
A Broadcast-VOD Protocol in an Integrated Wir elessMobile
Network

�

Yuh-ShyanChenandYuan-ChunLin

Departmentof Statistics,NationalTaipeiUniversity
Taipei,10433,Taiwan,R.O.C.

Tel: 886-2-25009837,Fax: 886-2-25064325
Email: yschen@mail.ntpu.edu.tw

Oct. 27,2000

Abstract

In thispaper, weinvestigateabroadcast-VOD problemin anintegratedwirelessmobilenetwork. Existingwireless
mobile networks canbe classifiedinto single-hop(suchasGSM system)andmulti-hop mobile networks (suchas
Ad-hoc network). A single-hopwirelessmobile network is characterizedby eachbasestation(or BS) connecting
to other BS by a wired network, but eachmobile host (or MH) communicatingwith its own BS within one-hop
transmissionradius. Our proposedwirelessmobile network is an integrationof single-hopandmulti-hop mobile
networks. Theintegratednetwork is characterizedby eachBS connectingto otherBS by a wired network, but each
MH communicatingwith a BS within multi-hop transmissionsteps. In our integratednetwork, BSsareconnected
by a 2-D tori interconnectionnetwork. In addition,an importantapplication,calledasbroadcast-VOD protocol,is
presentedin suchintegratednetwork. Therefore,two contributionsarepresentedin this paper:(a) a new integrated
wirelessmobilenetwork is proposed,(b) a fastbroadcast-VOD protocolis introducedin suchnew network. In our
strategy, VOD-dataarewell scheduledandbroadcastedamong2-D tori-BSssuchthat the averagewaiting time is
minimum. In eachcell area,a VOD (VideoOn-Demand)is dynamicallyrequestedby any MH at thedifferenttime
to on-lineconstructa multicasttree,while theroot nodeof multicasttreeis a BS.This guaranteesthateachMH can
receive theVOD-segmentfrom its correspondingBSwithin minimalwaiting time. Performanceanalysisverifiesthat
our proposedschemeoutperformsexistingschemes.

Keywords: cellular infrastructure,broadcasting,mobileAd-hocnetwork (MANET), mobilecomputing,

multicast,wirelessnetwork.

1 Intr oduction

A videosystemis consistingof avideo-serverwith ahighcapabilityof disk-array, a transportnetwork (ATM or cable-

modem),andtheenduser. Up to date,therearemany VOD researchresultsin thewired-network [1][6][9][11][17].

For instance,an optimal video placementstrategy is proposed[9] in the high-speedATM network. In addition,Su

andWang[21] proposedanon-demandmulticastroutingScheme.Their schemeallowsthedestinationsaccessingthe

samemulticaststreamat differenttimeby usinga buffering techniqueto reducethecommunicationbandwidth.
�
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apreliminaryversionof thispaperis acceptedandwill bepresentedat2000International Computer Symposium, WorkshoponComputerNetworks,
Internet,andMultimedia,NationalChungChengUniversity, Taiwan,December6-8,2000.
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Existing researchsystemaremainly basedon eitherhigh-speednetwork (ATM, Ethernet)or cable-TVnetwork

[1] [6] [9][11][17]. The requisitionfor bandwidthandquality doesnot allow the efficient implementationof such

demandingservicesasVOD over thewirelessmobilenetwork. It is observedthata wirelesscommunicationusually

requiresdigital datato beprotectedagainstchannelerror, asthecommunicationlink tendsto be lessreliablethanin

a wired-network. However, recently, therearemany VOD researchresultsin the wirelessnetwork [8][16][23][26].

Initially, Meng[23] proposedawirelessvideosystemwith low-powerconsumptionandhighcomputationperformance

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

directederror control schemeof video multicast in the wirelessnetwork. Note that their schemehashigh error

recovery ratefor thevideoframesandwith excellentscalability. In addition,Zhenget al. [8] designeda QoS-aware

mobilevideocommunicationstrategy. This strategy utilizesa new video-framecompressedtechniqueto satisfythe

QoSrequirements.More recently, Davieset al. [16] developedasupportingadaptivevideoapplicationsin themobile

environment.As a conclusion,we observe thatexisting VOD-in-wirelessresearchersfocusedon how to build a QoS

transmissionin thewirelessnetwork.

This paperis motivatedby developinga new mobile network model. In suchnew model,we investigatea fast

broadcast-VOD problemin the new wirelessnetwork. Existingwirelessmobilenetworksareclassifiedinto cellular

network architecture(or single-hopwirelessnetwork with a fixed infrastructure,suchasGSM system)andmulti-

hop wirelessmobile networks (without a fixed infrastructure,suchasAd-hoc network). Mobile Ad-hoc networks

(MANET) [10] [24] [7] [12] [15] [18] [3] consistsof wirelesshoststhatcommunicatewith eachother, in theabsence

of a fixed infrastructure.A cellular network architecturewith a fixed infrastructureis normally constitutedby a set

of basestations,while eachbasestationcommunicateswith amobilehostwithin a single-hopcommunicationradius.

A cellularnetwork architectureis characterizedby eachbasestationconnectingto otherbasestationby meansof the

wired-network,but eachmobilehostcommunicateswith its own basestationwithin one-hoptransmissionradius.Due

to considerationssuchasradiopower limitations,powerconsumption,andchannelutilization,a mobilehostmaynot

be ableto communicatedirectly with otherhostsin a single-hopfashion. A multi-hop scenariooccurs,wherethe

packetssentby thesourcehostareretransmittedby severalintermediatehostsbeforereachingthedestinationhost.In

MANET, hostmobility cancausefrequentunpredictabletopologychanges,thusdesignprotocolsmorecomplicated

thantraditionalsingle-hopwirelessmobilenetwork. Unfortunately, it is existing fewer applicationsin themulti-hop

wirelessnetwork. Therefore,thispaperis to presentanintegratedwirelessnetwork model,whichis possessingnatural

advantageof bothwirelessnetworks.A relatedwork is thatQiaoet al. [20] proposedanintegratedcellularandad-hoc

relaysystem.Qiaoet al. [20] proposeto integratethecellularinfrastructurewith modernad-hocrelayingtechnologies

to achievedynamicloadbalancingamongdifferentcellsin acost-effectiveway.

Themajorcontributionof thispaperis to proposeanintegratedwirelessmobilenetwork. Our integratednetwork is

characterizedby eachbasestationconnectingto otherbasestationby a wired network, but eachmobilehostcommu-

nicateswith a BS within multi-hoptransmissionsteps.Observethat,in our integratednetwork, BSsareconnectedby

a2-D tori interconnectionnetwork, which is calledasthe2-D tori-BSs.Oneimportantadvantageof ournew network

is to build a wirelessnetwork infrastructureby usinglessnumberof BSs.Our proposedschemeis suitableto build a
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wirelessnetwork infrastructurewith low hardwarecost.Thatis, thereonly needsfewernumberof basestationsin the

samecoveringarea,but eachmobilehostmustcommunicateto abasestationby themulti-hopfashion.

Oneimportanttechniquein single-hopwirelessnetwork is thevideo-on-demandproblem,suchthatmobileuser

canretrieve video datathroughbasestation[17][11][9][1][6]. Someapplicationsusing the above techniqueis the

distancelearningand video conference,etc. In this paper, we will proposea fast broadcast-VOD schemein our

integratednetwork to handlethevideo-on-demand(VOD) problem.Therefore,two contributionsarepresentedin this

paper;(a) a new integratedwirelessmobilenetwork is proposed,(b) a fastbroadcast-VOD protocolis introducedin

suchnew network. In our strategy, VOD-dataarewell scheduledandbroadcastingamong2-D tori-BSssuchthat the

averagewaiting time is minimum.In eachcell area,aVOD (VideoOn-Demand)is dynamicallyrequestedby any MH

at thedifferenttime to on-lineconstructamulticasttree,while therootnodeof multicasttreeis aBS.Thisguarantees

that eachMH canreceive the VOD-segmentfrom its correspondingBS within minimal waiting time. Performance

analysisverifiesthatour proposedschemeoutperformsexistingschemes.

Therestof thepaperis organizedasfollows. Section2 introducesthenew wirelessnetwork model.Ourbroadcast-

VOD protocolis presentedin Section3. Section4 illustratesperformanceanalysis.Section5 concludesthis paper.

2 The Integrated Wir elessNetwork Model

We now formally defineour integratedwirelessmobilenetwork. Our integratednetwork is characterizedby eachBS

connectingto otherBS by a wired network, but eachMH communicatingwith a BS within multi-hop transmission

steps.

A wirelessnetwork canbe formally representedasG � � V � C � , whereV denotesthe BS setandC specifiesthe

wired-network connectivity. EachBS containsa separaterouterto handleits communicationtasks.In this paper, we

considerG asa 2-dimensionaltorusTn1 � n2 with n1 � n2 BSs[25]. EachBS is denotedasBi � j, 1 	 i 	 n1, 1 	 j 	 n2

andBi1 � i2 hasanedgeconnectedB 
 i1 � 1� modn1 � i2 alongdimensiononeandanedgeto Bi1 � 
 i2 � 1� modn2
alongdimension

two. Eachedgeis consideredconsistingof two directedcommunicationlinks pointing in oppositedirections. An

exampleof Bi � j, 1 	 i 	 5 and1 	 j 	 5 � is givenin Fig. 1. Eachcell areais definedasa MH’s moving areawhich

boundsby four neighboringBSsasillustratedin Fig. 1, andeachMH canconnectto four neighboringBSsby the

multi-hopfashion.

In our integratednetwork, BSsareconnectedby a 2-D tori interconnectionnetwork [25]. For simplicity, such

structureis denotedas 2-D tori-BSs. We make the following observation. The main advantageof our integrated

network is to reducethenumberof BSs.Our integratedwirelessmobilenetwork is usedto supportawirelessnetwork

infrastructureusingfewernumberof BSs.Theproposedbroadcast-VOD protocolis dividedinto two parts.

1. The BroadcastProtocol – Theoriginal videodatais partitionedinto datasubsegments,which arelocatedon

BSs,scheduledandbroadcastingon the2-D tori-BSs.

2. The VOD Protocol – EachMH performstheVOD protocolto receive thefirst datasubsegmentwith minimal

waiting time.
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Figure1: An exampleof Bi 
 j, where1 � i � 5 and1 � j � 5 � .

3 The ProposedBroadcastProtocol

Two operationsof broadcastingprotocolin 2-D tori-BSsareintroduced.

� Data AssignmentOperation – It describesthedatainitialization of thevideosegmentsinto the2-D tori-BSs.

� Data BroadcastOperation – It denotesthedataschedulingandbroadcastingoperationsin the2-D tori-BSs.

In thefollowing, wewill describetheseoperationsin detail.

3.1 Data AssignmentOperation

Considerthat thereis n � n 2-D tori-BSs. Givena video,denotedasS, which is divided into 2n2 datasubsegments,

so thatS is equallysplit into � S1 � S2 � S3 � � � � � S2n2 � . It reflectsthefact thateachBS keepstwo datasubsegmentat the

sametime. In otherwords,we assumethateachBS just only keepstwo datasubsegmentsat any time. This indicates

thatourschemehastheadvantageof low memorycost.An instanceis shown in Fig. 2, if we assumethatn � 5 anda

videois dividedinto 50 datasubsegments.

In the following, we will describehow to allocatethe � S1 � S2 � S3 � � � � � S2n2 � into n � n 2-D tori-BSs. We begin

by classifiedthe � S1 � S2 � S3 � � � � � S2n2 � into two groups. First group,denotedasGo, consistsof odd numberof data-

subsegments � S1 � S3 � S5 � � � � � S2n2 � 1 � . Secondgroup, denotedas Ge, consistsof even numberof data-subsegments

� S2 � S4 � S6 � � � � � S2n2 � . Sincethedataallocationrule of Go andGe is similar, therefore,we mainly focuson describing

4



Figure2: An exampleof video-partitionscheme.

Figure3: Dataassigementof Go.
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Figure4: Dataassigementof Ge.

Figure5: Thecombingresultof Go andGe.
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Figure6: Examplesof (a)(d)row-shift operationsand(b)(c) column-shiftoperations.

theconstructingrule of Go � Recallabove instanceasillustratedin Fig. 2, a videowith 50 datasubsegmentsis split

into � S1 � S3 � S5 � � � � � S49 � and � S2 � S4 � S6 � � � � � S50 � .
Given Go � � S1 � S3 � S5 � � � � � S2n2 � 1 � , Go is againpartitionedinto two subgroups.The first subgroup,denotedas

Go � 1� � whereGo � 1� � � S1 � S3 � S5 � � � � � S2n � 1 � , and all of the remainderingdatasubsegments � S2n � 1 � S2n � 3 � S2n � 5 �
� � � � S2n2 � 1 � arecollectedinto secondsubgroup,which denotedasGo � 2� . Theallocationof Go � 1� andGo � 2� into n2

2-D tori-BSsis formally givenbelow.

G1: Eachelementof Go � 1� � � S1 � S3 � S5 � � � � � S2n � 1 � is sequentiallyput into B1  1 � B2 n � B3  1 � B4 n � � � � � andBn  1.

- For instance,consideraBi  j, 1 ! i ! 5,1 ! j ! 5asshown in Fig. 3(a),everyelementof Go � 1� � � S1 � S3 � S5 � S7 � S9 �
is put into B1 1 � B2  4 � B3 1 � B4  4 � andB5  0 in order.

G2: Eachelementof Go � 2� � � S2n � 1 � S2n � 3 � S2n � 5 � � � � � S2n2 � 1 � is sequentiallyputinto Bi " 1  j � Bi � 1  j � 1 � Bi � 2 j � Bi � 3 j � 1 � � � � �
andBn  j, for j � 2 � � n �

- Recallabove exampleasshown in Fig. 3(b), let eachelementof Go � 2� � � S11 � S13 � S15 � � � � � S49� , which are

allocatedinto B1  2 � B2 1 � B3 2 � B4  1 � B5  2 � B1 3 � B2 2 � B3  3 � B4  2 � B5 3 � � � � � andB5 5. Thefinal resultis shown in Fig.

3(c).
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Figure7: An exampleof dataretrieving operation.

We now describehow to allocateGe #%$ S2 & S4 & S6 & ' ' ' & S2n2 ( into n ) n BSsbelow. The partition of Ge into two

subgroupsis samewith thework in Go, andthenwe performthesameoperationin G1 andG2 steps.An exampleis

shown in Fig. 4(a)andFig. 4(b). Observethatthereis anadditionaloperationis neededto beexecuted.In then2 2-D

tori-BSs,eachelementin eachcolumncircularly shiftsdown oneposition. This operationis illustratedin Fig. 4(c).

An assignmentresultof Ge is shown in Fig. 4(d).

As a result,combiningwith thepositioningresultof Go andGe, eachBSkeepstwo distinctdatasubsegments.An

exampleis givenin Fig. 5.

3.2 Data BroadcastOperation

Beforedescribingthedatabroadcastoperationof Go andGe on n2 2-D tori-BSs,we now definetwo kindsof parallel

datashiftingoperations.

* Row-Shift Operation – For eachrow, a left-shift operationis performedin parallel if the row is an odd row.

Otherwise,a right-shiftoperationis executedin parallel.

- An exampleof therow-shift operationsis illustratedin Fig. 6(a)andFig. 6(d).

* Column-Shift Operation – A up-shiftoperationis performedin parallelfor eachcolumn.

- An instanceof thecolumn-shiftoperationis operatedin Fig. 6(b)andFig. 6(c).

We now introducethedatabroadcastoperationin the2-D tori-BSs. Thedatabroadcastoperationis achievedby

executingthe datatransmissionof G0 andGe simultaneously.. The datatransmissionof Go is achieved by repeat-

edly performingrow-shift andcolumn-shiftoperations.On the contrary, the datatransmissionof Ge is achievedby

repeatedlyperformingcolumn-shiftandrow-shift operations.A fully exampleis shown in Fig. 6 to expressthedata

transmissionoperationof Go andGe ' Basedon therule of our dataassignmentandtransmissionoperations,eachBS

B hastwo datasubsegmentsSo andSe at thesametime,whereSo + Go andSe + Ge. AssumethatB will receiveS ,o and

S ,e from row-shift andcolumn-shiftoperations,whereS ,o + Go andS ,e + Ge ' Two possibledataretrieving operations

aregivenbelow.

* If now is usingSo, thenS ,e will beusedon next time unit.
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Figure8: An exampleof databroadcastoperation.
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- If now is usingSe, thenS .o will beusedon next time unit.

That is, in our dataretrieving operation,thesetwo datasubsegmentswill be usedinterchangeablyasdisplayed

in Fig. 7. In addition,it is easily in Fig. 8 to seethat S1 is locatedin BS B1/ 1 on time unit 1, S2 is in B1/ 1 on time

unit 2, S3 is in B1 / 1 on time unit 3, etc. Otherinstanceis illustratedin B1 / 5 0 whenS1 is flowedto B1/ 5 on time unit 2,

andthereforeS2 0 S3 0 S4 0 S5 0 1 1 1 0 S2n2 will besequentiallyflowedto B1/ 5 on theforthcomingtime units. Obviously, it is

accomplishedthedatabroadcastingoperation.

4 The ProposedVOD Protocol

TheVOD strategy is basedon multi-hoptransmission,which is dividedinto threeoperations.

- The VOD Operation – For eachMH, aVOD operationis proposedto efficiently retrievevideodatafrom BSs.

- The Err or-Handling and Handoff Operations– Two possiblecasesarediscussedfor thefailuretransmission

andhandoff problems.

4.1 The VOD Operation

The VOD operationhereinis equally to build a multicastingtree for multiple MHs sinceour schemeallows MHs

requesttheirVOD demandin thesamecell area,andthebroadcastprotocolguaranteesthatfirst datasubsegmentwill

be comingto eachBS after waiting a periodof time. The designdifficulty is that eachMH’s requesttime may be

different. We now describethe constructionof the VOD-multicasttreein samecell areawith above consideration.

Observe thateachcell areacanbeseenasa MANET. ExistingMANET multicastroutingprotocols[19] [4] [13] [5]

[14] [22] [2] canbe directly usedin our scheme.Existing multicastprotocolsareclassifiedinto proactive/off-line

[19][22] andreactive/on-demand[4][13][5][14] approaches. Proactive multicastprotocol is to pre-build a shared-

tree,andreactivemulticastprotocolis to constructatreeon-demand.Generallyspeaking,proactivemulticastprotocol

takeshigh transmittingtime sincethis approachneedshigh maintenancecost. The drawbackof proactive protocol

is not alwaysfinding the shortest-path.Therefore,proactive multicastprotocol is not very suitableto the topology-

changeabilitynetwork. Two casesof ourconstructedVOD-multicasttreearediscussed.

- New Call – Existingreactive/on-demandmulticastprotocols[4][13][5][14] areusedfor eachnew call of a MH

to connectto a determinedBS(thedeterminedrule is explainedlater),suchthatthewaiting time is minimal.

- Joining to a Multicast Tree– Existingproactive/off-line multicastprotocols[19][22] areutilized to connectto

a determinedBS.A shared-treeis to bepre-builded,which all of thedestinationnodesof themulticasttreeare

waitingfor first data-segment.Observethattherootof suchsharedmulticast-treeis determinedby adetermined

rule which is explainedlater. Whena MH initiatesa VOD request,a join operationis performedto join the

shared-treesuchthatall of thedestinationnodeof theoriginal treeandthenew memberarewaitingfor thesame

data-subsegmentcoming.
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In the following, we presentthe determinedrule, which is the rule of determiningMH connectingto a BS with

minimal waiting time of thefirst comingdatasubsegment.Four possibleBSsmaybeconnected.For simplicity, let

LU 2 LD 2 RU , andRD respectively denoteasleft-up, left-down, right-up,andright-down BSs,asshown in Fig. 9. Each

of LU 2 LD 2 RU 2 andRD shouldrecordthe currentstoredtwo datasubsegments,which is denotedasX [i 2 j], where

X 354 LU 2 LD 2 RU 2 RD 6 2 i 3 Go and j 3 Ge 7 For a BS, supposethat X [i 2 j] representsthe two datasubsegments,it is

worth mentionedthat if let X 8 i9 2 j 9 : denotethe two new datasubsegmentswhich receivedby performinga row-shift

andcolumn-shiftoperations,sothati9 ;=< j > 1? mod2n2 and j 9 ;%< i > 1? mod2n2 7 For instance,considerB1 @ 1 8 1 2 10: as

shown in Fig. 8(a),suchthatB1 @ 1 8 112 2: asillustratedin Fig. 8(b)at thenext timeunit.

Oneimportantwork of thedata-broadcastingschemeis to searchafeasiblepathfrom aMH, whichinitiatesaVOD

request,to a BS B, whereB 354 LU 2 LD 2 RU , RD 6 7 The BS B satisfiesthe following condition; B is with maximum

valuei or j of X 8 i 2 j : 2 andX 3A4 LU 2 LD 2 RU , RD 6 . SupposethatLU 8 152 8: 2 LD 8 112 16: 2 RU 8 3 2 14: , andRD 8 172 4: if n ; 3

asshown in Fig. 9. We observe thatthemaximumvalueis 17,soa MH shouldflood a path-searchpacket to searcha

pathto RD.

Following abovedescription,weassumethatthemaximumvalueis M 2 while RD keepsvalueM 7 We observethat

any new MH, which initiatesa new VOD request,shouldconnectto RD preservingat least2n2 B M time units7 It is

becausethatLU 2 LD 2 andRU will notgetlargervaluethanRD for 2n2 B M timeunits.Reminderthateachbaststation

just only keepsthecurrentstoreddata-subsegmentinformation.Following aboveexample,BSsLU 2 LD 2 RU , andRD

justknows 8 152 8: 2 8 112 16: 2 8 3 2 14: , and 8 172 4: , respectively. It impliesthatif any MH communicateto oneof their four

neighboringbaststations,thenthis MH just canacquirethe informationof oneof BSs. However, eachMH should

know thedata-subsegmentinformationof all neighboringBSs. We will provide a formulasuchthat if we canknow

oneof data-subsegmentinformationthenwe canderive threeotherdata-subsegmentinformations.

C A bit counteris maintainedto distinguishthecurrenttimeunit is oddor evenif thebit counteris 0 or 1. Givena

pair of neighboringBSsU andD 2 whereU andD locatedin thesamecolumn.SupposethatU 8 i 2 j : andD 8 i9 2 j 9 :
denotesthedata-subsegmentinformation,two casesareformally statedbelow.

– Case1: If thebit counteris 0, theni9 ;%< j > 3? mod2n2 and j 9 ;%< j > 1? mod2n2 7 Inversely, i ;%< j 9 B 1?
mod2n2 and j ;%< i9 B 3? mod2n2 7

- For instanceas shown in Fig. 8(a), considerBSs B1@ 1 8 1 2 10: and B2 @ 1 8 132 2: , so 13 ; 10 > 3 and

2 ; 1 > 17
– Case2: If thebit counteris 1, theni9 ;%< j > 1? mod2n2 and j 9 ;%< i > 3? mod2n2 7 Inversely, i ;%< j 9 B 3?

mod2n2 and j ;%< i9 B 1? mod2n2 7
- For instance,asshown in Fig. 8(b), considerBSsB1@ 1 8 112 2: andB2 @ 1 8 3 2 14: , so3 ; 2 > 1 and14 ;

11 > 37
C Givenapairof neighboringBSsL andR 2 whereL andR locatedin thesamerow. Let L 8 i 2 j : andR 8 i9 2 j 9 : denotes

thedata-subsegmentinformation,theni9 ;%< i > 2n ? mod2n2 and j 9 ;=< j > 2n ? mod2n2 7 Inversely, i ;%< i9 B 2n ?
mod2n2 and j ;=< j 9 B 2n ? mod2n2 7
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Figure9: Four neighboringBSs.

- For instanceas shown in Fig. 9, if n D 3 and LU E 15F 8G and RU E 3 F 14G are a pair of neighboringbase

stationslocatedin thesamerow, 3 D%H 15 I 2 J 3K mod18 D 3 and14 D%H 8 I 2 J 3K mod18 D 14L For an

anotherinstance,if LD E 11F 16G andRD E 17F 4G area pair of neighboringbasestationslocatedin the same

row, 11 D=H 17 M 2 J 3K mod18 D 11and16 D=H 4 M 2 J 3K mod18 D 14L

Basedon above formula,we canobtainotherthreedata-segmentinformationsif we just know onedata-segment

information. If we canacquirethe four data-segmentinformation,thenwe candeterminea final pathto oneof he

four BSsin orderto wait for thefirst data-segmentincoming. Obviously, theBSswith maximumvalueof E d1 F d2G of

B E d1 F d2G F whereB N5O LU F LD F RU , RD P F will beelectedto betheconnectingBS.This indicatesthat thewaiting time

for thefirst data-segmentwill beminimum.

4.2 Err or-Handling and Handoff Operations

Oneadvantageof our schemeis to provide a fast recovery processif thereis failed transmissionand the handoff

problem. Given a mobile host MH, let MH E d G representsmobile host keepsSd data-segment. Two conditionsof

reconnectingto BSsarestatedbelow.

E1: Err or-Handling – Whenthedatatransmissionof a MH is failed,MH mayredeterminea new BSsuchthatthe

new BS hassmallervalueof d which is mostnearto d.

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

failed,sonode17 will connectto LD sincevalue16 in LD E 11F 16G is nearto 17.
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Figure10: Examplesof (a) failuretransmission,and(b) handoff.

E2: Handoff – WhenaMH is leaving out theoriginalcell areaandenterinto anew cell area,thenahandoff process

canbeeasilyachievedby let MH connectto anew BS,whereBS QSR LU T LD T RU , RD U T suchthatBShassmaller

valuethand andthe proximatevalueof d V This operationmay be connectto a multicasttreeif the root of a

existing shared-treeis theBS.

- For instanceasillustratedin Fig. 10(b),a MH[12], or node10, is roamingto a new cell area,sonode17 will

connectto LD sincevalue11 in LD W 11T 16X is nearto 12.

This indicatesthat our schemeandthe integratedwirelessnetwork modelcanbe usedto effectively handlethe

failedtransmissionandhandoff problems.

5 PerformanceEvaluation

Onepossibleschemeis usingsnake-likeorderingscheme.A possibleof datatransmissionof snake-likeschemeis also

outlinedasillustratedin Fig. 11(b). A comparisonof thedata-allocationof our andsnake-like schemesis illustrated

in Fig. 11(a). A video is partitionedinto n2 datasubsegments,eachlength l
n2 T wherel is original video length. Our

schemeis split videowith lengthl into 2n2 datasubsegments,suchthatlengthof eachdatasubsegmentis l
2n2 V In the

following, a data-transferringunit time is assumeasU Y f Z l
2n2 [ in our scheme,therefore2U may be usedfor the

snake-like scheme.Thetotal time Ttotal includeswaiting time Twaiting anddata-transmittingtime Ttransmit . Therefore,

wehave thefollowing result.

Ttotal Y Twaiting \ Ttransmit V
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Figure11: (a)Thedatapartitionand(b) datatransmissionof snake-likescheme.

Figure12: Theaveragewaiting time of (a)oursand(b) snake-likeschemein aB5 ] 5.

Figure13: Theaveragewaiting time of (a)oursand(b) snake-likeschemein aB7 ] 7.
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Figure14: A comparisontableof averagewaiting timevs. numberof BSs.

Figure15: A comparisontableof averagewaiting timevs. numberof BSs.
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It is observedthat the time costof Ttotal is mainly determinedby valueof Twaiting ^ Therefore,a simulationresult

is given to make a comparisonof Twaiting for our andsnake-like schemes.The formula of the averagewaiting time

formulaof our schemeandsnake-likeschemerespectively are

2n2

∑
k _ 1

` `
2n2 a M b 1c d U c

2n2

and

n2

∑
k _ 1

` `
n2 a M b 1c d 2U c

n2

, whereM is themaximalvalueof datasubsegmentin e LU f LD f RU f RD g of a cell area.In our simulation,we let

unit time U h 100
2n2 minute. For example,the averagewaiting time Twaiting of B5 i 5 andB7 i 7 for our andsnake-like

schemesareillustratedin Fig. 12 andFig. 13.

A formal comparisontableof theaveragewaiting time of our andsnake-likeschemesaregivenin Fig. 14,where

n is varyingfrom 3 to 17. Theresultof Fig. 14 is obtainedby assumedthateachcell areaexistsoneMH which wait

for thefirst data-segmentS1 ^ It is observedthatouraveragewaiting time is betterthansnake-likeschemehas.

To illustratethe effect of the averagewaiting time vs. the failure transmission.A simulationis doneby making

differentassumption.Note thatFig. 15 is obtainedby assumedthat eachcell areaexists oneMH but waits for the

data-subsegmentSi f where1 j i j 2n2 ^ This indicatesthatthefailuretransmissionis occurredduringtransmittingthe

data-subsegmentSi ^ Fromtheresultof Fig. 14 andFig. 15,weobservethattheaveragewaiting timeof ourschemeis

betterthansnake-likescheme.By comparingthesimulationresultof our schemefrom Fig. 14 andFig.15,it is worth

notingthattheaveragewaiting time for thefailuretransmissionis approximatelyequalto thenew call has.It implies

thattheour schemeis a stablestrategy. To concludethis section,it is beneficialto adoptour proposedscheme,which

is evaluatedby our simulationresult.

6 Conclusion

In this paper, we investigatea broadcast-VOD problemin an integratedwirelessmobile network. Existing wireless

mobile networks canbe classifiedinto single-hop(suchasGSM system)andmulti-hop mobile networks (suchas

Ad-hocnetwork). A single-hopwirelessmobilenetwork is characterizedby eachbasestation(or BS) connectingto

otherBSthroughMSC(mobilestationcenter)by awirednetwork, but eachmobilehost(or MH) communicatingwith

its own BSwithin one-hoptransmissionradius.Ourproposedwirelessmobilenetwork is anintegrationof single-hop

andmulti-hopmobilenetworks.Theintegratednetwork is characterizedby eachBSconnectingto otherBSby awired

network, but eachMH communicatingwith aBSwithin multi-hoptransmissionsteps.In our integratednetwork, BSs

areconnectedby a 2-D tori interconnectionnetwork. In addition,an importantapplication,calledbroadcast-VOD

protocol,is presentedin suchan integratednetwork. Therefore,two contributionsarepresentedin this paper:(a) a

new integratedwirelessmobilenetwork is proposed,(b) a fastbroadcast-VOD protocolis introducedin sucha new

network. In our strategy, VOD-dataarewell scheduledandbroadcastedamong2-D tori-BSssuchthat the average
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waiting time is minimum. In eachcell area,a VOD (VideoOn-Demand)is dynamicallyrequestedby any MH at the

differenttime to dynamicallyconstructa multicasttree,while theroot nodeof multicasttreeis a BS.This guarantees

that eachMH canreceive the VOD-segmentfrom its correspondingBS within minimal waiting time. Performance

analysisjustifiedthatourproposedschemeoutperformsexisting schemes.
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