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あらましセンシング機能，通信機能を備えた小型センサーデバイスから構成されるネットワークをセンサー

ネットワークという．センサーネットワークに対し，，，オーバーヘッドやエネルギー消費量の最小化，，などの利点

を持つアーキテクチャの構築方法としてクラスタリングが挙げられる．本研究では,[２１で提案されているアー

キテクチャが持つ望ましい性質を維持しつつ改良を加え，タスクの完了時間やその拡張などの面においてより

よい性質を持った三つのアーキテクチャおよびそのメンテナンスのためのアルゴリズムを提案する．
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AbstractAsensornetworkisacollectionoftransmitter-receiverdevices(referredtoasnodes）C1ustering 

isseenasthesteptoprovidetheflatsensornetworktopologywithahierarchicalarchitecturewithprop-

ertiessuchasminimizingcommunicationoverheadandminimizingtheoverallpowerconsumption・Inthis

paperweimprovethearchitecture[2]maintainingthedesirablepropertiesandproposethreearChitecture 

andmaintenancealgorithmswhichhasthebetterpropertiesaboutthecompletiontimeoftasks,expansions 

oftasks,ａｎｄｓｏｏｎ． 

１．Introduction 

Awirelessnetworkisacollectionoftransmitter-

receiverdevices(denotedasnodes)whichcancommu-
nicatewitheachotherviaradio、

ThereisincreasinginterestmselfLorganizingmulti-

hopwirelessnetworkscomposedofalargenumberof 
autonomousnodescommunicatingviaradiowithoutany 
additionalinfrastructure・Thesenodescanbestaticor

mobile,andtheyareusuallyconstrainedasfbrthecrit-

icalresources,suchaspowerandradiofrequencyband 
Atypicalexampleisgivenbywirelesssensornetworks 

(WSNs)，wheresensornodesareusuallyirreplaceabla 
andbecomeunusableafterenergydepletionorotherfail-

ｕｒｅｓ 

Ａｆｔｅｒｔｈｅｎｏｄｅｓｏｆａｓｅｎｓｏｒｎｅｔｗorkaredeployedphys-
ically,ａ加tnetworktopologyisfbrmedinwhiChalink
existsbetweentwonodesiftheyareineachotherscom-
municationrange・Insuchaflatnetworktopologyithere
isnoestabnshedstructureonwhiChthenodescouldtake 

efYiCientCOmTmmiCatiOn． 

Ｏ肋steri7D9iｓｓｅｅｎａｓｔｈｅｓｔｅｐｔｏｐｒｏｖｉｄｅｔｈｅＨａｔｓensor
networktopologywithahjem7℃hZcqlorgamzation・The
basicideaisthatofbreakingthenetworkintophysical 
proximityclusterswhicharesmallerinscaleandusually 
simplertomanagebythenｏｄｅｓｃａｌｌｅｄａｓｃｈｓｔｅｒｂｅｑｄ 

ＴｈｅｓubsequentbacﾙDC１zeconstructionusestheclustering 
inducedhierarchytofbrmastructurewhichmainlycon-

－３３－ 



sistsofclusterheadsandprovidesthecommunicationbe-
tweentheclusters、Thestructurednetworkisfimctional

inprovidingdesirablepropertiessuchasminimizingcom-

municationoverhead，choosingdataaggregationpoints， 
increasingtheprobabilityofaggregatingredundantdata， 

andminimizingtheoverallpowerconsumption[l1 
ConsideringthemobUityandscalability,weneedthe 

operationssuchasnodeS9etti7D9outofandnodesjoj癖

Z"gmtoanexistingnetwork・Evenfbrstationarynodes，
ｗｈｅｎｂａｔｔｅｒｙｉｓｌｏｗ，ｉｔｍｕｓｔｇｅｔｏｕｔａｎｄｇｏｔｏｃｈａｒｇｅ 
ｍｏｄｅ・Then,thechargednodesshouldjoinbacktothe

networkonceagainTherefbre,onceahierarchicalclus-
teringeStablished，ｔｈｅｍaintenanceoftheclusterorga-
nizationturnstobecrucialinthepresenceofnetwork 

topologychanging・
Therearemanydiscussionaboutdistributedcluster-

ingofaHatnetworkAlthoughmanyefYbrtshavebeen 
madefbrestablishmentofahierarchica1clusteringon 

anetwork，andtheresearchfbrthemaintenanceofthe 

clusterOrganizationunderthesimilarscenarioisseldom 
seen,[2]putsemphasisonthemaintenanceOftheclus‐ 
teringstructureofthesensornetwork 
ln[2]，theyconsiderasensornetworkinwhichthe 

networktopologydynamicallyChanges，ａｎｄproposeda 
novelclusterstructureonwhichtwooperations7zode-
motﾉe-mand7Dode-moUe-outaredefinedfbrmaintaining 
theclusterOrganization・ThisworkisbasedonthefOl-

lowingradionetworkmodell41:eachnodehasadistinct 
lD,ｎｏｄｅｓｔransmitorreceivemessageineachround,and 
aUnodesuseasingleradiochannelwithoutcomsionde-
tectioncapability6NodesinaHatnetworkGaregrouped 
intodiSjomtclusters,ａｎｄabackboneconsistofcluster 
heads(simplycalledheads)andgatewaynodes(simply 
calledgateways).Gatewaysareusedinordertoconnect 
heads、AspanningtreecanbeobtainedfiBoｍａｂａ妃kbone
andclusters,andthetreeiscalledac皿stc艀bQsednetTDo7、lD

dVet(G）LetnbethenumberofnodesinGandpbe 
thenumberofclusters,CWet(Ｇ)hassomefbUowingnew 
properties： 

（１）Abackboneconsistsofatmost2p-１nodesi 
（２）pisatmostacardinalityoftheminimumclique 

partition,ｐ＜ninadensegraph； 
（３）BroadcastonGcanbeperfbrmedviaabackbone 

inO(p)roundｓ(onaHatnetwork,itrequiresatleast 
Q(､肱ounds[51)；
（４）IfGisunitdiskgraph,ｐ≦５xlMDSl 
Inthispaperweimprovethearchitecture(calledＣ)[2］ 

、aintajningthedesirableproperties，andpropoSethree
architectureandmaintenancealgorithmswhichhasthe 

betterpropertiesaboutthesizeofabackbone，expan-
sionsoftasks，ａｎｄｓｏｏｎ・Wecallthefirstarchitecture

asMＩｎｃ，ｏｎｌｙjoin/leavefbroneexistingcluster-
basednetworkisdealed，ｍｅn9eoftwoormorecluster-

basednetworkscausedbyjoinofanodeandsepq7YLtjo7L 
ofcluster-basednetworksarenotconsidered・Ｅｖｅｎｉｆａ

ｍｅｒｇｅｉｓｄｏｎｅ，thereexistthecasewhichrequiresｌｉｎ－ 
ｅａｒｔｉｍｅｆｂｒｔｈｅｎｕｍｂｅｒｏｆｎｏｄｅｓｉｎｃ・ＢｕｔｉｎＭ，ａ

ｍｅｒｇｅ(andseparation)canbeperfbrmedmorefaster、
InthesecondarchitectureZ，byextinguishinggateway， 

join/leaveoperationcanbeperfOrmedmoreflexibleand 
thecompletiontimeisimprovedaswellasM、Bychang-
ingZsUghtly，inthelastarchitecture〃，ｔｈｅｓｉｚｅｏｆ
ＢＴ(Ｇ)isdecreasedanditisverifiedthatbroadcastcan 
beperfbrmedmorefastbysimulation． 

Inourclustering,ｗｈｅｎａａＶｅＸＧ)isestablished,each 
nodehasonlyonehopknowledge(i､e､,eachnodeknows 
theirneighborsinthebackbone,CjVet(Ｇ)andQrespec-
tively）WewillshowthataCﾉVet(G)canbeestabUshed 
eitherinastaticwaywhichmeansthatalltopological 
infbrmationaregatheredsomewhereandtheproblemis 
solvedthere,ｏｒｉｎａｄｙｎａｍｉｃｗａｙｗｈｉｃｈｍｅａｎｓｔｈａｔｅach 
nodesolvestheproblemlocanywithoutgatheringaUin-
fbrmation,ｉｎＯ(〃)timeorinO(|Ｅ|)time,respectively
Theoperationsjoinandleavemajntajntheclusterstruc-

turefbrGwiththesamepropertieswhenanodegets 
outoforjoinsintoC・IEbleLsummarizeourproposed
mamtenancealgorithmsfOrtheseoperationsandarchi-
tectureswiththepropertiesmaintainedbyit・
Inthispaper，ｗｅｗｎｌｏｍｉｔｔｈｅｐｒｏｏｆＳｏｆｔｈｅｌｅｍｍａｓ 

ａndtheorems，whichcanbefbundinourtechnicalre 

port[7１ 

２．ModelandDennition 

２．１ＭｏｄｅｌｏｆＳｅｎｓｏｒＮｅｔｗｏｒｋｓ 

ＴｈｅｍｏｄｅｌｏｆａｓｅｎｓｏｒｎｅｔｗｏｒｋＧｉｎｔｈｉｓｐａｐｅｒｉｓａs 
fbllows： 

・Nodesrepeattransmissionsandreceptionsinfixed
intervals，calledmoundS、Ineachround，eachnodeacts
aseitheratransmitterorareceiver・

OAroundoffbrnodeissynchronized(ie.,hestart 
andtheendofeachroundisthesamefbreachnode)． 
●Ａｎｏｄｅａｃｔｉｎｇａｓａｒｅｃｅｉｖｅｒｍａｇｌｖｅｎｒoundgetsa 

messageifTexactlyoneofitsneighborstransmitsinthis 
round、Whenmorethanoneneighbortransmitssimul-
taneouslymagivenround,colnsionoccursandnoneof 
themessagesisreceivedmthisround． 

●Anodecannotnoticetheoccurrenceofacollision， 
Le.，thereisnocollisiondetectioninthenetwork． 

●ＥａｃｈｎｏｄｅｋｎｏｗｓｉｔｓｌＤ,whichisdistinctfbrevery 
node． 

３．ACluster-basedArchitecture 

lnthissection，firstweshowtheexistingarchitec-
turel21andbasicstructurethatiscommontoourthree 
proposedarchitectures，thenabroadcastalgorithmfOr 
suchstructureisshownNext,wepresentthestructure 

ofeachproposedarChitectureanditsmajntenancealgo-
rithmfbrit、

３．１CommonDefinitions 

LetG＝（ＶＩＥ)beaconnectedbi-directionalgrapｈ 
Ｅａｃｈｎｏｄｅｈａｓａｒｏｌｅｃａｌｌｅｄ８ｔｑｔｍ８．Nodesthatcomprise 

adominatingseｔｏｆＧａｒｅｃａｌｌｅｄｈｅＱｄ,andasubgraph 
ofGwhichsatisfiesfbllowingconditionsandconsistsof 
oneheadandothernodesexceptheaｄｉｓｃａｌｌｅｄｃ皿ster：
Nodesexcepthead通calledmembenandeverymember

isadjacenttoaheadineachclusterandthereisnoedge 
betweenmembers・AclusterisastarsubgraphofGwith
ａｈｅａｄａｓａｃｅｎｔｅｒ・Ｅａｃｈｈｅａｄｆｂｒｍｓｏｎｅｃｌｕｓｔｅｒａｎｄｎｏ

ｎｏdebelongstotwoormoreclusters、

AbQch6onet７℃eＢＴ(Ｇ)ofGisasubtreeofGinclud-
ingallheads、AsGisaconnectedbi-directionalgraph，
abackbonetreemustexist、ＡＵｎｏｄｅｓｔｈａｔａｒｅｎｏｔｉｎ

ＢＴ(Ｇ)belongtosomeclusterasmember・
Backbonetreecanbeconsideredasacomm11nication 

highwayonG1・Ｔｂｓｅｅｔｈｉｓ，ｌｅｔｔＬａｎｄｕｂｅｔｗｏｍｅｍｂｅｒｓ，
ａｎｄｈｕａｎｄｈｕｂｅｔｈｅｉｒｈｅａｄｓ,respectively・Ｉｆｕｗａｎｔｓｔｏ

－３４－ 



｡[泡ble、１Propertiesofourarchitectures

＿ＰＣ ≦ＰＣ ＢＴＧ ＢＴ(Ｇ 

｢〕(、＋ｍｎＸｌｌＢ７[（ﾃﾞⅡ先

ｐＣ：cardinalityoftheminimumcliquepartition， 

７２：ｔｈｅｎｕｍｂｅｒｏｆｎｏｄｅｓｉｎＧ， 

９：thenumberofneighborsofjoiningnｏｄｅｉｎＧ， 

Ｔ：subtreeofOjVeNG)withleavingnodeasroot． 

sendmessagetou，ufirstsendsthemessagetoitshead 

九趣.Andhusendsthemessageto川viaBT(G),thenhu
sendsthemeSsagetoitsmemｂｅｒｕ・
Ｎｏｗｗｅｕｓｅｔｈｅｂａｃｋｂｏｎｅｔｒｅｅｔｏｃｏｎｎｅcttheclus-

tersfbrfOrnnngastructurednetworkonGJAcJuste艀
based〃et⑩。戒｡fG-(V;Ｅ)isarootedtreeaVet(G)＝
(ⅨEBT(c)ＵＥＣ)Withoneclusterheadasaroot,where 
theedgeSofEBT(･）comefromthebackbonetreeand 
theedgesofEccomefiromaUtheclusters(seeFigl)． 
ＣNet(G)fbrmsaspanningtreeofG． 

u・brDejghastheneighborsofuonBT(G),reSpectively
(thesearederivedfromu・prt,Ｕ､cMandu.。〃eigﾉZ)．
Wecallaboveinfbrmationastomll-ｈｏｐｄｑｔＱ、When

theinfbrmationaremaintaineｄｆｂｒｅａｃｈｎｏｄｅｕｉｎＧ,ｉｔ 
ｉｓｃａＵｅｄｔｈａｔＧｊｓｏｍ９ｑｎｉｚｅｄｗｉｔｈtotall-hopdata・
WedefinetwooperationsjiojnandleaueonaOﾉVet(G） 
･join：anewnodeuannouncesitselfbysendinga 

messagetojointheexistingOﾉVet(G)ａｎｄｔｈｅｎｅtwork 
re-organizesitselftoanewClVbt(G'),whereＧ'isthe 
graphobtajnedbyaddingutoG． 

●１eave：ａｎｏｄｅりｏｆａＶｅｔ(G)announceSitselfby
sendingamessagetoleavetheexistingOlVCt(G),and 
thenetworkreorganizesitselftoanewaVet(G'),where 
Ｇ'isthegraphobtainedbyremovingufｒｏｍＧ． 
Ｗecallfbllowingoperationasmen9e：GivendiSjoint 

graphsG1,Ｇ２,…,ＱａｎｄＯｌＶｅｔ(G1)，OlVet(G2)，…， 
αＭ(G`),thesegraPhsareconnectedbyjoinofanew 
nodeandre-organizedtooneOlVet(G).Itisconsidered 
asapartofjoin・Wealsocallsepqmtjo〃asfbUows:Given

graphsGandOﾉVet(G),GisdividedmtodiSjointgraphs 
G1,02,…，ＧｊｂｙｌｅａｖｅｏｆａｎｏｄｅａｎｄｔｈｅｓｅｇｒａｐｈＳare 
reorganizedtoOﾉVet(G1),ClVet(G2),…,OjVet(Gj).It 
isconsideredasapartofleaｽﾉe、

３．２Broadca巳t

lnthissection,weshowthebroadcastingalgorithm[２１ 
usingOﾉVet(Ｇ)．Inthealgorithm,abroadcastingtech-
niqueshownin[4]isused,andwecallitasprOcedure 
EuJeriαｎ． 

EuleriQn(Ｈ)perfbrmsabroadcastonabi-directional 
graphH・AmessagecalledtokenstartsfiPomthesource
node,ｖｉｓｉｔｓｅｖｅｒｙｎｏｄｅａｎｄｔｕｒｎｓｔｏｔｈｅｓｏurcenodeAt 
thebeginning，ｔｈｅｔｏｋｅｎｉｓｉｎｔｈｅｓｏｕrcenode・Itthen

visitseachnodeinHfromthesourcenodeindepth-first 
order・Whennodeugetsthetoken，ｉｔｓｅｎｄｓｔｈｅｔｏｋｅｎ

ｗｉｔｈｔｈｅｍｅｓｓａｇｅａnditslDtooneofitsneighborswhich 
haﾊﾉenotreceivedthetokenyet・Ｉｆｕｈａｓｎｏｎｅｉｇｈｂｏｒ
ｗｈｉｃｈｈａｓｎｏｔｂｅｅnvisitedbythetokenyet，ureturns 
thetokentothenodefromwhichitgotthetokenfbrthe 
firsttime・ThemovementofthetokenfbrmsanEulerian

cycleofH・ＩｔｐａｔｒｏｌｓｅｖｅｒｙｎｏｄｅｍＨａｎｄｒｅｔｕｒｎｓtothe

sourcenodefinally・
ThefbllowinglemmaholdsfbrEuｌｅｒｊｑｎ・

Ｌｅｍｍａｌ．［4］ＬｅｔＨ＝（ⅨＥ）beQconnected6i-
d`mectionQJ9mph.〃eQc/Z〃odeqfHImotusQlJjfs7zei9ル
60,s'IDsdnH,pmced皿meEuJeria〃(Ｈ)compJetesbmad-

onetI塵ＢＴ1(G）

一:ｅｄｇｅｉｎＧ

＝－:edgeinCﾊﾉと『(の

●:nodesinBⅣG） 

○:membe塚

Fig.１Ｇ,ＢＴ(Ｇ),OjVet(Ｃ） 

lnthefbUowingsections,wewillshowhowaflatgraph 
GcanselfLorganizeandselfmaintainitselfmtoacluster-

basednetworkOlVet(G)．Befbrewediscussthealgo‐ 
rithms,wefirstdecl麺ethedatastructurefbrOﾉVet(G）
clearly、

AONet(G)hastwolevelstructures:asetofclusters， 
andabackbonetreewhichisusedtoconnecttheclusters． 

Ｅ聖hnodeuinGmajntajnstheinfbrmationdescribed

below： 

●ｕ・stqt：ｕ，sstatus．

●ｕ､p７．t,ｕ・chd：ａｎｌＤｏｆｕ，ＢｐａｒｅｎｔａｎｄａｓｅｔｏｆｌＤｓ

ｏｆＵ'ｓｃｈｉｌｄｒｅｎｏｎＣ/Vet(G)，respectively、Fbraroot
r，７.Prt＝上，ａｎｄｆＯｒｅａｃｈｎｏｄｅｍｗｈｏｈａｓｎｏｃｈｉｌｄ，
ｍ・ＣＭ＝0．

●ｕ・o7Lejg肱ａｓｅｔｏｆｌＤｓｏｆｕ，sneighborsonGexcept

U・ｐｒｔａｎｄｕ・ＣＭ．

・wwootID:anlDofarootofOjVet(G)towhichu
belongs・

Eachnodemajntainsitsneighbor'ｓｓｔａｔｕｓａｎｄｌＤａｓａ 
ｐａｌｒ、

Hereafterweuseu.”ejg/ZastheneighborsofuonGand 

－３５－ 

Ｃ ル！ Ｚ L（ 

lBm(G)Ｉ 
ａｃａｓｅｗｉｔｈｏｕｔ merge 

■、－－－－￣■■■■■■■■■－－￣'■■■■■■■■｡■■■■'■■■■.■■■■

ａｃａｓｅｗｉｔｈ merge． 

≦2pｃ－１ 

１’２ ｜｜ｌ ＧｌＧ 助一帥
二一一
二一

≦２ ｐＧ 

≦２ 

－１ 

pＣ 

≦２pｃ－１ 

≦2pＣ 

themnmberofcluters ≦ｐｃ ≦ｐｃ |ＢＴ(G)’ |ＢＴ(G)Ｉ 

status 

ｈｅａｄ 

gateway 

member 

hｅａｄ 

gateway 

member 

head 

ｍｅｍｂｅｒ 

hezhd 

memberl92 

CompletiontimefbrmergeofOlVeｔｓ O(q＋max{|ＢＴ(G)lfbreachC！Vet}） 

CompletiontimefbrseparationofCＷｅｔｓ O(|Tl） 



c"ti"9/ｂｒＨｍＯ(|Ｖ|）munda 

WenowshowthebroadcastingalgorithmBroad-

castALG[２１inOlVet(G),wheresisthesourcenodewith 
amessａｇｅＭａｎｄｎｅｅｄｓｔｏｂｅｉｎｆｂｒｍｅｄｔｏｔｈｅｒestofthe 
nodesinagivennetworkQ 
SinceeverynodeinagraphonwhichEtLleriqnisper-

fbrmedtransmitscertainlyandonlyonenodetransmits 

ineachround,ａｎｄＢＴ(Ｇ)isconsistofadominatingset 
ofG,abroadcastinginCﾉVet(G)Ｃａnbecompletedby 
perfbrmingEuZｅｒｊＱｎｏｎＢＴ(G).A1gorithmlshowsthe 
algorithmBroadcastALG． 

Referto[2]aboutjoin/leaﾊﾉealgorithmsthatmajntain 
suchstructureM・

MhasthefbUowingproperty￣ 

Ｌｅｍｍａ５・ＬｅｔＧ６ｅｑｃｏ〃nected6MZ泥ctio"ｑｌｇｍｐｈα"ｄ
BT(G)beq6qcAMetmeeqfG〃ＢＴ(G)ﾉmspheads，
the〃ｵﾉZenunzberq/nodesi〃ＢＴ(G）ｉｓｑｔｍｏｓｔ３ｐ－２
７ＬｏｄｅｓｏｎＭ・

Bythefactthatheadsarenotadjacenttoeachｏｔｈｅｒ 
ｏｎＧ,ｌｅｍｍａｓ３，４ａｒｅａｌｓｏｈｏｌｄａｓｗｅｌｌａｓＣ 

ＯｎＭ,amergecanbeperfbrmedwithoutchangingthe 
orderofthesizeofabaCkbonetree,ｉｅ・theorderofcom-

pletiontimefbrbroadcastarenotchangedAndinthe 
casethatamergeisnotcaUSed，thesizeofabackbone 

treeandthecompletiontimesOfjoin/leavealgorithms 
arethesameas[2１． 

３．５Ｚ 

３．５．１StruCture 

OnarchitectureM，althoughamergecanbeper‐ 
fbrmedwithoutincreasingtheOrdeｒｏｆｃｏｍｐｌｅｔｉｏｎｔｉｍｅ 
ｆｂｒｅａｃｈOperation，status9ateu）ｑＺノisusedexceptfbr
headandmember，andtheconditionofbackbonetree 

isalsocompUcated・SoweproposethearchitectureZ
constructedbyonlyheadsandmembers、

ＯｎＺ,asetofheadsisnotindependentsetofGanda 
backbonetreeisconstructｅｄｂｙｏｎｌｙａｎｈｅａｄｓ 

ＬｅｔＯ/Vet工(G)andＢＴ工(G)ｂｅＯ/Vet(G)ａｎｄＢＴ(G）
witharchitectureZ,respectively、

３．５．２MaintenanceAlgorithms 

FirstweshowthejoinalgorithmfOrz 
Letneu）ｂｅａｎｏｄｅＷｈｏｗａｎｔｓｔｏｊｏｉｎａｎｅｔｗｏｒｋ 

Ｇ＝（ＶｉＥ)，whererGconsistsofdiSjointSubgraphs 
G1,Ｇ２,…,Ｃｆ・AndletG'＝（ＶＵ{neu)},ＥＵＥｈｅ２ｕ）
inth逓subsection,whereE,ze⑩＝{(u,neuノルisintrans-
mittingrangeofthenode”euj,ｕＥＶ}・Letｑ＝|Enemul
Wesimplyuse``neighbors，，ａｓ"neighborsinG'，'iinthis 
subsection 

WhatshouldbeperfOrmedbyjoinoperationistode 

cidethestatusofneu）andupdatethemfbrmationwhich 

theneighborsofneTuinG'ｈａﾊﾞﾉe、
Firsttodecidethestatusof7zeu）andwhetheramerge 

iscaused,〃eTDneedstoknowthestatusofitsneighbors

andtheirrootlDs・Incasethatneureceivesonlyone

rootlD，ｎｏｍｅｒｇｅｉｓｃａｕｓｅｄ、Then，ifthereexistheads
intheneighborｓｏｆｎｅｔｕｉｎＧ'，neu）ｓｅｌｅｃｔｓｏｎｅｔｏｂｅｉｔ，s 
headanditselfbecomesamember・Elsethereareno

headsinitsneighbors,neTubecomesaheadandsetsone 
neighboringmembertobethehead・Basedonthestatus
of〃eTuhasdecided,theneighborsof厄etuupdatetheirin-
fbrmation・Innomatterwhichcases,theprocessaifects

only2-hopneighborsofnetuinG'． 
IncasethatneuﾉreceivestwoorlnorerootIDs,ａｍｅｒｇｅ 

ｉｓｃａｕｓｅｄＬｅｔＲｂｅｔｈｅｇｒａｐｈｃｏnsistofacluster-based 
networkwithrootlDrandneu）．Ｉｎａｍｅｒｇｅ，firstnetu 

determinestherootlD・Then，ｎｏｄｅｓｉｎＢＴＺｆｂｒｅａｃｈ

ＯｌＶｅｔｚｃｈａｎｇetheirstatuspreferentiallybyajoinwith-

outmerge,ａｎｄｍｏｖｅｉｎｔｏＲｏｎｅｂｙｏｎｅ・Ｒｇｒｏｗｓａｓｎｏｄｅｓ
ｍｏｖｅｉｎｔｏｉｔ，ａｎｄｗｅａｌｓｏｄｅｎｏｔｅｔｈｅｇｒｏｗｎｇｒａｐｈａｓＲ・
Ｗｈｅｎｔｈｅｙｂｅｃｏｍｅｈｅａｄ,sincetheyconsistofdominat-

ingsets,ｍｅｍｂｅｒnodesfromthefirstineachCWetzcan 
bechildrenofthem・Otherwise,ｗｈｅｎａｎｏｄｅｂｄｏｅｓｎｏｔ
ｂｅｃｏｍｅｈｅａｄ，Checkneighboringmembersof6whether 
theyareadjacenttootherheadsinR・ＩｆｈｅａｄｓｉｎＲｉｓ

A1gorithmlBroadcastALG 

1：ifasourcenodesisnotinBT(Ｇ)then 

2：ssendssourcemessageMtos､p7ti 

3：８．”callsprocedureEuJerjqrz(ＢＴ(G))； 
４：else 

5:’ScallsprocedureEuJerjdn(BT(G))； 
６：ｅｎｄｉｆ 

Theoreml．［2]LetaVet(G）ｂｅｑｃ比steﾄbased〃et-
ujorルｑｆＧ`ＭＥＴ(G）ｂｅｑ６ａＣｋｂｏｎｅｔｌｗｅｅＢＴ(G）＝
(VbT,ＥＢＴ）ｑｆＧ・Aljmoqdcqstin9onOﾉVet(G）ＣＱ〃ｂｅ
ｄ。"ejnO(lVbT|）7,,.s．

３．３C 

WeshowthearchitectureC[２１Inadditiontothedef 
mitioninsubsection3､１，ｏｎＣａｓｅｔｏｆａｌｌｈｅａｄｓｉｓａ 

ｉｎｄｅｐｅｎｄｅｎtsetofGNodesinBT(G)exCeptfbrheads 
arecalled9qtefuqy､ＯｎＢＴ(G),gatewaysdonotadjacent 
toeachotherandadjacenttotwoormoreheads・

Referto[2]aboutjoin/leavealgorithmsthatmajntain 
suchstructureC・

ChasthefbUowingproperties・

Ｌｅｍｍａ２・LetG6eqcomDectedbjdimectio〃ＱＪ９ﾊﾟＪｐｈｑ〃ｄ

ＢＴ(G)beMqchbonetmeeqfG〃ＢＴ(G)ｂＱｓｐｈｅｑｄｓ，
thentﾉZe〃umberqmodesZnBT(G)jsQtmost2p-1
1rDodesonC・

Hbnowinglemmasholdbythefactthatheadsarenot 
adjacenttoeachotheｒｏｎＧ 

Ｌｅｍｍａ３・LetG6eqcomzectedbidjmectZo7zＱｌ９ｍｐﾉＺｑ"d

pcbethecQmdZnqJjtZﾉけmjnjmunLclZ9uepqrtdtio〃ｑｆＧ、
Z1henmmberqf/Zeqdsi〃ＯﾉVet(G)isatmostpG・

Ｌｅｍｍａ４・LetＧ＝（ＶＩＥ）beqwzitdjskgmqph,｡"ｄ
MDS(G）ｂｅｔｂｅｍｊ"imumdomi"ａｔ｡"ｇｓｅｔｑｆＧ・Ｔ１ｂｅ
冗迦mberqノハeadsjnqOjVet(G）jsnotJqn9erthqn5x
lMDs(G)ｌ 

ＩｎＩ２１,amergeoperationisnotconsidered、

３．４JW 

OnarchitectureC,amergeoftwoormorecluster-based 

networkscausedbyajomofanodeisnotconsidered 
SoanewarchitectureMisproposedin[3]thatenable 

amergebyallowgatewaystoadjacenttoeachotheron 
BT(Ｇ） 
ＡｓｗｅｌｌａｓＣ，asetofallheadsisaindependentseｔｏｆ 

ＧｏｎＭＡｌｌｏｆｌｅａｖｅｓｏｎＢＴ(G)areheads,ａｎｄｎｏｄｅｓ 
ｉｎＢＴ(G)exceptfbrheadsarecalledgatewaysEach 
gatewayisadjacenttoatle卍ｔｏｎｅｈｅａｄｏｎＢＴ(Ｇ)．

－３６－ 



adjacenttothem,theysettheirparenttothehead・Then
ifallmemberbecomechildrenofotherheads，bremains 

member,ｅｌｓｅｂａｎｄｏｎｅｏｆｔｈｅｍｅｍｂｅｒｓｂｅｃｏｍｅｈead 
lnordertodeterminethestatusofnetDandupdate 

theinfbrmation,itissufTicientthattheneighborsｏｆｎｅｔｕ 
ｔｒａｎｓｍｉｔｔｈｅｉｒｏｗｎＩＤｓａｎｄｓｔatusｏｎｅｂｙｏｎｅＩｔｃａｎｂｅ 

ｄｏｎｅｂｙｎｕｍｂｅｒｉｎｇtheneighborsofneUﾉfromlto9and 
transmittingtheirinfbrmationinorderofthenumbers、

Ｌｅｍｍａ６．［2］ＴｿＺｅ〃e軌６０，sけｎｅｔＤｃＱ〃ｂｅ〃w7zbe花ｄ
ﾉｻ℃ｍＩｔｏ９ｊ"ｏ(9)eZlDectedmtmds,ｕﾉﾉZe花qiSthelZum-
berq/〃ej9hbomsq/neu）ｍｅ'・

Now,wepresentourjoinalgorithmZjoinａｎｄｓub-
routinesofitinAlgorithm2，Procedure3，４，and5to 
maintainthearchitectureZ,respectively． 

Ｐｒｏｃｅｄｕｒｅ４Ｚｍｅｒｇｅ 

ｌ：％LetTbetheminilnumrootlDinneighborsof汎etui

2:％ＬｅｔＲ＝Ｇ{{ulueCWetZwithrootlDr}Ｕ{冗巳､}Ｕ{uIu
hascaUedZstatusH； 

３：％ＬｅｔｔｂｅａｎｏｄｅｗｉｔｈａｔｏｋｅｎｉｎＥｕｌｅ７ｉＱ”； 

４：河emcallZstatusfbrOﾉVetzwithrootlDr；

５：ｆｂｒｅａｃｈｒｏｏｔｌＤｄｏｆｎｅｔｕ，sneighborsdo 

６：ｉｆｔｈｅｒｅｉＳｎｏｈｅａｄｉｎ７ＬｅＴｕ，sneighborswithrootlDd 
then 

７：Tzeu）sendsDoJoi〃messagetoaneighboringmember

TLwithrootlDjandminimumm； 

８８ｅｌｓｅ 

９：７LetusendsDoJoi〃messagetoaneighboringheadu

withrootlDイａｎｄｍｉｎｉｍｕｍｌＤ；
10：ｅｎｄｉｆ 

ｌｌ：z4callZstatusfbrRi 

12：tLcallsEuJe7jQ7LonthebackbonewithrootlDiwhich 

worksasfbUowsineaChround： 

１３： tjoinsintoRbyZstatus； 
１４： ｉｆｔｂｅｃｏｍｅｓｍｅｍｂｅｒｔｈｅｎ 

ｌ５： deljUer-mem6er(t)； 
168ｅｎｄｉｆ 

ｌ７： Ｎｏｄｅｓｉｎｔ､chdsettheirparentintot肺
18：ｅｎｄｆｂｒ 

Algorithm2Zjoin 

1：Thejoinmgnode”eTusendsAddMemessagei 

2：ThenodesreceivingAddMemessageaｒｅｎｕｍｂｅｒｅｄｆｒｏｍ 

ｌｔｏ９,ａｎｄｓｅｎｄｔｈｅｉｒｌＤｓａｎｄｓｔａｔｕｓｔｏ７ｚｅＴｕｏｎｅｂｙｏｎｅ； 
３：ｉｆ７ｚｅｔｕｄｏｅｓｎｏｔｒｅｃｅｉｖｅｓｔｗｏｏｒｍｏｒｅｒｏｏｔｌＤｓｔｈｅｎ 

４８Z-stqtusi 

５：ｅｌｓｅ 

６：Ｚ－ｍｅｍｅ； 

７：ｅｎｄｉｆ 

Procedure5deliver-member(U） 

１：ｕ・mlist:＝ｕ・ｃｈｄ－ｕ・b7LedgﾉZ；
２：Ｕ､c九．＝0．，９ 

３：Ｕ､8ｔａｔ：＝Inemberi 

４:whilew7zZjst牛Ｏａｎｄｕ.stat＝memberｄｏ
５：ｕｓｅｎｄｓＣ７ＭｏＭｍｅｓｓａｇｅｔｏａｍｅｍｂｅｒｍＥｕ・mZist；

６：ｉｆｔｈｅｒｅｉｓｎｏｈｅａｄｉｎｎｚ,九eｆｇｈｔｈｅｎ

７：ｍｃａＵｓＺＬｓｔａｔｕｓａｓＵｉｓｉｔｓｐａｒｅｎｔｆｂｒＲ； 
８８ｅｌｓｅ 

９：ｍｓｅｎｄｓＧｅｔｌＶＭｍｅｓｓａｇｅｔｏｏｎｅｈｅａｄﾉＺＥｍ.〃eigﾉZi
108 hsendsitsneighboringmembeIs，ＩＤｓｊＶＭｔｏｕｖｉａ 

ｍ； 

11：usendsObue泥dMmessagewithOM：＝ｕ,mJistn

jVMlandnodesinOMsettheirparenttohi 

128ｎｚｓｅｎｄｓＯＭｔｏｈ,ａｎｄｈ.cﾉＺｄ:＝ｈ､ｃｈｄＵＯＭ； 

13：tLmlzst:＝Ｕ・mZist-CM
14：ｅｎｄｉｆ 

ｌ５：ｅｎｄｗｈｉｌｅ 

ｌ６：ｕ･chd:＝Ｕ､nMjSti 

l7：Ｎｏｄｅｓｉｎｕ､chdsettheirparentintou； 

Procedure3Zstatus 

18ｉｆｔｈｅｒｅａｒｅｈｅａｄｓｉｎｎｅｉｇｈｂｏｌＢｏｆねｅｕｔｈｅｎ

２：７Leu）sendsFmMembermessagetotheneighboringhead 

'ＬｗｉｔｈｍｉｎｉｍｕｍｌＤ； 

3：〃etu・mootID：＝ん､mootID，γLeuﾉ.ｓｔＱｔ：＝member，

冗eu'・prt:＝ﾉＭＺ､chd:＝ﾉZ・cholU{九e､}；

4:ｅｌｓｅ{onlymember｝ 
587LemsendsBeHeqdmessagetoaneighboringmember 

mwithminimumlD； 

6：汎eu).mootID：＝ん､7℃otID，

〃e、.sｔａｔ：＝head,、.sｔａｔ：＝head，

，zeuj.prt:＝ｍ,ｍ､chd:＝ｍ・chdU{〃eu'}；
7877LsendsCVZ9Heqdmessagetoitsneighborsi 

8：Neighborsofmchangenz，statusintoheadintheirin-

fbrInation； 
g８ｅｎｄｉｆ 

Ｌｅｍｍａ７，LetQVet工(Ｇ）beqcmsteﾄb〔zsednetTuo7whqf
G・W7Ze〃ＣＺ８０ｎ９α"jzedTmtﾉZtotQll-hoPdatq,ｑﾉｶﾞｅｒａ〃
ezecmtio〃ｑ/Ｚｿﾞoj〃/ｂｒα〃odeneu）,Ｇ'json9a7zjzeduﾉjth
totaJ1-hopdqtQ・

Theorem2・Ｆｂｒｄ旬ｏｍｔ９ｍＰｈｓＧ１，Ｇ２，…，Giqnd
CYVetz(G1)，CWbtZ(G2)，…，CWetZ(Gd)，、/ｔｅｎｔ/Zese
9mP/Dsqmeon9qnizedu）jtbtotQJLhoPdQtq,ｊｏＺｎｑ/net〃

ＣＱ〃ｂｅｄｏｎｅｊ〃Ｏ(q）eZpectedmwzdstoitハｎｏｍｅｍｅｏｒ
ｉｎＯ(9＋max{|ＢＴ(G)|fbreachCﾉVet}）eZpectedmulzds 
u）jth77zen9e，Ｑ７ＬｄＧ’Ｚｓｏｍα〃jzedTujtハォｏｔａｌｌ－ﾉＺｏｐｄｑｔａ，
uﾉﾉZe花ｑｉｓｔﾉZe7zmm6erq/〃ejghborsq/neuﾉZ7zG'・

IntheexecutionofZ自joinonlytheneighborsofneuJ，
andneighborsoftheneighborsofneu）receiveamessage 
causedbyjoinHenＣｅ,joincanbeperfbrmedlocallyin 
only2-hopneighborsofnemwithoutchangingstatusof 
othernodes． 

Next,weshowourleaX/ealgorithmZleavetomaintain 
Z、

ＬｅｔｌｅｕｂｅａｎｏｄｅｗｈｏｗａｎｔｓｔｏｌｅａｖｅｆｒｏｍＧａｎｄＧ’ 

bethegraphafterleuleayes,thatis,Ｇ'＝Ｇ[Ｖ－{にＵ}］
inthissubsection・ItispossibletojudgewhetherG'is
connectedinO(|Tl)rounds,whereＴ＝(Ｖ(T),Ｅ(T))is 
asubtreeofOﾉVetZ(G)withtheleavingnodeleuasthe 
root(seeFig2)． 
Ourleavealgorithmisexecutedwhenleuwishesto 

leavefromthenetwork・ＩｆＺｅｕｉｓａｍｅｍｂｅｒ，ｉｔｓｅｎｄｓ
Ｉ'mLequdn9messageandsimplyleavesfromthenetwork・

Otherwise,theleavealgorithmworksasfbllows：First,we 
considerthecasewhereleuisnottherootofCYVetz(G） 
Ｔｈｅｃａｓｅｗｈｅｒｅｌｅｕｉｓｔｈｅｒｏｏｔｉｓｄescribedlater・ＩｆＪｅｕ

ｉｓａｈｅａｄ,CYVetz(Ｇ)isdividedintotwosubtrees、One
isthetreeTwithにuastheroot(notincludingtheroot

3７ 



▲ 

'、
、 Algorithm6Z1eave 

〃「

％ＬｅｔＴ＝(Ｖ(T),Ｅ(T))beasubtreeofaVet(G)withroot 
JeU； 

％Ｌｅｔα(。＝1,2,…）betheconnectedcomponentsof
GMT)－{leU}]； 

％ＬｅｔＨ＝Ｃ[Ｖ－Ｖ(T)Ｕ{ＵｌＵＥＶ(T),uhascalledZ白join}]；
％ＬｅｔｔｂｅａｎｏｄｅｗｉｔｈａｔｏｋｅｎｉｎＥｄ４Ｊericm； 

１：ｆｂｒｅａｃｈｕｅＧｄｏ 

２８Ｕ､l”ＩＤ:＝Ｕ・〃eigh；
ａｅｎｄｆｂｒ 

４：ＪｅｕｓｅｎｄｓＰｍＬｅａｕｊ〃gmessagei
５：ifZeU・stcLt＝ｍｅｍｂｅｒｔｈｅｎ

６８nodeBthatreceivedI2mLeqUj“deleteleufromneighP 
borlistinG； 

７：ｅｌｓｅ 

８：ifJeuisarootofOﾉVet(G)then 

９肝ifleu・mejgh牛Othen
leusendschkchiJdmessagｅｉ １０： 

ＥａｃｈｎｏｄｅＵＥｌｅｕ､b7zedghsendsu・ｃｈｉＵｄｔｏＪｅｕｏｎｅｌｌ８ 

ｂｙｏｎｅ； 
12：ｅｎｄｉｆ 

ｌ３：ｉｆＴｈｅｒｅｉｓａｈｅａｄ２－ｈｏｐａｗａｙｆｒｏｍｌｅｕｔｈｅｎ 

ｌ４：chan9e-7qooti 
15：else 

l6：ezceptio7z；ｅｘｉｔ； 
17：ｅｎｄｉｆ 

ｌａｅｎｄｉｆ 

ｌ９：ifJen)isaheadandl(【eu.”).6neZghl＝２then
（にu､Prt).chd:＝(leu6prt).chd-にu；20： 

deljUer-mem6er`eU・prtﾉ；２１： 

228 Nodesin(ｌｅＵ.prt).chdsettheirparentintoleuprt； 
238ｅｎｄｉｆ 

２４：％ＬｅｔＴ':＝Ｔ； 

25：JeUcaUsEuleriQ汎(T)whichworksasfbUowsineach
round： 

26：ｕ・"れん:＝ｕ・Ｊｉｍルー{t}fbreachnodeuwhoreceives
messagesfromti 

27：ｗｈｉｌｅｔｈｅｒｅｉｓａｎｏｄｅｉｎｌｅｕｃｈｄｗｈｏｈａsnotreceived 

atokenandnotjoinedｔｏＨｄｏ 
２８： ZeucallsEuleriQ〃(T'),anditworksasfbUowsineach

round： 

iftJj”ん牛Othentheprocedurefinishes；２９： 

30：tECjcallsEuUer…(Ｃｊ),anditworksasfbll・wsin
eachround 

3r tjoinsintoHbyＺくioinexceptlinel,2,ａｎｄｅａｃｈ

ｎｅｉｇｈｂｏｒｕｏｆｔａｄｄｓｔｔｏｕ・lmlc；

tsendsthetokenbacktoZeubyEuJeｒｆＱ"(T')； 32： 

33：nodeswhohavejoinedtoHareremoveｄｆｒｏｍＴ′； 
34：ｅｎｄｗｈｉｌｅ 

３５：ｗｈｉｌｅｔｈｅｒｅｉｓａｌｅｕ'ｓｃｈｉｌｄｕｅＯｄｗｈｏｈａｓｎｏｔｄｅｔｅｒ‐ 

mineditsstatusdo{separation｝ 
36： ｌｅｕｓｅｎｄｓａｍｅｓｓａｇｅｔｏｕ； 

37肝umakesaVet(Oi)withrootubyEuleriQrz(Oi)ｐｅｒ－
ｆｂｒｍｉｎｇＺｊｏｉｎｏｎｅｂｙｏｎｅ； 

38：ｅｎｄｗｈｉｌｅ 

３９８ｅｎｄｉｆ 

edgeinG 

Fig､２ＣＷｅｔＺ(G),subtreeT,connectedComponentsofT 

ｉｎＣＷｅｔＺ(G)),andoneisthetreeHwiththerootｏｆ 
ａＶｃｔＺ(G)astheroot・ThealgOrithmZleaN'eremoves
leufromT,ａｎｄａｄｄｓｏｔｈｅｒｎｏｄｅｓｏｆＴｔｏＨｓｏｔｈａｔｔhe 

re8ultedtreeisOﾉVetz(G)… 
Let｡(i＝1,2,…）betheconnectedcomponentsof 

G[V(T)－{leu}](Fig.2）Halwayschangesandgrows 
largereacｈｔｉｍｅｗｈｅｎａｎｏｄｅｉｎＴｉｓａｄｄｅｄｔｏＨ 
ＴｈｅｅｄｇｅｓｉｎＧｂｅｔｗｅｅｎＴａｎｄＨａｒｅｕｓｅｄｉｎｏｒｄｅｒ 

ｔｏａｄｄｔｈｅｎｏｄｅｓｏｆＴｔｏＨＢｙｕsmgjoinOperation 
describedabove,ｔｈｅｎｏｄｅｓｉｎＴｃａｎｂｅｍｅｒｇｅｄｉｎｔｏＨ 
ＥａｃhnodealreadyknowsitsneighborsinGandtheir 

statusinONetZ(G),therefOre,ajoinoperationcanbe 
perfbrmeddeterministicallyinO(1)rounds・First,Jeu
callsEuJerjQ7z(T)towakeupeachnodeofT・Whenever
thewakennodeUeOjhasanedgeconnectedwithH， 
ｕｍｏｖｅｓｔｏＨｂｙＺ官join,thenucansEuZerjqn(ｑ)ａｎｄ
eachnodeinqmovestoHfbUowinguby功oinoneby
one、ＴｈｅａｂｏｖｅprocesswiUberepeateduntilaUofleu，s
childTenhavereceivedatokenorｍｏｖｅｄｔｏＨ・Ifallofthe

nodesinTotherthanJeuａｒｅｍｏｖｅｄｔｏＨ,theleaveop-

erationiscompleted、Elsetheremainingnodesdevided
intoconnectedcomponents,thenseparationisperfbrmed 
andCﾉVet8ofthesecomponentsareconstructed・
Herewedescribeaboutanexception，ｗｈｅｎｌｅｕｉｓａ 

ｒｏｏｔｏｆＯﾉVetZ(G)．Ifleublzejgh＋0,electingahead 
whichis2-hopneighｂｏｒｏｆＺｅｕａｎｄｓｅｔｔｉｎｇｉｔｔｏａｎｅｗ 

ｒｏｏｔｏｆＯﾉVbtZ(Ｇ),ouralgorithminthegeneralcasecan 
beusedOtherwiseleUistheonlyheadmOjVetZ(G)， 
selectonenodeinleu.、ｅｄｇｈｂｅｃｏｍｅｓｔｈｅｎｅｗｒｏｏｔｏｆ

ＯﾉVefz(G').ThenewrootcansEulerjQ〃(ＧｌＶ－{leu}]）
andacluster-basednetworkisconstructedsequentially 

byrepeatingjoinfbrthenodewithtoken・
OurleavealgorithmZLleaveisdescribedinAlgorithm 

６andProcedure7・

Ｌｅｍｍａ８、ＬｅｔＯﾉVetz(Ｇ)ｂｅＧｃ伽er-6qsed〃etujorhqf
G、W7Ze〃Ｇｉｓｏ７ｙｑ"izedtuithtotaJLhopdqtQ,ｑ/iierq〃
ezecmtio〃qfZ-Jeque/ｂｒｑ九odeleU,Ｇ'ｊｓｏｍα"Zzeduﾉjth
totQJ1-hopdcLtQ・

rheorem3・LetaVet工(C)６ｅａｃｈ』stc艀bQsednetu）。戒
q/ＣＱ〃dTbetﾉZe8皿btmeeqfaVetZ(Ｇ)ｕｊｉｔﾊｵﾊeJemlj〃９
，ｏｄｅｌｅｕＣｚｓ７℃ｏｆ・Ｗ７ｂｅ７ｚＧｊｓｏｎ９Ｑ⑰ized⑩itハｔｏｔａＪＬｈｏｐ
ｄＱｔＱ,ｌｅｑＵｅｑｆｌｅｕｃ`m6edonei〃Ｏ(|Ｔｌ）rotmdS,α､ｄｏ’
'８０，９α"jzedmdtハｔｏｔｑｌｌ－"ＯＰｄｑｔａ、

３．５．３Properties 
Zwhichisconstructedabovetwooperationshasthe 

fbllowingproperty、

Ｌｅｍｍａ９・Z1benumberqMuste7wsisequQJtolBTZ(G)ｌ

ＬｅｍｍａｌＯ･ＬｅｔGbeqcomzectedbidj71ectjo7DQノｇｍｐｈ
Ｑ"dpcbethecqmdi"qJjtZﾉｑ/minZmumcJi9uePq噸tdo〃ｑｆ
ＧＬｌＢＴｚ(G)|isqtmost2pco〃Zujhichisc…tmcted
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Procedure8Zｲｰstatms Procedure7subroutineofZとleave

ｌ：ｉｆｔｈｅｒｅａｒｅｈｅａｄｓｉｎｎｅｉｇｈｂｏｒｓｏｆ冗eｔｕｔｈｅｎ

２：％ＬｅｔｈｂｅａｈｅａｄｗｉｔｈｍｉｎｉｍｕｍｌＤｉｎｎｅｉghborsof 

冗etU；

３８７zeu）.ｓｔＱｔ：＝member２，”et".p７．ｔ：＝ん，ｈ・chd:＝九.ｃｈｄＵ

｛，ze2U}； 
４：elseiftherearememberlsinneighbｏｒｓｏｆ”eＴｕｔｈｅｎ 

５：％ＬｅｔｎｚｌｂｅａｍｅｍｂｅｒｌｗｉｔｈｍｉｎｉｍｕｍｌＤｉnneighboIB 

of7Lem； 

６：〃e２，．８ｔａｔ：＝member2,,1.ｓｔＱｔ：＝head；

7：汎euj・prt:＝ｍ1,ｍ1.Cﾉｶ｡:＝ｍ1.chdU{刀e､}；
8:ｅｌｓｅ{onlymember2｝ 
９：％Letnz2beamember2withminimumlDinneighbors 

of7zetu； 

108net､.Stat：＝member１，ｍ2.sｔａｔ：＝head； 

11：〃Ｃｕ).prt:＝､z2,,2.chd:＝ｍ2.chdU{冗etu}；
12：ｅｎｄｉｆ 

ｅｘｃｅｐｔｉｏｎ 

ｌ：ｌｅｕｓｅｎｄｓａｍｅｓｓａｇｅｔｏｏｎｅｏｆｉｔｓneighbors７，ａｎｄrbe-

comestherootandhasatoken(t:＝r)； 

２:rsendsIImRootmessageandu､1t〃ルーｕ・Ｊｍｌ６Ｕ{r｝fｂｒ
ｅａｃｈｎｅｉｇｈｂｏｒｕｏｆ７ｉ 

３:％ＬｅｔＧ〃:＝Ｇ[(7)]；
４:tcallsEulerioね(Ｇ{G(V)－{にＵ}])whichworksasfbllows

ineaChround： 

５：ifthasnotjoinedthen 

６：tjoinsintoG〃accordingtothestatusofnodesin

t・lj7Lkby巧oin；
７： Eachneighboru'ｏｆｔａｄｄｓｔｔｏｕ'､li7zlc； 
８８ｅｎｄｉｆ 

change-root 

l8ZeusendsamessageｔｏａｈｅａｄｈｉｎＪｅｕ､b7Lejgh； 

２:ZeU.prt:＝ん,ｈ､c'@.i＝ん､chdU{Jeu}；
3:hsendsamessagetoahead〃inh.bneigh;

４:'Z.”t:＝ﾉz','2'.cﾉZ｡:＝ﾉZ'.c'ZdU{ﾉZ}； 
5:〃､prt:=Land〃becomesaroot杁

Procedure9Zｲｰmerge 

ｌ：％Let7betheminimumrootlDinneighborsof7zeTu； 

２:％LetR＝Ｇ({UlUeOjVet工withrootlDr}Ｕ{ねeul}Ｕ{ulu
hascanedZstatus}１ 

３：％LettbeanodewithatokeninEtLle7iｃｍｉ 

４：７zeu）ｃａｎＺｲｰstatusfbrOﾉVetuwithrootlDr； 

５：ｆｂｒｅａＣｈｒｏｏｔｌＤｉｏｆ７ｚｅｍ，sneighborsdo 

６８ｉｆｔｈｅｒｅａｒｅｈｅａｄｓｗｉｔｈｒｏｏｔＩＤｄｉｎｎeighborsof冗eｕ
ｔｈｅｎ 

７：汎Ｃｕ）sendsDoJoj7zmessagetoaneighboringhｅａｄｕ

ｗｉｔｈｒｏｏｔｌＤｉａｎｄｍｉｎｉｍｕｍｌＤ； 

８：elseiftherearememberlswithrootlDdinneighbo函
oflrDeuthen 

９：九eTuSendsDoJOd〃messagetoaneighboringmem-

berlｕｗｉｔｈｒｏｏｔｌＤｉａｎｄｍｉｎｉｍｕｍｌＤ； 
10：else 

ll8九eusendsDoJoj河messagetoaneighbormgmem-

ber2uｗｉｔｈｒｏｏｔｌＤＺａｎｄｍｉｎｉｍｕｍＩＤ； 
１２：ｅｎｄｉｆ 

ｌ３８ucallZｲｰstatusfbrR； 

148ucallsEulerjcmonthebackbonewiｔｈｒｏｏｔｌＤｉｗｈｉｃｈ 

ｗｏｒｋｓａｓｆｂｌｌｏｗｓｉｎeachround： 

158 tjOinsintoRbyZｲｰstatus； 
１６： ｉｆｔｂｅｃｏｍｅｓｍｅｍｂｅｒｔｈｅｎ 

ｔｓｅｎｄｍｅｓｓａgetoitschildren，ａｎｄｔｈｅｙｓｅｔｔｈｅｉｒ ｌ７： 

statusintomember2； 

deJiUer-member(t)； １８： 

19：ｅｎｄｉｆ 

２Ｄ Ｎｏｄｅｓｉｎｔ.c九ｄｓｅｔｔｈｅｉｒｐａｒｅｎｔｉｎｔｏｔ；
21：ｅｎｄｆｂｒ 

bzﾉＺﾌﾟｏｊＭｅａＵｅ 

Ｌｅｍｍａｌｌ・LetＧ＝（ＶＩＥ）ｂｅｑｗＤｉＭｄｓｈ９ｍｐｈ，
αＭＭＤＳ(G）ｂｅｔｈｅｍｉ"Zmnmdom…tj〃ｇＳｅｔｑ/Ｇ
ｌＢＴＺ(G)|is〃otJqmerth(ｍｌＯｘｌＭＤＳ(G)|・

ThepropertiesshowninlemmaslO,１１arenotderived 
fromthedefimtionofstructureofZ，butderivedfrom 

themaintenancealgorithm(Algorithm2,６)． 
ＯｎＺ,amergecanbeperfbrmedwithoutchangingthe 

orderofcomPletiontimefｂｒｂｒｏａｄｃａｓｔａｓｗｅｌｌａｓＭ 

Ａｎｄｉｎｔｈｅｃａsethatamergeisnotcaused，thesizeof 

abackbonetreeandthecompletiontimesofjoin/leave 
algorithmsaretheSameas[21.KindsofstatusiSreduced 
andabackbonetreeissimplifiedonZ．． 

３．６ZJ 

Weshowthelastarchitecture〃、ｏｎ〃,thesamethe-

oreticalresultsonZareobtained，ｅ9．thecompletion 
timeofoperationsandthesizeofbackbOnetree、

３．６．１StructureF 

lイfbUowsthebasicstructureofZ,andattempttore-
ducethenumberofclusters(ie.,thesizeofbackbone 
tree)bydividingmemberintotwostatus・
Inthestructure,asetofheadsLsnotindependentset 

ofCandthebackbonetreeconsistsoｆｏｎｌｙｈｅａｄｓａｓｗｅｌｌ 
ａｓＺ、Ｗｅｕｓｅｍｅｍｂｅｒｌａｎｄｍｅｍｂｅｒ２ａｓｓｔａｔｕｓexcept
fbrheads 

LetQV鋤(G)ａｎｄＢＴ〃(G)ｂｅＣＷｅｔ(G)ａｎｄＢＴ(G）
witharchitectureu,respectivelyb 

３．６．２MaintenanceAlgorithms 
Firstweshowthejoinalgorithmfbr〃、

Ｗｅｅｘｔｒａｃｔｏｎｌｙａｐａｒｔｒｅｌａｔｉｖｅｔｏａｄeterminationof 

statusandmergeoperationinProcedure8and9・Ｂｙ
ｒｅｐｌａｃｉｎｇｔｈｅｎａｍｅＺｗｉｔｈｔｈｅｎａｍｅ〃，mostpartofthe
otheralgorithmandprocedureof〃ａｒｅｔｈｅｓａｍｅａｓｔｈａｔ
ｏｆＺ． 

Theorem4・Ｆｂｒｄｄ可oZ7zt97nphsGﾕ,Ｇ２,…α〃ｄ

ｏﾉVet皿(Ｇ１),αV鋤(G2),…，⑩he〃Ｇｄｓｏｍｑ"jzedzufth
totaJZ-hOPｄａｔａ,ＺｲﾌﾞoZ〃ＣＱ〃ｂｅｄ。〃ｅｊ冗○(9)ezPected

mundsujdth〃omen9eorj"Ｏ(9＋max{|ＢＴ(G)|fOreach
aVet})ezpectedmundSuitﾉZmeme,｡"｡Ｇ'isomqnized 
uﾉｊｔｈｔｏｔＱｌＺ－ｈＯＰｄｑｔｑｊｔｕﾉieme9jsthe〃吻刀berq/ned9hMws
qfneu）z7DG'・

IntheexecutionofLLjoinonlytheneighborsof汎euﾉ，
andneighborsoftheneighborsofneujinaVetzz(G)re-
ceiveamessagecausedbyjoin・Hence,joincanbeper-
fbrmedlocaUyinonly2-hopneighborsofne⑩without 
changingstatusofothernodea 

Aboutourleavealgorithmtomaintajn〃，ｉｔｉｓｂａｓｉ－
ｃａｌｌｙｔｈｅｓａｍｅａｓＺｌｅａｖｅ，whereweconsidermemberl 

andmember2asmemberandZ曰joinasZｲjoininZleave

－３９－ 



algorithm、OnlyinthecasethattheleaNﾉingnodeJeuis
arootormemberl,thealgorithmdilIerssnghtly6 
IfJeuismemberl,leuchangesitsstatusintohead,and 

perfbrmsZleave・E1seifJeuisaroot,itsearchesahead
2-hopaway，Ifsuchaheaddoesnotexist，itsearchesa 
memberl2-hopaway,changesitsstatusintohead，and 

perfbrmsZ1eaX/e・ElseitsimplyperfbrmsZ1eaN/e・

Theorem5・LetOlVetzｲ(G)beQcZusteﾄb“ｅｄ〃etUo7wlc
qfGandTbethesubtneeqfOﾉVet凹(G)⑩itMZe1eqUZ〃９
〃ｏｄｅＪｅｕａｓｍｏｆ・W7Ze〃Ｇｊｓｏｎ９ｑ〃izedu）i仇ｔｏｍＪ１－ｈｏｐ

ｄＱｔＱ,ZｲｰﾉｅＱＵｅｃＱ,z6edonei〃Ｏ(|Tl），wmmdS,｡〃｡Ｇ'is
on9Qnizedu）ｉｔハォｏｔｑｌＬｈｏｐｄｑｔｑ．

Compansonwiththesizeofbackbone(､=1000～8000） 
● 

０
０
０
０
０
０
０
 

０
０
０
０
０
０
 

２
０
８
６
４
 

２
 

１
’
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３．６．３Properties 

〃whichisconstructedabovetwooperationshasthe

fbUowmgproperty・

Ｌｅｍｍａｌ２．Ｚｿｂｅ〃tLm6erq'chz8te7wszse9uqlto

lBzMG)|、

Ｌｅｍｍａｌ３･ＬｅｔＣ６ｅｄｃｏ〃nectedbjdimectio〃αＪ９ｍＱｐｈ

ｑ〃ｄｐＧ６ｅｔｈｅｃａＭｊ"qJitZﾉｑ/md7zimwDcli9uepq元itjo汎ｑｆ
ＧｌＢＴｚｲ(G)|jsatmost2pco"Lハuhjchjsconstructed
bﾘｿﾌﾞojMeqUe， 

Ｌｅｍｍａｌ４・LetＧ＝（ＶＩＥ）ｂｅａｕｎｊｔｄ'８ルgmph，
α〃ｄMDS(G）ｂｅｔｈｅｍｊ〃im皿ｍｄｏｍｍＱｔｄ"ｇｓｅｔｑ/０．
|ＢＴ"(G)|is〃otlQmert/Zα〃１０×|MDS(G)|・

ＡｓｗｅｌｌａｓＺ，ｔｈｅｐｒｏｐｅｒｔｉｅｓｓｈｏｗｎｉｎＬｅｍｍａｓｌ３，１４ 
arenotderivedfromthedefinitionofstructureofL/,but 

derivedfromthemaintenancealgorithm・

ZsatisfythesamepropertiesofManｄＺａｂｏｕtthe 
capabiUtyofmerge／thecompletiontimeofbroadcast／ 
thesizeofbackbonetree・Wemoreshowtheadvantage

ofthesizeofbackbonetreeonHbyasimulationinthe 
nextsection． 

ｌＯＯＯ２０００３０００４０００５０００６０００７０００８０o０ 

Ｔｈｅｎｕｍｂｅｒｏｆｎｏｄｅｓ 

Fig3Compamsonwiththesizeofbackbonetree 
C 

５．Conclusions 

lnthispaperweimprovethearchitecture[2],andpro‐ 
posethearchitecturesandthemamtenancealgorithms 
whichhavebetterpropertiesaboutthesizeofabaCk‐ 
bone,expansionsoftasks,ａｎｄｓｏｏｎＡＬ３ｏｗｅｅｎａｂｌｅｔｈｅ 

ｍｅｒｇｅ/separationoperatiOnwhichistakennoaccountof 
in[2１ 
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４．Sinmunlation 

WecomparethesizesofbaCkbonesfbrthefburarchi-
tecturesanditsmaintenancealgorithmsbysimulation・
Ｔｈｅｓｅｔｔｉｎｇｏｆｔｈｅｓｉｍｕｌａｔｉｏｎｉｓａｓｆbllows：Eachnode 
istreatedasapointwithoutvolumeiThefieldwhere 
nodesaredeployedisinfimteplane;Nodesareaddedto 
thefieldfrominitialstatewithonenodeuntilthenumber 

ofnodesreachn;Eachnodeissettedrandomlywithina 

rangewhereexistingnodescantranmit・
Underabovesetting,wemeasurethesizeofbaCkbone 

withｉｎｔｈｅｌｉｍｉｔｏｆｎ＝1000,…,８０００ｂｙｌＯＯＯｎｏｄｅｓ 

(Fig.３）Eachplotpointrepresentaaﾊﾞﾉeragevaluefbr 
lOOtrials、

ＴｈｅｓｉｚｅｏｆｂａｃｋｂｏｎｅｔｒｅｅｏｆＺイislessthanthat

oftheotherarchitectureswithinthelimitof7z＝ 

1000,…，8000,ａｎｄｉｔｉｓｅｘｐｅｃｔｅｄｔｈａｔ〃ｉsalsosupe-
riortotheothersfbr7z>＞８０００fromＦｉｇ．３． 
ＷｅｃａｎｃｏｎｓｉｄｅｒｔｈａｔｔｈｅｓｉｚｅｏｆｂａｃｋbonetreeofZis 

slightlylessthantｈａｔｏｆＣａｎｄＭｆｂｒｔｈｅｒｅａｓｏｎｔｈａｔ 
ｔｈｅｎｕｍｂｅｒｏｆｎｏｄｅｓｗｈｉｃｈｃａｎｅｘｉｓｔａｓｍｅｍberincrease 

byconstructingbackbonetreewithonlyheads，ｉ､ｅｔｈｅ 
ｎｏｄｅｓｔｈａｔａｒｅａｂｌｅｔｏｈａｖｅｃｈｉｌｄｒｅｎＩｔｉｓａlsoconsidered 

thatL/cangreatlydecreasethenumberofheadswhich 
existinapartoftheouteroftheregionwherenodesare 
deployｅｄａｃｔｕａｌｌｙｏｗｉｎｇｔｏｍＬ 

－４０－ 
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