgmentwill
be comingto eachBS after waiting a period of time. The designdifficulty is thateachMH’s requestime may be
different. We now describethe constructionof the VOD-multicasttreein samecell areawith above consideration.
Obsene thateachcell areacanbe seenasa MANET. Existing MANET multicastrouting protocols[19] [4] [13] [5]
[14] [22] [2] canbe directly usedin our scheme.Existing multicastprotocolsare classifiedinto proactve/off-line
[19][22] andreactive/on-demand4][13][5][14] approaches. Proactve multicastprotocolis to pre-kuild a shared-
tree,andreactive multicastprotocolis to constructatreeon-demandGenerallyspeakingproactive multicastprotocol
takes high transmittingtime sincethis approachneedshigh maintenanceost. The dravbackof proactve protocol
is not alwaysfinding the shortest-path.Therefore proactive multicastprotocolis not very suitableto the topology-

changeabilitynetwork. Two casef our constructed/OD-multicasttreearediscussed.

¢ New Call — Existingreactve/on-demandnulticastprotocols[4][13][5][14] areusedfor eachnew call of aMH

to connectio a determinedS (thedeterminedule is explainedlater), suchthatthe waiting time is minimal.

¢ Joining to a Multicast Tree— Existingproactve/off-line multicastprotocols[19][22] areutilized to connecto
adeterminedS. A shared-treés to be pre-huilded, which all of the destinatiomodesof the multicasttreeare
waiting for first data-sgment.Obsenethattherootof suchsharednulticast-treds determinedy adetermined
rule which is explainedlater Whena MH initiatesa VOD requesta join operationis performedto join the
shared-tresuchthatall of thedestinatiomodeof theoriginaltreeandthe new memberarewaiting for thesame

data-subsgmentcoming.
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In the following, we presenthe determinedule, which is the rule of determiningMH connectingto a BS with
minimal waiting time of the first comingdatasubsgment. Four possibleBSsmay be connected For simplicity, let
LU, LD,RU, andRD respectiely denoteasleft-up, left-down, right-up,andright-dovn BSs,asshovnin Fig. 9. Each
of LU,LD,RU, andRD shouldrecordthe currentstoredtwo datasubsgments,which is denotedas X[i, j], where
X € {LU,LD,RU,RD}, i € Gy andj € G.. For aBS, supposehat X[i, j] representshe two datasubsgmentsiit is
worth mentionedthatif let X[i’, j’] denotethe two new datasubsgmentswhich receved by performinga row-shift
andcolumn-shiftoperationssothati’ = (j + 1) mod2n? andj’ = (i + 1) mod2n?. For instanceconsiderBy 1[1,10] as
shavnin Fig. 8(a),suchthatBy,1[11, 2] asillustratedin Fig. 8(b) atthe next time unit.

Oneimportantwork of thedata-broadcastingchemas to searchafeasiblepathfrom aMH, whichinitiatesaVOD
requestto a BS B, whereB € {LU,LD,RU, RD}. The BS B satisfiesthe following condition; B is with maximum
valuei or j of X[i, j], andX € {LU,LD,RU, RD}. Suppos¢hatLU[15,8],LD[11,16],RJ[3,14],andRD[17,4] if n=3
asshowvn in Fig. 9. We obsene thatthe maximumvalueis 17, soa MH shouldflood a path-searcipacletto searcha
pathto RD.

Following above descriptionwe assumeéhatthe maximumvalueis M, while RD keepsvalueM. We obsene that
ary nev MH, which initiatesa nev VOD requestshouldconnectto RD preservingat least2n? — M time units It is
becaus¢hatLU, LD, andRU will notgetlargervaluethanRD for 2n2 — M time units. Remindeithateachbaststation
justonly keepsthe currentstoreddata-subsgmentinformation. Following above example,BSsLU, LD, RU, andRD
justknows[15,8], [11,16], [3,14], and[17,4], respectiely. It impliesthatif any MH communicateo oneof their four
neighboringbaststations thenthis MH just canacquirethe informationof oneof BSs. However, eachMH should
know the data-subsgmentinformationof all neighboringBSs. We will provide a formulasuchthatif we canknow

oneof data-subsgmentinformationthenwe canderive threeotherdata-subsgmentinformations.

¢ A bit counteris maintainedo distinguishthe currenttime unitis oddor evenif thebit counteris 0 or 1. Givena
pair of neighboringBSsU andD, whereU andD locatedin the samecolumn. SupposehatU[i, j] andD[i’, j']

denoteghedata-subsgmentinformation,two casesareformally statedoelow.
— Casel: If thebit counteris 0, theni’ = (j 4+ 3) mod2n? andj’ = (j + 1) mod2n?. Inverselyi = (j' — 1)
mod2n? and j = (i — 3) mod 2n°.
- For instanceas shavn in Fig. 8(a), considerBSs By,1[1,10] and B2 1[13,2], so 13 = 10+ 3 and
2=1+1
— Case2: If thebit counteris 1, theni’ = (j + 1) mod2n? andj’ = (i + 3) mod 2n°. Inverselyi = (j’ — 3)
mod2n? andj = (i — 1) mod 2n?.
- For instanceasshawn in Fig. 8(b), considerBSsB1,1[11,2] andBy,1[3,14], so3=2+1and14=
11+ 3

¢ Givenapairof neighboringBSsL andR, whereL andR locatedin thesamerow. LetL[i, j] andR[i’, j’| denotes
the data-subsgmentinformation,theni’ = (i +2n) mod2n? andj’ = (j + 2n) mod2n?. Inverselyi = (i’ — 2n)

mod2n? andj = (j’ — 2n) mod 2n?.

11
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Figure9: Four neighboringBSs.

- For instanceas shavn in Fig. 9, if n= 3 and LU[15,8] and RU[3,14] are a pair of neighboringbase
stationslocatedin the samerow, 3= (1542 x 3) mod18= 3 and14= (8+ 2 x 3) mod18= 14. For an
anotherinstancejf LD[11,16] andRD[17,4] area pair of neighboringbasestationslocatedin the same

row, 11=(17—2x 3) mod18=11and16= (4—2x 3) mod18= 14.

Basedon above formula, we canobtainotherthreedata-sgmentinformationsif we just know onedata-sgment
information. If we canacquirethe four data-sgmentinformation, thenwe candeterminea final pathto one of he
four BSsin orderto wait for the first data-sgmentincoming. Obviously, the BSswith maximumvalueof [d1, do] of
B[d1,d;], whereB € {LU,LD,RU, RD}, will beelectedto bethe connectingBS. This indicatesthatthewaiting time

for thefirst data-sgmentwill be minimum.

4.2 Error-Handling and Handoff Operations

Oneadwantageof our schemeis to provide a fastrecovery processf thereis failed transmissiorand the handof
problem. Given a mobile hostMH, let MH[d] representsnobile hostkeepsS; data-sgment. Two conditionsof

reconnectingo BSsarestatedoelow.

E1: Err or-Handling — Whenthe datatransmissiorof a MH is failed, MH mayredetermine new BS suchthatthe

new BS hassmallervalueof d whichis mostnearto d.

- For instanceasshown in Fig. 10(a), the datatransmissiorof MH[17], or node10, which connectdo RD, is

failed,sonodel7 will connecto LD sincevaluel6in LD[11,16] is nearto 17.

12
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Figure10: Examplesof (a) failuretransmissionand(b) handof.

E2: Handoff —WhenaMH is leaving outtheoriginal cell areaandenterinto anew cell areathenahandof process
canbeeasilyachiezedby let MH connecto anew BS,whereBS € {LU,LD,RJU, RD}, suchthatBS hassmaller
valuethand andthe proximatevalue of d. This operationmay be connectto a multicasttreeif theroot of a

existing shared-treés the BS.

- For instanceasillustratedin Fig. 10(b),a MH[12], or nodel0, is roamingto a new cell area,sonodel7 will

connecto LD sincevaluellin LD[11,16] is nearto 12.

This indicatesthat our schemeandthe integratedwirelessnetwork model canbe usedto effectively handlethe

failedtransmissiorandhandof problems.

5 PerformanceEvaluation

Onepossibleschemas usingsnale-like orderingschemeA possibleof datatransmissiorf snale-like schemas also
outlinedasillustratedin Fig. 11(b). A comparisorof the data-allocatiorof our andsnale-like schemess illustrated
in Fig. 11(a). A videois partitionedinto n?> datasubsgments eachlength #, wherel is original videolength. Our
schemaés split videowith lengthl into 2n? datasubsgments suchthatlengthof eachdatasubsgmentis 2'? In the
following, a data-transferringinit time is assumeasU = f(z'?) in our schemetherefore2U may be usedfor the
snale-like scheme Thetotal time Titq includeswaiting time Tyaiting @anddata-transmittingime Terangmit- Therefore,

we have thefollowing result.

Tiotal = Twaiting + Tirangmit-
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Figurell: (a) Thedatapartitionand(b) datatransmissiorof snale-like scheme.
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Figure12: Theaveragewaiting time of (a) oursand(b) snale-like schemen a Bss.

Figure13: Theaveragewaiting time of (a) oursand(b) snale-like schemen aB7x7.
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Figurel4: A comparisortableof averagewaiting time vs. numberof BSs.
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Figurel5: A comparisortableof averagewaiting time vs. numberof BSs.
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It is obsenedthatthe time costof Tiqta is mainly determinedoy valueof Twaiting- Therefore,a simulationresult
is givento make a comparisorof Tuaiting for our and snale-like schemes.The formula of the averagewaiting time

formulaof our schemendsnale-like schemeaespectiely are

2n?
s (22 =M +1)%U)
k=1
2n2
and
n2
S (P =M+1)x 2U)
k=1
n2

, whereM is the maximalvalueof datasubsgmentin {LU,LD,RJ,RD} of acell area.In our simulation,we let
unittime U = %’ minute. For example,the averagewaiting time Tyaiting Of Bsxs and Bzx7 for our andsnale-like
schemesreillustratedin Fig. 12 andFig. 13.

A formal comparisortableof the averagewaiting time of our andsnale-like schemesregivenin Fig. 14, where
nis varyingfrom 3 to 17. Theresultof Fig. 14 is obtainedoy assumedhateachcell areaexistsoneMH which wait
for thefirst data-sgmentS;. It is obsenedthatour averagewaiting time is betterthansnale-like schemehas.

To illustratethe effect of the averagewaiting time vs. the failure transmission A simulationis doneby making
differentassumption.Note that Fig. 15 is obtainedby assumedhat eachcell areaexists one MH but waits for the
data-subsgmentS, wherel < i < 2n?. Thisindicatesthatthefailuretransmissioris occurredduringtransmittingthe
data-subsgmentS. Fromtheresultof Fig. 14 andFig. 15, we obsene thatthe averagewaiting time of our schemas
betterthansnale-like schemeBy comparingthe simulationresultof our schemdrom Fig. 14 andFig.15,it is worth
notingthatthe averagewaiting time for thefailuretransmissions approximatelyequalto the new call has.It implies
thatthe our schemds a stablestrateyy. To concludethis section|t is beneficialto adoptour proposedschemewhich

is evaluatedby our simulationresult.

6 Conclusion

In this paper we investigatea broadcast-¥DD problemin an integratedwirelessmobile network. Existingwireless
mobile networks can be classifiedinto single-hop(suchas GSM system)and multi-hop mobile networks (suchas
Ad-hocnetwork). A single-hopwirelessmobile network is characterizedy eachbasestation(or BS) connectingo

otherBSthroughMSC (mobile stationcenter)by awired network, but eachmobile host(or MH) communicatingvith

its own BS within one-hoptransmissiomadius.Our proposedvirelessmobile network is anintegrationof single-hop
andmulti-hopmobilenetworks. Theintegratednetwork is characterizethy eachBS connectingo otherBS by awired
network, but eachMH communicatingvith a BS within multi-hoptransmissiorsteps.In ourintegratednetwork, BSs
are connectedby a 2-D tori interconnectiometwork. In addition,an importantapplication,called broadcast-\DD
protocol,is presentedn suchanintegratednetwork. Therefore two contributionsare presentedn this paper:(a) a
new integratedwirelessmobile network is proposed(b) a fastbroadcast-DD protocolis introducedin sucha new

network. In our stratgy, VOD-dataarewell schedulecand broadcaste@mong2-D tori-BSssuchthatthe average
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waiting time is minimum. In eachcell area,a VOD (Video On-Demand)s dynamicallyrequestedy any MH atthe
differenttime to dynamicallyconstructa multicasttree,while the root nodeof multicasttreeis a BS. This guarantees
thateachMH canreceie the VOD-segmentfrom its correspondindS within minimal waiting time. Performance

analysigustifiedthatour proposedschemesutperformsexisting schemes.
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