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Abstract

ln thrs work, wc have dcscnbcd cn algonthm for cluslennS ln ad hoc nclworks Wc havc Pro

po\cd to combrnc thrce approachcs, BFS algorlthm, Lowcst ID clustenng and mrnlmum outgo_

rng edge Our Soal ls to [unlmrz. thc numbcr ol clusteB. thc numbcr ofhops b€tqeen the nodes

and the communrcatron ovcrhcad (for brordcasllng) Our motl!atlon for tlus work ls 1() prcscnl

an efficrcnt sparse nctwork s[ructurc forcommurucdoon The sparsrty ls checked throughclustcr

overldps and node deSrce In llteraturc. we havc detemlncd thrt many rescarchers cmPha\'7cd

on network load (r c node dcgrccs) lnd nclworl lalenc] (thc radrus) Somc ol them lned to

prodDce mrnlmum or maxrmum clustels such as onc hope or l.-hope cluslcfinS Orerlaps and

non-overldps cluslcrs have also bcen consrdcrcd by thesc rcsearchers Somc researchcr cm_

phasrzed on mlmmum or m.rxlmum nodes dctrces Wc havc detclmrned that many algorlthms

produccd clustcrs wlth ovcrlaps end f thcrc are no ovcrldps thcn thc communlcat)on overhead

(nodc dcgrce) ls not lned lo reducc We have Prcsenled an ilgonthrn that ls balJnccd rn tcrm of

clustcnng rnd commumcatron ovcrhcad Thc clustg creauon ls bnsod on a condrtton (l c tor

k > I, thc numbcr of nodes ln the next la)cr ls greater or equal to nodes In the Pre\lous trcc

nodcs) cnd wc h:\'c proof by lcmmds thrt erLh cluslcr consrsls a tree (\rhrch mcan that cach

node has onc p{cnt node ,rnd hcnce we hatc mtnrmrzed thc dcgrce of thc nodc) Our proposed

\!ork gencratc thc clusters. whrch may bc one hope or k-hope to Sarn our purpose Thc hr\l

nodc rs glven whrch dct ds thc clustcr hcad, lhc rcmarnlng cluster hedd\ are \elccled wllh mln_

rmum nodc lD Our alSonthm can bc dcployed tn arcas wherc no lnfrastnrctule ls rv lable

we havc comparcd our work $lth prcvrous lltcrarure and thc results show that our proPoscd

scheme rs betrer ln nctwork clustcrs and nctwork load A tablc ls also Presenled for compafi\on

wrth seleml algonthms and wc havc found thal our proposed work ls Sood ln ierm of clustcr

o\erldps, node dcBrec, hopc counts {bct$cen Llust.r hcad) and !lu\ler radtu\
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Chapter I

Introduction

1.1 Distributed System

In a centralrzed systcm, the data can be obtalncd lrom onc locatlon In dtsrnbuted \y\tem, there

may bc morc than one prcccssors actlve tt thc same ttme and processors can obtaln dalf from

each processor Thc communtcatton bctwccn lhcsc processors rs done through mes\a8c\ l'hc\c

systcms may bc drffercn! rn srzc, actrvrtrcs and powcr [n other words, ln a drttrrbuled envlron_

mcnt, cach systcm has drffcrcnt rrchltcc(urc, sr/c, power, worL nnd cach nodc/slstcm har lhelr

o\\ n proccssor and protocols Thc proLocols arc run and makc a computatton on each proces

sor Drslnbutcd computrng uses the mcssatc passrng model, ln whrch each proccssor makcs an

rnteractron $lth lhe other proccssors throuBh mcssages ln lhrs thests our emph.rsts $lll be on

pornt lo polnt dlstnbutcd messagc passln8 In othet words, wc have only rnformatlon aboul our

o'lr n syslem and our nerghbors', a loosely coupled system uses the me5sagc5 to our nelShbor\

to communlcatc wrth cach other In r hghtly coupled system (Parallcl), sharcd mcmory rs uscd

for communlc,llron The communrcalron phenomena rn dr\lnbuled \y51cm\ become dlfllcult a\

compercd \rrth ccntrahzed systcms A nctworkcd computcr contams a hard,,lare or soft\^Jrc

componcnt at drfferent locatrons, communrcatrng wlth each othcr through messr8c passrng and

rs called r drslrbured system Whcn onc syslcm farls ln thc dlstrlbuted systcm thc othcr syslems

wrll ncvcr get allected by thrr fdrlurc Thrs larlurc wrll be Indrvrdually [1]

Dcnniuon 1.1.1 (Drstnbutcd Systcms), - <olletnon of ndepende,t Lomputers dppear s

smgle ompurer [2]

1.1.1 Applications of Distributed Systems

Drstrrbutcd systems !an be used rn many applcrtrons such as the \r'eb onllnc 8amcs. hcalth, cd-

uLJllon and financc etc Googlc has transfcrrcd thclr $holc svstem m .r dr\trrbuted envrronmenl

Thc seJrch cngrnc produces onc of thc most complcr drstnbuted en\ rronmenl\ rn Lomputer hls
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tory Thrs cn\lronmcnt consrsts of a physlcal Infrastrulture of networked comPuters spread

all ovcr the world The Googlc systcm consrsts of a dtsklbutcd lilc shtrlng systcm to support

very largc hlcs The collcctron of ttock mdrket data. .ualyzlng the polltlc'rl srtuatlon rnd \hdre

rmdlng ls vcry neccssary for stocI malkets, whlch can bc provlded b] a dlsmbutcd \ystcm

1.1,2 Distributed System Model

Dlstflbuted systcm models can be dcfined rn lwo calegofle\, one ls mcmory shJflng models

Jnd thc olher rs messagc passrng model ln memory shrflng model. thc pro!essors oblaln thc

data from onc Iocauon wlule, ln the dlsEbuted system lhc processor c;In obtaln thclr data from

each other through mcssage passtng In thls thesls. our modcl rs bascd on message passlng

Thc commumcatron structurc can bc dclincd as, gtvcn an undlrected graph Thc cdgcs of thc

gr.rph wrll be represcntcd thc commumcatlon channel and the vcnlccs of the Sraph rcprcsent

the nod€s

Definition 1.1.2 (CraPli. -AeraPhcanbedelinedavG=(VEttho?\'t\thesctt)f kttt(es

atd L. ts the set ol ed4esl] l
The \e(lccs are somctlmes called nodes. slstcm or proccssor The edScs are callcd Lommunl-

calron channels and wrll be bld,rcclronrl Dlrcclcd communrcduon wrll be done only between

nelghbors The communlcatron phenomena are ds follolr' lhe vcruces have Pons cqual lo the

total numbcr ofdeSree of !e(ex and cach cdtc ls connccrcd to exactly one port Edgc (l,, r) Is

conncctcd to both vcrtrces wrth ((tl. I), (l,J)) Parr,whcrel<I<dr8(v) Jndtal<de|lu)
E.rch vcrtcx hns lnpul and outPut buffer for storrng ln / out messages and processor\ r'rd from

therrs

1.1.3 Issues in Distributed Systems

There arc many rs\ucs In thc dl\lnbuled sy\tcm such a\ communlca(lon (co\1. \pced), Incom_

plctc LnowledSe. tarlurcs, ttmrng, algontlmlc and programmtng dfhcultrcs Dctalls ot thesc

problems ne as follows,

1.1.3.1 Communrcation and IncomplGta Knowlcdgc

Scndrng of rnformanon to othcr nodcs do nol bccome frec You \r'lll bc PJrd for lt Thls ts neces

sary to llmrt us to spccd at r,hrch we wtll ProPagatc the rnformJtton ,rnd also hmrlatlons rcqulrcd

to the Jmount of rnformatlon to bc transmttcd The Srven rc\ources should be used wlsely ln

d centrrllzed model, eech s)stcm ls tware of wha! happcncd bcfore Jnd af(er cxccuuon, wl c

ln dlstflbutcd syslem, cach nodc has only lnformatlon about ther nclShbols

Hofa zrh 7A-FB4Y,USCS/S I l
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1.1,3.2 Failurc, Complcxitics and Progr.mming Dimcultics

In a ccnralzed modcl. rfa hardware or soflwarc fatlurc occurs then find the fallurc source

and hx rt whrlc. rn drstnbulcd model, thc srtualrcn rs complex Mostly llnk larlurc or lo\l ol

packets occurs whlch rs d licult to hnd For synckonous and as)nckonous modcls separale

prcgrammrng for each evcnt such as comPutatlon, messdgc passmg ctc wrtl hare to bc done

For cxample, for d synchronous modcl, programmlng for local compulalron and scndlng a mes-

sagc. whrle rn asynchronous, the proSrammlng of thc algonthm must be elent dnven I c at

event r do ) Trme and mcssagc comple\rly ofdrstnbu(ed alSonthms for drstnbutcd s-vstcm r\

one ol the maJor rssucs

1,2 Local Information Based Distributed Algorithms

The tradltlondl nctwork protocols malntalncd a lable of rnformatton ln wtuch each nodc marn-

tams rnformatron about thc \\'holc network Thcsc prolocols beLome very cxpcn!r\c lD tcrm of

memory and hcnce. dlfficult 10 mflntarn rn nclworks Some researchers reallzc that global In

formatron r5 not essentral for the nctworl Many usks can bc donc by lecprng onlY lnformJlron

about $e nerghbors For thls purposc $c wrll use Locallty prcsenrn8 nctwork represcnt.rlron

approach

1.2.1 LP-Representation

The mam purposc of tlDs approdch rs i slructurc whrch farthfully rcprescnts the lopology ofthc

netuork The purpose of thrs sEucturc ls to marntarn only the lnformiuon aboul a fcw edSes

and a sub8raph rnstead of the whole Braph whlch can reduce the eomputatrondl dnd \torage co\t

Namcly, thcrc c two typcs oI LP-Reprc5enutron, clustercd cnd sLeletal rcprcsentatlon

1.2,1.1 Clustcred Representation

In th'\ tlpe of LP-Represcntalron, wc dr!rded lhc wholc grrph rnto lonnccted subgrcphs and

make clusters ofecch subgrcph In clustcnnt approach, the lo!us rs on t\\'o pdramclers. ndmely,

dcpdorr lus of thc cluster and ovcrlapprng A drstnbutcd algonthm wlll be emclcnt lfborh
pardmcters are controllcd Hlcrarchlcal cluslcnng rs used by mdny re\cdrchcrs

Dcrinition 1.2,1 (Clustcr). mduted :ub gntph suth that all nodes are connected lhtthol a

regtotl or) hartng same prupernzs IJ]

Hd\\u kb 7U FBASMSCS/SIl
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1,2.1.2 Skelcttl R.pEs.nL.tion

Thrs type ot l-P_Rcprcsentdllon conslsts of sParsc spannrnS sub graph\ such as spannlng trce

1.2.2 Basic Idea of LP'Reprcsentaiion

ln global algonthm cnvlronmcnt, thc al8onihm cannot find thc lnformatlon rclated to a speLrllc

arca of thc nclwork Such algonthms vlslt all the vcrtlccs of thc graph Thc local tnformatton

based algonthms can rcslnct themsclves lo a spacrhc area For thrs ta\k clustcr tcch[quc rs

uscd, rn whrch wc can malntaln lnformahon to a speclfrc rcglon All clusters !onlaln connecled

nodcs and nodes cin Parttctpate ln any actlvttlcs such a\ kecPlng lnformatlon 01 the nelShbors

A node can partlctpalc wtthln cluslcr dctr\ltlcs As dlscusscd ln I I I I thc t*o paramctcr\

wrll be controllcd b Provldc an emclcnl clustcr alSonthm A small rrdlus ol 'r cluster pro\ldcs

r lo\^'tlmc complextty dnd a low ovcrldpplng algonthm guaranteed low mcmory complcxlty

Lo,* mcss,rgc complextly ls bascd on control of both parametcrs The othcr LP-Rcprescnl'tlon'

r e \lclelal rcpresentatlon, crn mlnlmtzc thc cdgcs of thc Sraph Only onc algonthm rs urerl

wrthout changrng Thc plrcmetcr used ln skclctal rcprcsentalron r\ the number oi edgcs \*hrch

re[cr5 1{) the cost of thc algonthm

1.3 Notions and Keywords

Many mathemaucal nolrons andkcywords wlllbc used ln thls the\r\ The source tor nohons and

kcywords are ral<en from [4. 5, 6] A Sct can be descnbcd as a group of oblccts obJccts mry

be r number, symbols or evcn another sct Thc object ln thc set ls called elcmcnt or numbcrs

For cx.rmplc, a sct of thc EngLsh alPhabct Thc set wlll bc wntten ln curly brackcts Erch sct

wrll bc prc\ented by d namc A scquencc of objccts refers to a h\l of thc\e objecl5 rn ordcr

Thc llst wlll bc wnttcn wrthln parcnthcsls The scquencc can bc dlvldcd lnto two catcgorlcs

finrte and rntinrte A finttc 5cqucncc I\ refefed (o a luple lhcre m'ry be k tuple of scqucnce

elcmcnt A luo tuplc scquencc clcmcnt called a par A rclatlon\hrp bcl\reen oblect r\ (alled

r funLhon A lunctron lakes an objcLl ds rnput and produces rn objcct as output Thc lnput

\alucs cillcd doma[ al|d the outPul valuc callcd rangc notatlon for lhe funcuon ls fX -Y
A Grrph can be rcpresentcd as, G = (Y E) whcrc E ts scl of cdgcs and V ls i thc sct of nodcs

Thc number of edges tnctdcnt to J nodc rs callcd thc degrec of thc nodc and rcprescntcd b1

../et(y) A graph may bc drrcctcd or ln drlectcd An cdgc xr from nodc 11 to l ln a drrectcd graph

wlll bc represenled as ri whtle rn unducctcd graph thc edge betwcen nodcs r{ rnd I wrll bc

rcprcscntcd as rT Thc clustcr *tll be rcPrcscnled,rs capltal ry' 
' 

6 elc aDd thc colcr\ as

.ABC

Chaprer I lntrodu!uon

Ilasrln Z.b 7U-I BAS/MSC5/Sll
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1.3.1 ThesisOrganization

Rest of the (hcns ts org,tnlzed as. the chaPlel2 ts bascd on some definrtrons and prclmtnanes

Ch.rplcr 3 rs based on htcmture rcvlcw ,md chapter rl I! brscd on methodoloSlcs In whrch wc

havc dlscusscd modcls that are used ln our problem solutlon chaPter 5 rs based on our proposcd

solutlon and chaplcr 6 ls bascd on resulls and dlscusslon Chaptcr 7 rs based on conclusron and

luture work drcctron

Hd$on 7,h 7U FBAS/MSCS/SIl



Chapter 2

Preliminaries and Definitions

2,1 Preliminaries and Definitions

In rhr\ \ectron, we wrll define somc nolrons. concepts and Ideas that w l be usclul lo undcrstand

rhc tcchnrc, detalls of the thesr5 Our dcfinltlons tc bascd on [7, E, 9, 10. I I l2]

2.1.1 Broadcasting on Network

In drstnbuted network systcm, a broadcasung opcrallon Is r fundamental apProdLh Many ,rl_

gonthm has becn proposed for broadcaslrnt (drscus\ed rn scctron 3 I ) Formdllv. Bc c.ln dcnnc

thc broadcas( problcm as follo,*,

Definition 2.1.t (Broadcastmg). - Rroadcasl operarron svn frotn root t,, \hrch Lontotn! a

fiessaee MsB u, oulbullor lronsmtsrron the ncsM8. IvlsB $ lransmtted lo |lrc (lt leofnod?s[6]

Several algonthm has bcen proposcd for broadcisttng tuch as floodln8, broadcast,ng on cxl\t-

rnt lree and broadcastrng on wrthout exlstrng tree All thesc algonlhms hcvc bccn dts.ussed

formally rn scctlon 3 I

2.1.2 Broadcasting

Grlcn a sp,rnmng trce I rootcd at r,. lrdnsmltttng a message Msg star trom lhe roo( node r,,

.rnd tr.rn\mlt the me55age to chrld nodcs l'hc algorlthm works on a preexl\tln8 trcc and cach

proce\\or has the rnformatron abu! thc trcc [f thc trce ls not exlsunS, then lt can bc constructcd

Iir\t through many algonthms such cs MST A broadcast algorrthm can al\o construct a trec

Grvcn a graph G = (y, E), to run a synchronous broadcast alSortthm on thr\ graPh, $ lll producc

a trcc rootcd at ?,, The tree that ls produced by tlls algonthm wlll bc aBFS trce rootcd dt t.
(scc alSonthm 3 I l0) Wlulc ln an asynchronous system rt l\ nol ncces\ar) thal a broadcast

algonthm wrll produce a BFS trce
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2.1.3 Convergecasting

whcn the broddcast opcratlon complctcd then 1',o* 11'ta 1661 n6dc wrll assume tlc haltlng of thc

.llgonthm Forthrs purpose. the convcrgecas! algonthm ls usrng Thc baslc rdea ofconvergccast

algonthm ls !hal. start from thc lcaf nodc and scnd a mcssage to Parcnt nodes The mcssage

may bc a ptccc of lnformaDon or ccho Through convcrgecast. we can also mekc functlon

computatrons. namcly addrtron, mrnrmum valucs lnd maxtmum !alues etc Ifanodehr\\omc

rnput valucs and wants to makc comPulatlon lhcn lhls functlon comPutatron rs callcd Semt

Group Computdtron Formally,

Dchnition 2.1.2 (Scmr Group Computauon). ' A setrtl SrouP fun.Iton d has the Jollowng prop'

I The funcnon d xttll be x'ell dcfined ln gtvett urput

2 TheJintuon 6 holds the osso.tuttft and com,nulattyc properfJ

3 Th functnn 6 mo-t reprcsent fiorth occordtng to lhe mPut

A numbcr of convergecast ,rlgonthms dcfincd In scctton 3 I

2.1.4 Downcast and Upcast

Downcast and upcast are not samc as Brotdcasl and Convcrgccast Thts technrque rs uscd whcn

thcre cxlst drffcrent llcm\ to be treated lndrvrdurlly and can not bc combrncd wrth root and chrld

nodcs Our focuscs wrll be on messagc complcxrly Dctatls are In scctton 3 I l5 rnd 3 I 16

2.1.5 Application of Convergecast and Upcast

The role ofconvergccast aod upcast ls not lrmrtcd Hcrc \\'c wtll dlscuss somc ofthe appllcatlons

rn whrlh upcasl and convergecast uscd

Smallcst El.mcnt

ln $rs method, a small value wlll bc collcct from cach node and wtll be sent to thc root node

Gethcrirg and Propagation of Information

In firs mcthod, thc rnformatron wrll bc Lollectcd dnd propag,rtcd to thc node\ Thc brslc ldea ls

$at. collcct thc lnformatron rn thc root nodc cnd thcn broadc.lst Il to lhc ch,ld

Distribution of Tokcns

ln thrs mefiod n tokcns wrll bc drstnbuted to n nodc\ rn the lrcc Thc tokcn slze wrll bc O (1.r9

rlr brrs

Chaprer I Prclmrnrn.s and Dclin,I'on\

Itt\ n1h 7,h 701- FBAS/MSCS/S I l
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2.1.6 Time Complexity

Dcfinition 2.1.3. [he hn1? LomPle\tt\ of the scqtennal olSorthn ran be dchned as

lnme Compl.\it\ of Sequenuul AlSor hnl Th. numberoJ stePt ttLert bt an algonthn]runt

ltart to enll [6, 1 ]

As drscusseal In sccIlon.l I 2. rn drstrrbuted systems' an algonthm ls a collcctlon of \ub algo-

nthms (prolocols) runnln8 on dlfferent proccssors Thc hme thal ts tJken b) all sub alSonthms

r\ rhe tot,rl Irmc ofthe alSorrthm Formall).

Dcfinilron2.l..l(TrmeComPIexllyofD)shburcdAl-qofllhms)'Gt\ens'nkhronousuISortth]n

A-, thc total number of pulses SeneratPd bt A dtnng cr((ulton lron ntrul pro(essor to the l/]tt

ptocessor $ call.d ltme conPlext:- oflht &s!rhuted xlgo lhm [6 ]I

2.1.7 Spacc ComplexitY

ln scquentral al8orrthm\, lhe total spacc covercd by an algonthm rs cclled Space Complexrtl

In dlstrrbuted algoflthms, thc spacc romPlcxlty can bc dcfincd as'

D.finflion 2.1.5 (Spacc Complcxrty of Dlstnbulcd Nct*ork)' The total memoh- bttt covr'd

b) alKonthn A tn th? n?tt^'orL n lh. n\lrst casc ts called ,Po'? co'nPle\Ii 16 l I

2.1.E MessageComPlexity

I-cl T bc a trec rootcd al r, and wc wlsh to send a mcssagc Msg on rt E\actly onc mc\\Jge trrll

be sent on each edge thc tolal number of messagcs send by an alSonlhm on cach llnk rs callcd

messagc complc{lty If therc ffc /l Dodes then n - I me\sages are \enl In other words

Dcfinition 2.1.6 (Mcssage Complcxrt)). 'Thc messale Lomple\ \ ol d$tnbuted alsortthn A

tsthebtaln mberof1 ?ssag(bttstransitttledduttng.\?.uttonoJthealgorthnA[61

In Ihrs thcsrs, thc bastc lcngth of mcssage w,ll be O (/o8 n)

2.1.9 Communication ComPlexity

Dunng mc\srgc pd\srng dclays occur on edtcs rn a glvcn tlme due lo htghly trafll' l()ad and

qucucrl messagc We arc glven a wctghtcd gr.ph G = (y E,llr0 qhere y ts thc scI of nodcs and

E l\ the set of cdges and ./Irt ls a Posltlve werght a!\ocrated wlth each hnk A wclSht functlon

t|"5l E -+ Z+ rs assoclated wlth each edgc rs used to 6nd thc e\pected trme thal d message

wlll takc to scnd to thc dcsonatron [] l

Hat\anZ.h 7tN f BAS/MSC'/\]1
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Dafinition 2.1.7 (Communlcauon Complcxlty). TtoisnlttnB o message orer ot1 edBe e tt th'

\eqht of lhat .tlg^ refers to comnunrconon (o! The total Lotl ofthe nessoqe lhal t5 lenl

(htnB the e\ecuton of algonthm A. ts collcd communrcahon comPlerh of alSortlhm A

tr3.6. rl

2.1.10 ComplexityBounds

A bound on nn algonlhm rcfcrs to thc worst cese Usually, lhe rcsc.lrchcr used thc uppcr .rnd

Ioucr bounds on thc algonthms These bounds aPply Io each lnput ot thc alSonthm The uppcr

bound rcfers to a global bound Thls bound hold for cvery lnpul and cxecutron ofan algonlhm

For examplc rf \r'c say thal, lhc ume complcxtty of the algonthm A ls O (n /oB r,), thr\ mean

rhcltherccxrstaconst,rntc>0suchthatnme{A<cnIog(n)rndwhenwesrylhatthclower
bound ol algonthm A rs Q(rr) rt mcans that. therc exrst a constanl c > 0 such that (A) < .rl

t6, ll
Dcfinition 2.1.8 (Unrl Drsk Graph). Untt dISk gruph can be det< nbed u: th? ed{?l bet\?en

all nodes ha\\ng dtslan(ed at nost I [10]
Dcfinition 2.1.9 (Eucltdecn Graph). -axeqhted graph whete th? $?tqhtsofedgc rePrcrent

Eu(ldcan dt$dnces b?t$?e the adJacenl nodes m rhe plan [7]
Dcfinrtion 2.1.10 (Planar Craph\. - o eruph that un be drawn ur the pldn h'tthout ed+e, .ross'

ng (or.rossed edges number aft A) and lhe mrersectnn ts done onll on ts venrces ofA ll I I
Dafinition 2.l.ll (Dclaunay Tnangulatron). - A lrtanSulanon of S pomls Is a Delund)' lrun'
gulurcn. denoted b' Dcl (5) If the crrtumurtle of each of r rran|les does not contatn ant'

orher nodes t[S n tt t,tlotor A lnangle call..l lhe Deld llot lrtan\le ( ts ttrLuntttrtle ts

cnp\' of nodcs of S [6]
Definition 2.1.12 (Vertex lndu(ed Sub grdph). - A sub gruph H t\' E ) $ collel luLed \ttb

-qraph of C(VE) [ v t V and c r E anrl eur h r" hor rhe zdges * hose cn.ls arc \' [9 ]
Dcnnition 2.1.13 (Edgc lnduced Sub graph). IsagrlPh*hose\"ttttsthe?ndofc'[91
Dcfinition 2,l.t.l (Gabncl Craph). - tut dbl lu, r) be a dtsl * h o dnmerer lu, v) Then

Gabnel graph GC(S) ts a e,apl1 n whrch eds. lu, \,) $ present tI arul onl\ tf dbklu, t') (ontuns

no other potn,s ofS GG(S) r a planar graph !l l
Dcfinition 2.1.15 (G.lbncl Edges). /?I I/r,t an.dge then ur 6 (alled Cabazl edg( tf tlt <

) and tlrc dtsk that has ur as drumetea docs tlol contotn on\ md? frotn S l8l
D.finition 2.1.16 (K Local,ze Dcl.unay Tndngullnon) - A rrr.Ins/e V rvr rs /< k)Lalt.?.l De

Iaunq'tf the mtenor of d6k (u, \', t\') do?s not (onran anv node of S und all edget oJ rhc mangle

Y ut'tr hate a length lett thun I [8]
Dcfinition 2.1,17 (Locahzcd DclaDnay Tnanglel. - a k-tocalt.e,1 Delaton\ utanglc lot sonte

nteger L / I rs called l-oLalrcd Dclauno\ Tnanele [8]
Dafinition 2.1.1E fMrnrmum Spannlng Trec). - G^en a conncclcd. undrredzd graph G(l/,E)

, a Vannng lree of lwt Braph 6 a sub Broph that t! u lke utul Lonnccts dll the tertrces of

}\el,mtnm.\ rnd Det'nr('ons

H6\an Z.h 7U FB4,S/MSCS/SlJ
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th? |ruph A Mrnmun SPannnB Trce (MST) or mninum welSht's1n,ln/rS lrec ts d lre? that

connects all the yerhces oJ G (E, V) 4th I.!5 \\erytu l12l
Dcfinrtion 2.1.19 (Computatlonal Rounds). _ tn 1? $nchronL, s s\st?m lotol no oJ round\

ts constdetetl ds ltme measunttR unfil l(rmtnatton Thesc tolal thtnbcrs of lotnd! rekr lo lm(

.onplexi\ for the srnchronou, rystem For lhe a\lnchrotous ststem rounlt ton be derermuvd

bt propaganng xav'et aLros! the nerior| lllJ
Dcfinitiotr 2.1.20 (Locel Runnlng Ttme). determrrung glohul runnrng ttme oJ a netuorl ts

tt{Jtcuh Incot run 4ttmz ftfers to the comP atun oJ an alSo hn benLecn drfurznr rlasses

of (ompulers and $'c are requreil lhe totsl runnng ttme of each clu\\ ol conpule$ [ ] 1l

Dafrnition 21.21 (Clorc-ln-Dlst,mce) - the d6lance lh t t: ndr n'tth trunsmtlter antenlru

t)sl
Definition 2.1.22 (, - Notatron). .an be deined as, for large rl.e N. the ltllctton J (t1) be

posn^e[12] llathcmatrcalll,tlccanxrt.thtras,0<tglrt)11\n)<L1/n)Jorall ,t>n,,

D.finition 2.1,23 (O - N olatrcn). - ulso.ullcd blq oh, th$ notato,t ts sed Jor uPPer bound

2l Mathetrutrcoll\, n e L'an i'nte as, 0 < | ln) < rgln) for oll n/n.,
D.fi nition 2.1.2/ (!) - Notd:oon). - can be uscd for loi e r bound [ 1 2 ] Ma t h emat I cal b noho,t \

tt.0 3 tqln) ! .f\rt) lor ull n }n"
Dcfinition 2.1.25 (Bro adcasl), thc broadcsst Pro.e\t Is slarlmg fton the sour.e lode ru th?

nessaee $ k.pt m the tnP bt4Jer and then lransmtl to tls chtld nodet 16l

D.fi tioD 2.1.26 (Brcadth Frst Spanmng Tree). o tree T N BFS i th. length betveen the

root node and oth?r node v ts mtnrmun l6l
Dcfinition 2.1.27 (Cov.r). u (oll?cttun of clxsleruS= 91 .9r,

E) ts called a cover that constsl all vcrtrc?s oJ lhe graPh [6]

5,, ol thc groph G = ()

Hd \ \an 72 b 704- i BA\/M SCS/S I I



Chapter 3

Literature Review

3.1 Related Work

ln thrs chapter, we wtll dcscrlb€ thc prevlous hlcraturc liat rs rclatcd to our work Spccrhcally"

our*orlrsbasedonthetl8.34, 17. r-+, 13, 15 13.10.516. I97. 1lI

3.1.1 NCQA Algorilhm

Thc authors [l6] dclincd lhe modcl of thc pdper as, gtvcn aa undtrected graph G = (Y E) whcre

v rcfcrrcd to thc numbcr of nodes and E to thc numbcr of cdgcs Thc clustcr ua5 defincd cs the

subset of connccted nodes Thc nclShbor ol the CH w.rs the nodes lhat had 'r coDncclton wrth

rt Thc cuthor produccd the conccpt of stronB nodcs, weak nodes and bordel node ltnodc!

had more lhan Tfucc ncrghbors I c d.8(r ) > 3 then thls nodc ',\as srld to be the strong node Ii

a nodc h.rd equal to two nerghbors Ihen rl was wcak and a node qlth onc nclShbor nodc called

horder nodc For clustcr hcad sclccoon, thc pnonly grven to srong nodc Anolher concept ua\

thc drvrsron ofrangc ln zoncs, such as stront zonc. Inlermedlatc zonc and nsqucd zone Thc

firs1 two zoncs wcrc callcd lhc trustcd zonc whltc thc thlrd zonc had thc nclghbors whrch hcd no

lru\ted nerghbo^ Thc algorlthm was bascd on two parts, cluster heJd sclcctron md formrtlon

of clustcr head membcr's sel Clustcr hcad selcclron was bascd on thc u'crght of the nodc, hcrc

\rcrght mcan

B, -.Dr ltr + 5l'Rll, ' I'Bll t+ BLllr

*hcrc Dr rlas thc drstancc faclor, STn wa\ the stab lty factor.

factor and Br was thc rcmalnlng battery tlmd

rl I)

ll

/-/r wd\ the load balrnclng
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If thc *clghl $as grcater lhen selccl lt J\ a CH ln lhe second parl \trrt thc lonslrultr('n ot the

cluner set In \.!htch lhe author hnds Gc degrce of the nodc Thc strblllt) o[thc clusrcr me]D\

that thc node posrlron was not changcd dunng executron Load balancrng faclor was used to

mrnrmrzc thc numbcr of nodcs The author had calcutated lhc nodc drsscmtnalron dcgrec that

reflccts the relau\]c dcvtatron of thc numbcr of nelShbors \\t ha\c dclcrmlned lhrl cluslcr

overlrps arc hrgh rn lhls PaPer and nodc dcgrec nol chan8ed The ilSonlhm \Ias as lollo$

Algorithm 3.1.1: NCQA Algonthm

input : A Graph C = (v, E) ner8hborhood and dr(anLe

output: Scl of clu\ters

r€Cdo
Frnd thc nerghbor of I

.a/ (E)

Calculalc stab,lrly facror

dcB(!)

Frnd batlery mc

Cdlculalc r1,,

.nd
CIY 1 u.

Son Cll rn rncrcaslnt ordcr

whil. CIY l0 do

I

7

J

a

I2

l3

t,-CW,CHa-t,
Deletc r', and nerghbor of r'. from CW

.nd

3.1.2 Cluster Algorithm Based on Parameters

ln thrs paper IlTl the ruthor prcscnlcd ln elSonthm lor clustenD-q qhlch wrs ba\ed on node

dcgrec, remarnlng powcr le\cl, strtronary lcvel and remalnlng tlme b.ttcry Thc assumptlon oI

thrs papcr wrs that. the network topology was ttmc cvent, when a mcssage was broadcasl lhcn

erch nelShbor nodc rccclved lhe mcssagc from r llxcd radto trrnsmlsslon range and erch nodc

had fixed lD and know lhcrr litncss paramclcrs Thc ruthor told that there was sc!cn mcssaSc\

and lhe most rmponanl \ras r/r rn/o messagc In r/r,rn/o mcsr,rgc cnlh node do\\nc.r\l Lhc

address, htncss, iddrcss of CF, and node slalc Each node malnl ned the Informatton tabl€

whrch storc lhe lnformatlon rclaled lo the Paramctcr and lhe lntcmal lablc to \torcs lhe nclShbor

lnformatron Tablc updrttng wa\ bascd on the mcssagc e\ent Whon a mcssage $Js rcccr\ed

lhe tablc bccomcs updated In thrs papcr, lhc lrtency ls more (Js the cluslcrs conlrrn onl! thc

ncrghbor nodcs) and dlso the dcgrcc of thc nodes ls htth Cluster overlaPs rlso ocLur Thc

Scncral rdca ot thc algorrlhm was as follou

Ho\sar Z.h 7a FB4S/MSCYSIJ
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IE riffill:r, Cl,,stcr Altonthm on Parameters Based

rnput : e Crrptr C = tV E) ncrghborhood and drsldnce

I

output: Sel ofclustcrs

fore.ch r€Cdo

r1 alsc

and

if col (F) > na{(F)thcn

Gnd

il C e tt r h -nunDnt e d ) = A th.n

Bcan\< h-,lt In) - nery(t')

LallF)

Posl\ Llt -nor t t t t rul( d | ) ne 8l v )

rnd wart for ch-noatrrr ukd ftom netBlt')

Poil(ch -rtLe& d) + n.BO' )

Agarn compare

r.r cnd

Thc formuh for litness was as follow

F=Dr l1 r + Pnllr - I - I'llr - lJrll , ll2)

whcre ,t w,rs the numbcr of degree of thc nodc, Pri was the rccclvcd power lcvcl, ,5 - F !r'as

rhc stdlron,rry factor and B. was thc remalnlng baltery tlmc

3.1.3 K-hope Clustcr Algorithm

Chcnctalll8l dcscnbed c cluslcr based alSonlhm In whlch he (r..ltcd clu\lcr\ b\ lh' lo$c\t

ID ot the nodcs Thc basrc rdca was thal, sclect any node lor \taflrng the algonthm rnd lransmtt

thc mcssage.!ri8 lo k-hope ner8hbors The aulhor lakes lnlo acLount lhc dcgrceoflhc nodt\

Thr\ mean that rf a nodc has hrgh dcgrccs among k_hoPe ncrghbors, lhen select thr\ nodc as thc

clustcr head othcrt!rsc lf In casc of f l,c, chosc lhe mlnlmum ID nodc Thls alSofllhm reduccd

Lhc number of cluslcrs (1or k) bul not Sood whcn I ls onc As J rcsullant the broadc'rslrng oYcr_

hcad (communrcatron complext(y) bccomc low but thc nodc degrec or Ioad was nrll I problcm

Formally. thc algontlm can bc dcfined as follow

lhr\ot l'?b ?w lB\Y,\ISCS/SIl
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Algorittm.l.t.S: K-Hope Cluslcnng AlSon$m

input:nCraphC=lV,E) where V was scl of noJcs and E wls sel,r[ Irnk'

output: Set ofClusrcrs

t Postlnltrd)
t upcasl\nu1 tl,deg(v)

t fi nyLtl < r.L?(uls) dnd nt) dFq(t ) > I ?( -l( !J\1') lh.-n

broadcast (rry ?rl. ,7lc rrl)

6 clsc

ny-des\L) > rrLJrg(t ) thcn

broadcast (myrd. rni rd)

I

if

t, cnd

1.1.4 Routing with Guaranteed Delivery (RGD)

Bo\e et rl u9l wcre tlc fifiI who prcscntcd avcrnge-casc elficrent routrng algonthms wrth

guJrantced dellvery ln ad hoc wrrcless Nctworks In thc nrst algonthm, c\tracl a conncctcd

planar sub graph rn dr\tnbutcd manner The marn rdea uas, lntcrscct thc f nrl Craph qrlh

Grbrrcl Graph and the author showcd b) a lcmma thal lhe rcsultant \ub Sraph uas planar ln the

sccond algonthms. they prc\entcd thc rourng algoflthms, one \r'as Face I and thc othcr ua\ thc

(exlenrron of Face I ) Fdce 2 whlch was bcttcr rn pcrformance thrn Face - I IhcroutlnSua\
donc bv lamous Lefr-Hand rule

3.1.5 Cluster Algorithm Bas€d on Node performance

Thc authors [20] wcrc dcscnbcd an rlgonthms that \rcrc based on the pcrformrnle of the node

The pcrformance could be cvaluatcd through Resldual cner8y. frcc mcmol), proccssor spccd.

dlsk space and nodc densrty The formula was

,\otleprel=Revdualenerg)',!.b+Ireenrcmontb+protessotspeed\b+dttLspa(?\b+

whcrc D was a [erght and can bc found by thc classrlicat]on rdnk order ccntrord method Thc

marn algonthm same as OLSR protocol bul the sclcclron of (he clustcr hcad was drffcr€nt In

OI-SR prorocol. the nodes wcre drvrded rnto thrcc stctcs, stare 0 (not dccrdcd), statc l(clustcr

hedd) and statc 2 (mcmber.) fu(hcrmorc, eaLh nodc c,rlculare therr own pcrformance and send

rl to thc ncrghbors Thc algonthm wes rs follou

llotsa /rh 7U-t BA S/M 5(S/S I J
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Algorithm 3.1..1: Cluslcr Algonthm Based on Nodc pcrformance

t ii notupref < nodeperf lhcn
t m\'|lalz= Ltl
s rlsc

6 | m|srale= m nbdr

7 Cnd

3.1.6 Distribut€d Graph Algorithm (DGA)

In thls I2l I prpcr, thc problcm can bc drvrded rn two phasc Phase I crtracl thc connccted planar

sub graph from thc grrcn graph by (hc geomelrte routtng algonthm tn ed hot wtreless net''rorl

The problcm can be formulated rn the gcome!flc grrph as follo$\ Let N bc a 5el ol nodes

deploycd ln a ccnarn rcgron R. wrlh -\' = n Thc problcm wds to burld I planar Sraph G

= {tr', E) on N such that each nodc was conncclcd to rts clo\e\l nerShbor Formally lhe edgc

tu.t)(Li andonlyrlci(rr r)< I Whcrcdlu r )was lhe drstance betwecn nodc lI rnd rls

closest nerghbor v The author uscd lo c\lract r locahzcd Delaunay trlantle from l8raph C Jnd

remorlr olhcr cdges Phasc ll In thrs phese, the aulhor uscd facc roulrnt llgonlhm of Kranall\

et al I22l and Bose et rl [I9] for rouung on $c graph computed b] the rlSonlhm In phasc I

3.1.7 Optimal Distributed Algorithm for Minimum Weight Spanning Tree

Ao erbuch [2] I prcscnlcd drslnbulcd rlSoolhm5 for MST Two slagc\ \\.1\ u\ed In thl\ JlSonthm

Counung Sugc rn thrs stagc spannrng trcc can be found. anothcr purPosc ol lhrs stJgc w.r\ lo

ilnd thc lotal numbcr ot nodcs and a lccdcr can be \clcctcd rn lhc net*orl MSI StaSc (hc

rotal numbcr of nodcs can bc scnt to MST slatc lhal lunded rn the hrsl slage and uslng lhts

rnformrtron find mrnrmum wcrght.spannlnB trcc The mes\a8e and umc complcuty for both

stagcs r{crc O (v + V lo? (V)) 
^nd 

O (l') rcspcclrvcly The mrln purpose wr\ that, Thc small

tree *as not wartrng for brg trccs

3.1.E Hierarchical ClusteringAlgorithm

Bancrjee ct al [2.1] dcscnbcd a struclurc of hrcrarchlcal clusterrng Thcre was t\ro phascs of

thc algonlhm, 6rsl phasc bascd on BFS algonthm lo crcate a \pannrng lrcc rooled rl ,,, and

thc second phasc was bascd on lhc clustcr cr€atron proccdurc when ,t Bl_S lrcc lonncd thcn

pltgyback a mcssagc lo thc root lo slar the cluster creftlon prolcss Thc root rs rhc lowest rd

Hd\nm Z.h 7U fB4S,/MSCS/SIl



nodc ln thc tsraph The aulhor showcd rhal lwo !lustcr hcdd could be ncrghborr rn thc subgraph

Thc cluslcr crertron proccdure was as follow

tach node drscovcrcd thctr \ub trcc suc and adJzcency lnformatlon oi lhc chlldrcn ln th' lrcc

Thc pl8gyback mcssagc conlarns rnformatton rcleted lo sub trce slzc and tdjaccnc) Informatlon

The prggyback mcssagc st led from thc leaf nodcs lo the rool nodcs Whcn a node real"c that

my sub tree becomcs large than I thcD stop rnd male lhe clusler If thc numbcr of nodcs

becomes small th.rn k rn lhe sub trcc then the clustcr formed b) thc aleonlhm could bc onc

Mam.rlls cl al I15l prore that lhls alSonlhm producc\ clu\ters $rlh o!crlap\ h rs nolcd lhat lhc

nodc degrce ls sull not changed Wc rlso nolc lhat ln some clustcr thc hopc or drstancc bclwcen

rwo nodcr bccomc ldge

3.1.9 Distributed Cluster Algorithm

In thrs scclron. wc wrll show \omc alSonthms lhal $crc uscd for sparslty We wrll consrder

somc parameter\ \uch a5 nerShborhood rclatron bel\ ecn clu\ter\ and lhe outgorng cd8es ln the

ncxt scctron, \rc prcsenl r !lusterrng algorrthm BhlLh \!as bascd on I26l

The arm of clusrcr algonthm wd\ 10 drvrdc lhc Sraph rn(o sub gr.rph A pnn'tron S {Sr S,

S,i was a collcctron of drsjornt clustcrs , c S a S =0whcre S, .5' € S Duc lo drsjornl

clustcrs, there wJs no overlap bctwceD cluslcrs lnformally. lhe altonlhm strrls frcm Brven

sourcc nodc and constructs clusrcrs Lyer b) hycr ln lrycflng proredurc. each nodc would bc

the pan of somc cluster Thc parent nodes ln algorrtim 3 I l0 *ould bc thc ledcr node \rhrch

was formcd the cluslcrs the chrld nodes *ould first lind lt\ p.rrent dnd then thc prrcnl nodc

crealc the clustcr

CsLD Alsonttmiu utod antt tt .4c\ Bdhnctng Chapler -l I-rt.tulure Rc\rcs
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Algorithrn 3.1.5: Cluster AlSonthm

mput:Asetofclusters
oulpul: A sct of Covcrs

Sts0andp=0
\rlhilc V $ nol emptr- llo

end

ourput s

sclccl v € v
il I vt as parcnt or tool ahan

S< v

whrlcp < de.g(v) do

S - nerShtv)

cnd

S=s-US

I
3

6

3

II

t7

13

3.1.10 Distributed Sparse Cover Algorithm

In dlstrrbuted compuun8 sparsc nclthborhood lovcr was first rntroduled ln the paper f27l A

\pdrsrN can be aclucvcd b) lontrolhn8 thc dldmetcr dnd the o\eddpplng of thc cluster\ Il we

consldcr thc drameter of a covcr r In thc cover lhcn ovcrlapplng ol clustcrs bccomc more and

rf wc consrder the whole grdph/nctworl as onc co!cr thcn lhc dtdmclcr become uncon[ollcd

(as up to n where n was thc numbcr of nodcs) So the aufior bound lhc rnclghborhood clu\ter

drameter to O(r1.,8 r)) and cluslcr ovcrlapprng lo O(/o.g r) Thc ltme and spacc complexttl *as

O\n log n) The mdrn rdc. had bccn laken lrom []71 A cotcr S={Sr, Sr, S,) uas a

collectron of clusters I = { l?. ,). -/, ) Thc mrn rdea of the algonthm was. dr\ rdc

d gvcn graph G = (y, E) rn a connectcd subgraphs, callcd cluslcrs and comblnc \omc clustcrs

to form a covcr Thrs co\cr would con\r\t dll thc \cfllccs of lhe Sraph Somc problem rn\e\

ln co\crs such cs.,!hcn ncrghbor\ nodcs bclong\ to \cParatc cluslcrs (whlch causc rnformatron

cxchangc problcm) To solvc thrs problem. I 2 approach would be uscd Two baslc parameter\

\r'cre used for a eo\er for quahty cvalurtron, namcly. the slzc ol clu\ler\ and Levcl oflnter.lctlon

It thc slzc of thc clustcr was small thcn Il wls posslblc lha( (hc communl!rnon wrthtnS cluster

bccomc less r c mc\sagc complcxrty The radlus of lhc cluster dchnc the slzc Interactlon

lcvcl was dchncd by the dcgrcc of the node / cluster The alSorlthm wa\ bd\cd on thc ldca

of "Codrscnrng" r c repertcdly mcrgc the clustcrs to form a cover Here the nuthor dlscusscd

rwo algonlhms, namcly, covcr altor(hm rnd Max cover algonthm Mar covq algonthm male

!o\ers from the clusters and thc covcr algorrthms mdkc clusters Informally, lhe lover algonthm

\tan\ ftom the root clustcr and construct ln output Lluslcr Y llcratl\ely Thc root Lluslcr Y was

Eosdn Z.h 7A FB(S/MSC'/SI )
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cdlled kcmcl ol the cluster $al would be conslruLted ln ne\t lleratlon a ncq hler Z $ould

be consuucled around Y whlch hold thosc clustert uhlch were not the part of merScd cluster\

The merglng process was based on laycnng Thc cluster that wds burlt after Lhc rool ltould bc

consrdcrcd J\ ,t kcmel and 50 on Thc mcrSlng process would slop aftcr sparslt) condlron I e

Z 1nt'\ \ |

Formally, we can definc the cover algonthm rs follow'

Algorrthnr 3.1.6: Drstnbuted SParsc Cover AlSonthm

input : A graph G = (V E) Clustcr I and rnlcgcrK < 1

outpul: Cover Cluslcrs .9

r ReS
1 Set S to cmpt)

r Rcpert

r CUM, CM) e mcrge(R

s S-CM
r, R=R - CUM

r UNTIL R = 0

Thc ,rlgonthm (3 I 6) starung from assrgntng cluslcrs to 9l and lhe co\cr r? lo cmply In the

loop. thc mcrgc functron was callcd Thts functlon was uscd (o find clustcrs thrt lolncd rhc y

clustcrs and thc remalnlng clusters Aflcr findrng thc mcrged clusters. wc ddd thesc cluslcrs lo

co\cr the process tefinrnatcd \r'hcn lhcrc was no rcmalnlnS cluster no$. let formdll) dehne the

Procedurc,r?18?

Algorithm 3.1.7: Covcr Algonthm
inpul:A\etofClusters
oulput: A sct ofRemarnlng and Mcrgcd Clustcrs

sct CM cnd CUM to empry

RGp..t

Sclect J'€ ?/ ar,d scl Z to Y
Rcpcal

\crrto!
Scl Uy ., -il to Y

Z e {s $herc s € YandSr Y/cmpl}i
UntillZ<nr'^ Y

'lr + "?1 -!
CUM +- CUM . j!
CMLCMJ!
Until'Zl = 0

Ortpnt \CM, CUM\

2

rl

t2

1l
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FIgurc 3 t Covcr Algonthm E\lmPle

The clgonthm 3 I ? slcnrng from thc unProcesscd clu\tcrs U cqual lo -1 Somc clu\tcr of ,z

mcrgcd to another cluslcr Y tleratttely slarltng lrom root clustcr I e lhc root clu\ler retcrs kr

Y Jnd ln each rlcr.lron, somc clustcr of U merted qlth Y Y was also called lhe kcmcl The

!lusters from U \\'as lntcrscrlcd wrth Y and mcrBed ln a la)cred fashlon wllh Y uhllh produLe

ancwclustcrZ Forthenextla)cr,thcZclustcrwouldbcvrcwcdasancwkcmel The process

would contlnuc unul a sprrsrty condruon bccomes rue The resullant cluslcr Z then add lo CM

whrlc Z conun the kcmcl cluslcrs './ contatn thosc cluslcrs whtch were not thc Pan ot the

kcrncl and addcd lo CUM

TimG end Specc Compl.xity

Thcorem 3.1.1. Th. alqonthn I I 7.onslruct a

I Coots?,tng Co\?r CM .tluLh Loocens CUM a d

2 Thcre vat no comtnon rcrt?\ betb'e?n kernelt t e Y - J' = 0 md

J CUM< Y?t-t t h'ltere

Prool l'lhrswasclearlromthcbegrnnrnSoflhcalgorrlhm3l?thctthcrnPutw.tscon'
nccted cluslcrs so c]rh !lusler Y rddcd lo CM !r.rs !lu5ter\

2 Lct supposc for l conrradtclton thal lr e ya y' thcn v bclongr to Y and ) by dcfinr_

lron Thrs sltuauon causc a conlradrctron, bccausc of l a '/ I emplt condrtron ln thc

al8onrhm ! must be rn Y nol ln ncxl Lcrncl by clmlnatrng from Z In last slcps oi the

altonrhm

3 As wc can sce from thc tcrmlnatron condruon of thc rnlcmal loop thal I Z < rr I

Y* ? =xz ,<\j ytL= |ltt cL'M = cl.t'u 2 ',? t t'

3.1.11 Adaptive Clustering for Mobile Wireless Network

L,n and Oerla l28l prc\cntcd an alSonthm whrch was bascd on lo\\csl ID of nodcs Informally.

prck thc nodcs rhat have lhe lowest ID, mark thrs node ,1\ lhe hrst cluslcr and broadca\t lhe

(luslcr ID to ncrthbors Thc ncrghbor nodes would chcck $err lD wrth the recelvcd cluslcr lD,

rf the nodc ID was grcater lhan thc rcccl\ed clusler ld then mcrtcd In thc cluster olherw lsc makc

Ilttsan tub 7u l B l,!/M SL t/s l -r
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your own cluster Each nodc brotdclst fic clustcr messrgc bcforc halltng The problem of thls

algonthm ls the ma,omum numbcr of cluslcrs and degrces Formally' thc Drst burcd Cluster

dlgonthm was dl follow,

Itgorittrm :.1.S: naaplrte Cluslcnng Algorrthm

input : A Graph C = (V E) whcrc V was sct of nodcs and E was set ol hnks

output: A scl of Clustcrs

r iI my-t,1vat smallest m the netghbors ahan

r broadc.rrt (rrrq rd. rrr, -rl)

ro I removc my rd from the llst

{ Gnd

s on rcccrrrng (ary rcl, nrr-rd)

7 check wlth own ld

s il tu )d *a! emPt! or ntu td > rc )d thcn

r alsc

u I repcat thc 6rst procedure

,r cnd

Examplc of Adaptiv. Clust.ring Algorithm

Thc cxamplc of thc algonthm 3 I 8 ls as folloq

., j' 1, r.. .,5
J r' 'i .rorir t,,
tl. ro lrj'5t''o

Lo'
Frgurc 3 2 Nctwork

.i ^'' ,. i .1! ,.. .,j
{._.. ,1.r. + tr: _.,,
a. ,o a,j' lj . i ...

aa

Flgurc 3 3 Clustcrs
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3.1.12 Broadcast

In floodrng, we rcscnd muluplc coplcs of r Prcket ulth hopc that at lersl onc copy of me\'J!c

would re.rch the dcstlnahon but thls cJuse\ J maxlmum Ioad on thc nctwork Broadcashng was

uscd for onc-way communlcrtlon from thc parent node to all lts chlld nodc\ In broadcasung'

each node would scnd a mcssagc/Packet cxactly one tlmc In thl\ \ectlon we wlll drscuss \omc

dgonthms that arc hclpful for our work

3.1.12.1 Distributcd Broedcast Algoriahm

Awcrbuch J26l also prcscntcd d drstnbutcd algonthm. He comblned lwo dlgonthms one o[

whrch have loll Imc complcxlty but communlcatlon comple\lt) was htBh and the second onc

ha\ Iow communrcalton complcxlty but hmc complcxlly \^as h18h Awcrbuch tD to malc such

alSoflthm thal was hnc m both llmc as wcll ls ln commuDrcauon lomPlexll] A nodc *as safc

rfeach messagc wts scnl and rccervcd at that pulsc m whlch rt scnd lnformal dcscnpuon of

lhe hrst algonthm was es, through acknowlcdgment, e,rch nodc dctects lh,lI lt \'{ as sdfe 'rnd

reporr thrs to rls nclShbors and whcn the root node determrncd that lt all Chlld was safc thcn

rt generatcs the next pulse The communlcatlon complexlty was O( l-l) : Ol1 t''2I) and the

trme complcxtty uas O(l) DcscnP[on oI the \ccond algonthm wa\ ils. al rnltlaltTdtron phasc'

a leadcr s can be choscn and the sPannlnS lrcc would bc lonstruclcd rootcd Jt r., Flrst the

leader would try to understand lhal rll thc nodes wcrc safc ln the !u cnt pulsc aDd broldcast

lhc messdge that thc lcadcr ma) Scncratc a ncw pulse Now whcn a node bccomcs safe thcn It

\cnds ,r mess,tge to anccslors that hc wa\ s.r[c (l e convcrgecdst) Thc mcisJBc comple\lty $as

O( l'J)indthcumccomplexrtywasO(l y ) Notc that the trme wds proporllonal to thc herght

ol trce whrch may bccomc tr' -l rn thc worst casc The proposcd lllgorlthm was as follow ln

thc rnrtr.th/atlon phasc, thc wholc network can bc dl\lded lnto clustcrs Tha lrce ln onc clustcr

$,ts called mtraclusler trce The conrmuntc.llon bct$ccn clustcrs uould be donc on one llnk

rhal was the mrnrmum wcrSht llnk A lcadcr would be choscn rnsrdc cach Llusler and thrs lcdd€r

would bc rcsPonsrblc for oPelatroD bctucen lntracluster trces

3.1.12.2 Dist but.d Broadcast Algonthm 2

Atula and welch [5] also prcsented a dr\tnbutcd broadcasl algonthm In whlch each nodc reccrve

M.rg at mosl D trme 'Ihc maln assumptlon was lhat, thc network toPology woutd be fixcd and

thc mcssagc cxchangc bclwecn nodes musl bc constanr The rde: was that, whcn cach chtld

nodc recervc the message Mrg , lt scnds to thc ne\l n.lShbor (!hrld) nodcs e\cept the \endcr

nodc A srngle blt was used to checl whcrc lhc node sdtr lhr\ mcs\agc or not, Ifyc\ thcn

lermrndte lhc alSonthm Forma)ly lhe broadcast algonthm w.r\ rs follow

Chapte.3 LnerahrrcRev'e\
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Algorithm 3.1.9: BrorJcasllnts

oulput: A sPannlng lrce roolcd at 7,

tl I om th? root lh.n

alsc

.nd

I

5

I2

I3

52.n-Messagc e Tlruc

forward message Mi8 lo all Ncrghbor

I tn th. non-tuot lhan

Sccn-mcssagce trlsc

Rccerve thc mcssa8c Mrg

i secn-messaBe ? fals.lhcn
seen-mcssage e truc

send mcssagc M18 to all other nodcs

cnd

end

Corrcctncss

Thaoram3.l.2(Corrcclncssof3l9). Eathnoderouldretet\?qtnost I' D1e\\(t3?\ olk'.lt
, otl D ttne from t lyhcrc E \ds Ih. !!t of edqes and D wa! Ihe dtdntetcr of Ih? n(nto/L

Pruol Talc the Iirst pafl of thc thcorcm The rool nodc would scnd thc mcssagc to all rts

connccted edges and the chtld nodc would scnd thc messagc to Ils chrld erccpt parcnt node So

rhrs sccnmo lerd us lo tlc potnl that thc mcssage would travel ecross all thc €dgcs of $e grJph

once If a nodc r\ nol rccclvcd thc mcssrgc lhcn ll mean\ thal thrs w.rs nol lhc ncrghbor of any

nodc Now Icl proof lhe ne\t pan of lhe lhcorcm by rnducuon

I Basrs lf thcrc was no nelShbor of lhe root I c dt (toot v) = 0 Thcn root trould reLcr\c

thc messagc at trme 0 Thcrcfore thc 6rs( slcp sr\ Lruc

2 lnducll\c slcp for lnducllvc stcp let d (root t)=k whcre k >0 slncedr\lf 0 \rhrch

means lhdl thcre c\lst lhe nerghbor of I I e lr so,

. dtsltoot, \ )=l

. d$t(root, u)=k- I 
^nd

. d$4rool, \')=(k-l)+l = * Hence thc prooi

!

Thc messagc complcxrly of 3 I 9 algorrthm l,lrs E and thc lrmc comple\lty !'vas D as drs-

cu\\edrn3l2lheorcm

Hd\nn Z.b 7U-l SAS/MSCS/S I J
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3.1.13 Broadcasting on Prcexisting Tree and Non'existing Tree

Thc broadcast atgortlhm Problem can bc dlvrded Into t$o cateSonc5 namcly broddcastlng on

elrslrng trce and wtthout e\lsong tree [5] wc only dlscuss broadcast wllhout exl5lrng trce Thls

algonthm was also bascd on floodlnB technrque Threc vanablcs tn\ol\ed ln dlrs alSonlhm

. parent // Broadcasung from root

. chlld // Broadcaslrng from lcatihlldrcn

. alreJdy // l am alrcady somconc's chrld

Informally Atlrya rnd wclch [5]dcscnbed the Boodlng rlSorlthm a follow. cech nodc matntaln

lhclr own proccssor and local mcmory Thc computallonal proccs\ \ras samc as dtsrusscd ln

secron (4 I 2) Each nodc contatns Inbry' and outbuJ fot cach ch.rnncl addrtronJlly !rrlh 
'r

parcnl, chrldrcn and ollr.r vtnablcs The roo! nodc \rould be set lo Prrcnt p, nodc and dell\cr

the mc\sagc Mi8 to the chrldrcn 1r, nodes Ifa r, node rccclved the messagc Mi8 for lhc hrsl trme

from /,, node lhen rr would sct thc Parcnt lrnable to pr .nd $e mcssate would bc forwrrdcd to

ne\l nerShbor nodc Afrcr amvlng r messagc from other nodc p1 , rfp, nodc rcccrved alrcady l
mcssagc from 1! and p, sclcct thc pJ nodc as parcnt then rt would scnd a mcssagc irlrcad\ to l/
lhat I ha\c alrcrdy sclcctcd a p,rcnt Posslbly, a nodc can recc,!e morc message\ from \cYeral

nodes. then rt would select thctr parcnt arbltranly among thcm Somc vanablcr wcrc u\cd rn thc

JlBoflthm such a\ (rrrsr, parent, chtl(t, m\Par.nt and temtnte lhe alSonthm was rr lollos

lnttzlly othcr. porcnr tnd cirld vanables *as cmpty,

Chrpr.r 3 LrIrrJrur. Rc\rcs
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tnad otul tik \ Boldn.t

Als.-;CmLtJ0, Broadcaslrng on srthout cusung trec

,-.put , a O+n C -- rV. E) srth a dr\trngur\h rout nodc /,,

tlerr p,rrcntoutput: A BFS trce rooted at r" rnd cach node havc

r At the root p, nodc

1 tI outb f t\ empt\ th.n

' I not,*t,""
l clsc

il Outbuf. r delrrer + rlbul
r cnd

r At chrld node lhc mcssage deltvcled from pr nodc

eifpaT€nt*0thcn

P.,rl/,4cl) to /)] as parcnl

Compute(t)

,t |nbul t to truLt +outbtl)
dehver(/,J. mrg)

ri Outbut x LhltLcr -: rnbu!,,,

ll

t1

ll

Ir

l5

t6 alsa

i I Scnd nlpar.nt to pl

r. and

re On rcccrvrng A.r( from ehlld I,
t chtld l) p,

r il chtldrenl)othcr conraur all neBhhors et(ePt pdftnI Nlle lhcn

"lna,
r.r cnd

:l On rccclvrng m)Iraznr from nodc p,

z6 il ch dr.n U othcr contam ,,ll n.tehbors erc.Pt por.nt node lhan

,, I t,r,
,r end

Frgurc 3.1 rs an c\amplc of (he 3 l l0 algorllhm lnlhrse\rmple lhcrcdedScsshor lhatthrs

rs not lhc cdgc of the rcsultanl lrcc Whllc lhc black hne shows thrt thc cdgcs arc lhc pan of the

Lcmma J.1.3. Th. aleorth,n J I l0 Producc a BFS trec rotted ar P.

Thc author showcd by rnductron of I that thc rcsultanl trce o[ algonihm 3 ] l0 l\as a BFs trce

Besrs

Slncc all vanables rrc cmply and lhc mcssagc ts In translt mode from Pr.nd there Is no node ln

ltu\\trt 12h 7u f8,ls/M\CS/SIl
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thls posrtron

lnducliva stcp

Lct rhr\ rs lrue lor r - I = I Dunntroundr_ I, Lct / bc a node that recellc lhc messate Mr.g

lromlhcp.rentnodc/aldlstanccl_2 Thcnodc/rcccl\cdthcmcssagerflerdlstrnce/_l The

node firt reccrvcd thc mcssage dt dlstarcc I - 2 no! chlnged lts Parcnt poslllon nelther dcllvcred

r messagc rnd elcry nodc at dlslancc I _ I changed hls Parcnl a\ $ell as dehler thc messrge

Thus, we can sav thal cach nodc connccls only thosc nodc whlch ls al dl\tJncc I I e nclghboA

Thrs Icmma \hows thal the mcs\atc complc\lt) rs O(M13) and nmc complc\rl\ r\ O(r)\

J.l.l3.l Distribut.d Mulu-Ntcss.ge Broadc.stirlg

Yu et al []91 proposcd a r.ndomlzcd algonthm for bro.dLasllnt, In whrch hc used r thrcshold

(/r 1()B n) probabrlrly Ior ttme slols lo \end a mcss.rge to thc nc\t nodc Inform.rll) lhc ,rlgorrthm

works on domrnatrng sct and slarl from any lcadcr randomly Thc lcadcr propagatc5lhe mcssagc

and thc non.lcader hcar from thc parcnt Ifalcadcrrecclvcdthcmcssrgcforlhenrsttrmctrom

anothcr Icader thcn dclctc the mcssagc from thc qucuc altcr scndlng Formall' wc eaD dcscnbe

rhc algonthm as follow.

C\LD Alro hd lot L'ad otul Lak nL \ aotdtu tn 8 Chrpr.r I L,kiJIu^ Rr!,<*
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Algorithm 3,1,11: Randomrzc Broadcasl AlBorlthm

input:ADomrnahn8Set
output: Propagauon of rnformallon

if M:g + enpt\ thc\
tor p log n ttne-slors llo

l

5

t0

r1

t1

deqeu * Msg

Pott - ne tt lLal(r

elsa

I Lrstcn from other nodcs

end

Upon G?(Msg)

it Ce\Mrg) ahcn

and

Buffcr thc mcssagc M.rg and

Pdl14ss)

3.1.14 ConYergecast

Thc con\ergecast algonthm was u\cd tor I\\o 
"\ay 

lommunlcatron lrom chlld nodes to the pdr'

cnt nodc The maln purPose was to collect lnlormatton throuBhout thc nctuork fhe proccss o[

convergecasl was done m opposltc manncr of thc broadcast

3.1.14.1 Distribul.d Convcrgccast Algorithm

Pcleg€ [6] defincd the convcrge cost process ln the followlng words The rlSorlthm starl\ from

thc lcaYc nodes and scnd the lnpul\ lo lt\ ancestor\ nodcs rccur\lYeh Formal de\Lnptlon ol Lhc

conver8ecasl nlgonLhm wa\ a\ [ollou.

I h\\m 7.h 7U-FBAS/MSCS/Sl l
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Algorithm 3.1.12: Drshbutcd Convergccasl Algonthm

input : A trec

output: Collcctlon o[ lnformatlon

tl Ptd = l,rof ahcn

Scnd rnput to pcrenl node

and

on reccrvlng messatc Ack and lnput J from lcaf node Buffer = ( J, AcI)

ilbdJer/0ther.
v e1(buffer.lnpul)
il I an the root lhcn

] n.tu-,
elsa

I Send r to parcnts

and

l

{

I

rr tnd

Thcor.m 3.1..1 (Conectness cnd Comple\lly ol 3 I 12t. rhe net:age conplevn of the ) l 12

algonlhm ts O(n-1) an.l thc ttme complertl\ ts D

Prory' The proof rs samc as theotcm 3 I 2 but lhc onl, dlllerencc l5 thrt. the mcssiges \end b)

lerfnodesarconlyn-l Whcrenrsthcnumbcrofnodesofthenctwork !

3.t,14.2 Rendomizc Convcrgecast Algonthm

Kcsrclman and Kowalskl [30] prcscnlcd d rdndomrze dtslnbuted convergecasl algonthm Thc

basrc rdcaof thc algonthm wcs thal, rnlt)ally all nodes uar acttvc and lhen slarllng thc al8onthm

to collcct data The collectron of data was based on rounds at onc t,me step A ransmlsslon

ranSe of an acllve node can bc defined as, the (loscst drstrncc betl*ccn nodes So sct thc lran\

mrssron raagc and transrrul lhe data 1() thc ncrShbor at one ume slep and then thc nodc become

lnactrvc At lrst, when onc actlvc nodc remarn\ thcn the algonthm bccomc hrlt Formally lhe

dlslnbulcd convergccast rlgonthm can bc dcnnc as.

Ilate t 72b 7A FBAS/MSaS/SI l
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Agorittrm 3.l.ls: nandomlzc Convcrgccdsl AlSo thm

fiFrt-A-ffiph G =lV E) -"hc..l/ N *t ot nodcs and E r\ sct ol hnls

output: Collcctron of datr from all nodcs

r if fl\ rr.rl. It l]./rYe thcn

Ior tuund t, \tart do

Tran(R) = ntn dt\tltt. v)

if PoslMsB) \tthout an) Lollttlon lhcn

| 7l u tnotk = aLt|'e

elsc

cnd

mergc the recctvcd dala wlth self

ro cnd

3,1.15 Downcast

ln downcast. each root has drstrnct ltcms / = 4t, rL, , 4,. whlch \*as de\tlned In a sPeclllc

nodc rn thc tree The ttem may bc a numbcr or mcssdge [6] Thc algorllhm for downcasl wrs a\

tollo\r.

Algorithm 3.1.1,1: Downcast

input : A trec wtth root node I.,

output: DowncdstrnB of drstrnct mcsslScs

r ifrl./rur r\ ft)or thcn

l I Send the mcrsagc to lhc subtrec rootcd al w onc by onc on cdgc (70 t,v) rn order

r elsc

5

ll

il st,tus = mttrmednte thcll

rccelve at most one mcssage at each stcP

rl slatus = dasttnatbn lhan

don

clse

I Send to ncxt node u

cnd

cnd

d

Lcnrma 3.1.5. elgorrrhm 3 I 11 late tme O (Msg + ttePt (T)) on M!8 Lltstm(\ lne\\u(P\ d11h?

P,ool ln erch stcp the root r,, propagatc at lcasl one mcssrge So lt \rlll taLe tlmc Mr8 'rYhcn

tlt^nt /2h 7A-F845/M5CS/51 I
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thc mcssdgc ate ncvcr delaycd, lt ploof the lemma as mcssage slan trom I , and lea\e at tlme

I The mc\sagc reach to tts deslrnatlon after Mr 3 + d?Pl lT) n

3.1.16 Upcast

In upcist, slnce each rool has dlstlnct rtems 1= ,1. 4r, 4,. r\hlch \\'r\ deslrncd ln one or

morc node of the trce Each ltcm of the nodc would be scnt to prrcnt nodc lndlvldurlh Thc

ltcm\ mJy be ranked, ordcrcd and unordered lhe goJI was to collect lnlormatlon on rhe root

nodc

Rrnkcd itcms - dll rtems arc lakcn from nn ordcred sct and ElYen rlrnl to c'Lch ltcm Thc

upLastrng was done ln follo\r lng manner I6l

Algorithm 3.1.15: Ranked Items

iiiil J,A t."" root d a r, wrth drsunct data rrcms

output: Upcrstlng rankcd llcms

r At first round

2 il The tth lt, I, ) ttem $ stoted m local node lhan

r ] forward to parcnr norle

r €nd

Ordcrcd llcms In rhls (asc lhc rtcms hJs bcen talcn from orde'cd \ct bul not rdnl'd Thrs

typc o[ ltem5 uscd for compartson The upc'rsung was donc ln the followlng manncr'

Algo thm 3.1.16: Ordered ltems

iipu-t : A tree rootcd a r. \^1th dlsonct dala ltems

te output: Upcaslrng thc smallest ltem

-\O , On each round

T t f I (tnt the smollelt ttemthcn

F l forward to P.trcnt node

,r and

Unordarcd itams the llcms \ as takcn from thc unordered set No comPanson can male bu1

only for lD r e onl) scnd lD\ ofthc nodc lo the Parcnt [6]

Algorilhm 3,1.1?: Unordcrcd ltcms

inpua : A trec rootcd I r., wlth drstlnct dala ltems

output: Forward local storcd ltem to Parent

r On cach round

, Forward the llcm to pJrent lf not upcasl

Ha$an Zzb 7U EB4S/MSC5/51)
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3.1.17 Tlee Construction

A vaiery of algorlthm5 lnlroduced by \anou\ rcscarLh.r Ior conslructlon ol lrec\ \u!h a\ BFS'

DFS and Drstnbuled Shonc5l P.rth

3.1.r?.1 BFS

To construcr a BFS trec, Thcrc are two lypcs ofdlslDbutcd BFS lree construcllon onclsDrJkslra

and thc olher rs Bellmon-ford Lcl wc exrmlnc fic DUksra The drshbulcd DUksur algonthm

construct the BFs rree 4, rn layer by Laycr manncr from thc rool node to nerghbor nodc\ ln

cJch pulsc Al cach Lyer. thc parcnt nodc adds the ncrghbor nodcs thal l\ nol ln lhe tree )el

Informally wc c.rn dcscnbe thc dl\tnbulcd DI,k\tra algorrthm r\ follo\\ I6l

Algorithm 3.l.lt: Tree Construclrcrn

input : A Craph C = (V E) wrth a drstrngutsh root nodc i,,

oulput: A laycrcd BFS lrce rooted at r,

bLotlMsB) ) n?Bl|)

On chrld nodc

Getl M!8)= true

fi parent (i)=Alhcn
parcnl (w)-\

LolleLt(ALk) e netB(r)

stan nexl pulsc

clsc

I Posr(Ack)

end

Chapr.r I LrtLrJtue R.\r!q

,

z

.l

l0

II

l1

l.l

3.1 l7.l.l Anelysis of BFS

Timc Compleylly Let analyzc lhc lrmc and mcssagc complexl() of the abo\c algonlhm

broadcast and convcrgeca\t process would lakc 2D ltme -fhe 
do\r'ncast and uPcasl (hnd

nerghbors) would lakc 2 addrtronrl trmc unrts, Thc total ttmc ts trme(phasc P) = 2p+l

forl<p<dram(C).lhcn

The

HttwrI Lh 7l|1 lB\9,V5C\/\11
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Ip hmc(phasc p) = X,, 2p + 2 = O(dr.mr(C))

Mcssegc Complcxity Thcre arc P ltcratron and lhe lotal messaScs on cach rtcratron l\ O(n) Lct

p > 0 and l,;, Er bc the se! of \ertrces and edgcs rePelrtrlel) ol lhs sub graph C( I i,) rn a layer P

Lct fp be thc lntemal cdgcs of ip, dnd lcl ,r r. r bc the cdges conncctnS lr lo lr,+r At phasc

p. cxploratron messages rrc sent only over Lpand\pp,t and tbc edgc\ of -ll, Jr! trd\ersed

twlcc, gr! rng mcssagc(phase p) = O(n) + O( E/, ) + O( t-/' lr - 1 )

for I <l, < dram(G), thcn

J, messAge(phase p) = te O(n) + O( rrl)+O( 6,,p+r)=O(n*dram(C)+l,/])[61

3.1.17.2 Distribul.dDFS

Thrs algo thm wa\ Lommonly used for explorauon of a graph 13l, 6l Basrc ldca of BFS was

stan from root I0 and scnd d mcssagc to thc ne,Shbors ]f the lhlld \\'rs !rsrted b) anolher nodc

then reum to pdrent othcrwrsc vlsll ltand proces\ed tunher If \ e \l\lt i nodc that halc no

any p.fent thcn donc ln dl\tnbut.d vcrston, n lokcn was u\cd 1() tra\crse thc SriPh In dcplh hrst

rndnn(r lnfnrm.rll). lcl 'i\Jmrn( lhc DDI-S.

AE .ti It-19: D".t.buted Dcpth Flrst Search AlEorrlhm

fip-A c.uph G = (v,E) 
"'rth 

a drslrngursh root nodc r"u

output: A DFS lrcc rooted at r, and each node have thelr parcnl

St.ut the token from a pdrent nodc ro

when thc tolen rrrlvcd at chtld node

fi \tun6 = uNtltled lhan

Erplorc lhem,

lsa

Co brck lo parenl 7u.

.nd
par€rl(l ) = NULL. lhcn wc ternlnarc slncc v = ''rr,

3.1.1?.3 Drstribulcd Minimum W.ight Sp.nnmg Tice

Grllager and But et ,rl [32] had pre\ented algoflthms thil hurlt a drstnbulcd N'IST The mnrn

rdc.r was thrt cvcry node starl wrlh a slntle fragmenl and each nodc find the \hortcsl drslance

cdge Each frJgmcnt has a le\et Thc fragm'nl that has onc node uas al lc\cl 0 The lerel ot

fragmcnts u5cd for rhc combrnatlon of fragments If a fragment wis \rlshcd to connect wrth

anothcr fr{rgment thcn we have thc followlng cases If L = 1 !'rherc F wa\ fie fragmcnl of L

rnd l' = 2 where F' *,rs thc fragmcnt of L' thcn F would be mcrgcd rn F andthe next tcvel

Hurdn Z.h 7A t BAJ/MSCS/SI 3
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wrll bel.'+l If F and a' hrve lhc same shoncst dlstrnce edgc and L = I then thc frdgmcnl\

from a new lragment F" rl te\el l" and thc cdger sar called the Lorc edgc Thc nodc\ hr\c

rhrec statcs, the slccptnS, find and found states The \leeplng statc \\'as thc rnltlal tt'rle ol the

node. thc find was lhe statc whcn a fr,ttmcnt sc:rch lts mlnlmum oulSorng cdge nnd the lound

statc was the sla1c whcn the mlnlmum outgolnS cdge dunng conrergccast cach node upcart rts

mrnlmum uerShl of edge! lhrough an lntcrmcdlcte nodc and uhen thc conYergcca\l lerrnlnate

at rhe rcot nodc, lhc rool sclects fie tuPles wtth mtntmum wclght and thls was thc MWOGE

when a node was a!,Jokcn, lt find lts mtnrmum cdgc and marks tllls cdge as branch Then Il scnd

,l connccr message to dnorher fragmcnl through branch edge and thcn lt Socs to found statc The

algonthm takc a fragmenr and connecl $lth othcr fragment through the core edge The !telght

of rhc cd8c was the tdentlty of the fraSment and act i\ J rool of thc frrgmcnl trcc Nodcs lhJl

w.r\ adJaccnt to thc corc \cn( ln lnltlate messagc to bordcr\ On rrrlv'rl ol lnlllale messaSc thc

nodc, ilnd the mrntmum outEolng edgc Ths norle send r tesl messdge to all fic'dgc\ ll thc

cdges \r'cre samc then rt reJe!1. rf thc le\cl $as hlgh then nc(epl and I( thc lcYel \ rs low lhen

walt Evcry nodc scnd lhc rcpo( If no \mallcsl cdgcs found lhen the Jlgorrthm w'rs complctc

Mcssagc complexrty w as 0t E i I log\ ) and ume comPlexlty was il lirgl ) Thc problem was'

sm.rll trecs wart for btg lrces and thls was sohcd by [23]

3.l.lE Summary of Literature ReYicw

In thrs sccoon, \ c are gorng to presen( thc \ummaD of thc hleralure rcvrcw we hdve dls-

cusscdmchapteronethrtwewlllprcsentadlslnbuledalgonthm !lhr!h'*lll bcbrscdonl-o!dl

Prcseryrng Reprc\entatlon (LP Repre\entatlon sec seclron I I I l) Ihe Llu\tcr represenlrtlon

of I-P Rcprescntalron r\ our mlrn polnt of conccntra(c (se!t,on I I I l) ln chaPlcr lour \'"e

harc drscussed 5ome modcls that wrll bc used ln our Thcsls Thc compuldtron modcl _l I 2

prcscnts the communlcatlon Phcnomcna betwccn nodc\ A\ \r'e dltcussed rn chaprcr onc that

the communlcatron betwcen dls(rlbutcd s)stems donc Ihrough message\. the me\\Jge PJ\\lng

modcl (sccnoD 4 I 3) wlll be u\ed as co[lmunlcatlon model ln our thesls Sectlon 4 ] I I and

;l I 14 arc also rn\olvcd rn our problcm ln Lhapter Two. we have drstusscd \ome dcllnrllon!'

from wluch we have got some tdcas to undersland our problem ludmah ct al [25] prcscntcd a

clustenng llgorlthm whlch sol!es thc problem oflntraclustcr cs wrll J5lhe rnterclu\ter commu

nrcauon Thcy havc used thc BFS alSon$m !o 60d thc cluiLers and when thc trce consructcd

thcn sta( the uptJst proccdurc to burld rhc clu\tcrs Also communlc'ltlon bet\r'cen nodcs be

come lcss bul rn some cases, \r'c havc nolcd thrt lhe Intracluslcr comnrunlc'lllon bec(nne\ l'rl8e

ln other words. thc communlcatlon betwcen two nodes (or cluster radrus) bccomc IJrge ds we

can sec rn figure 6 3a Thc algorrthm of Arssa ct al [16]lsu\efullntcrmofanumberofclu\ters

of the network Il maxrmlre\ the numbcr of clustcrs o[ the graph But thcrc drc \ome problems

wlth lhr\ rlSonthm Thcradlusofthenctworkbccomelargcrndalsolherntrrclu\terasucllas

thc rnterclusto communrcatlon ha! bccome costly Thc cluslcr overlaps cannot bc \toppcd ln

Ha$anZ.b 7U-I B7S/ASC5/S ll
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rhr\ algonthm Chenetal IlE] prcscnted d llustcnng alSonthm rn \ahrlh the rommunrcalroD

bclwecn clustcr mrntnuzcd but sull lhcre ls lhc problcm of clusrcr o\erlaPs and dcgrcc of *rc

nodes not reduced The author used two technlques to llnd the cluster hexd, one r\ lowe\l lD'

inil lhe other ls m,iumum dc8rce Thl\alSorllhmlsSood$hcnkl\grc'rlcrlhrnthrcc{nhrrr!!r\r

our prescn(cd algonthm rs thc good solullon In papcrs 126. 271 prcsentcd clustcflng alSoflthms

ba\ed on k-hope layers Thc authors oflhesc pzPers consrdeEd the total numberol node\ and

comparc ll wrth the prevlous nodes lo lind a sparse stnrltured net$ork bul thc problcm ls hlth

communtcatlon complexlty Papcrs I29, 5 261 are bascd on hroadcd\t and con\er8ccd\tln8

whrch rrc rn\olvcd rn our lhcsts DBFS dnd DDFS rlgorrlhms l6, lllalso harc rnrohcd tn our

thcsrs

3.1.19 ProblemStatement

Wc havc delerm)ncd rn thc lttercturc lcvlew that man! papers are bascd on load balanclng

dnd other papcrs emphdsrze on latenc) balanclng but tt qe mlnrml/e lhe l(rad then lhe latcnlY

bccome maxtmum tnd rf \\c mtnlml/c the lalen!) thcn thc load bccomc ma\lmum \\'e nced lo

balance both load and lalency

In othcr words, \\e can denne our problem as

Crven a wel8hted nelwork Sraph N = (S a. /tr/) on thc 2_d)menstonal Eucltdean spacc uhcrc

S ls the sct of n scnsors. L rs the sct of communlcdtlon llnks among scnsors such that 5r tr

€ S. and c non-ncgatlvc wctght functlon dtsl E + Z* Our lhesls (problcm) l\ lo bu'ld

a drstnbutcd sparse slrucrurc fot cfnctent communlcatlon rn nel\\ork,ry ln J locallzed manner

on lhc dr\lrrbutcd compulalronal modcl (synchronous dnd asynchronou\) \u!h thal the resullrnl

nct$orl N r\ sPrr\c \ubnct*orL and b'rl'rn'cd rn !crnl\ (tl nct$orl l\i'ld 'rn'l rels or I lrt'rr'r

U\rn8 thc dssumphon\, we proposcd an ,llgorrthm thal \I Ill malc b,rlrn!cd the dbo!c m'ntroncd

two cnteflr Our algonthm $tll usc fic clustcrlng leLhnlque ln thc s)nLhronDu\ drslrrbutcd

cnvfonmcnt to balancc thc Ioad fnd latcncv for the wrrcles\ nclBorls

th^\anz.h 7u FBAS/MSCS/:I t



Chapter 4

Methodologies

4.1 Network Models

ln thl\ secuon $c wlll dlscuss thc modcl lhll

papcrs and books for thls sectlon rre lll, 12.5

4.1.1 Communication Model

wrll be used throu8houl lhc lhc\r\ Tht mdrn

l6'1,rl

Pornl lo polnl communrcatlon nct\rork wlll be rcprc\'ntcd J\ an undlrected SrJph c = (I' t)

wherey={r,r r, r', ) as e sct ol nodcs/proccssors and E = (. L I r r")asJ\et

of edges represenllng communtcatlon btdlrecllonal channcls conncctlnB thc nodcs Sometlmc I

non-ncgatrve wcrght functron drst I - Z'wtllbcassoclaledqlth$ecdte\e=(r{ r)eon

nectlngu,r nodes Erch nodc/procc\\or $rllhe rdcntrficd b1 Junrqu!tDP= {/ l'
qhrchlsonctoonemapprnglc/DltPThccommunrcallonphcnomenar\'1\tollou

thc !eflrces hayc porls equrl to lhe tolJl dcgree ol r cnrccs and cach edgc r\ Lonncetcd lo c\rcll\

oncponEdge(x.r)rsconnectcdlobolh\enlccsurlh(ll1'r'(rJ))prrr't\herel'r'-rltjttt
and t <J S r.lsq (rr) Ecch vcnex has lnput and oulpul buffcr lor stonng tn / out me\sage\ and

proccssors rcad from thelrs

4.1.2 ComputationalModel

Thc computrtron ls based on alSonthm follo$ed by protocols I c A={Ar A'] AJ A'}

and cach prolocol A, ls runnlnsoneJch rr proccs\or Each protocol A, conslsl set ofsutes a

\ct ofalphabcls dnd a tunLtlon \uch lh.rl A, = l\: Q, \ Q")

\l = (rnbui outbuf r c Mtg)

34
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a,=iQ^ Q)

d=, Q,\t,Q,

Q" = Inlllal statc

Therclsstatesct(O)foredgesandcachedgelsfromthcstate./,,,r'consrslt\iocomPonenls

lor drectrons, r - t atd u - v Lel Mrq denotc messdBc\ that are l(i be u\cd b1 thc proccrror

ln (he e\ecutlon ol th. alSonlhm Then I ' x ls an alcnlent of lrr.( (1 I ' rr = Vrq mark thnt

the message rs gotng from u !ov and !, I = 0 deootc lhat the channel Is.mpty A( the starung.

ill the proccsso6 are at the lnloal stdt and thc channel ls empty The dlstnbutlvc e\cLulton ol

algonthms ls bascd on cvenls The evcnls ma, bc a local comPutatlon or mc\sagc evcnt l\lore-

over, lwo cvents, local computallon (lnlemal oPcratlon t e ehangln6lot slates) rend (messaBc

send) or deL!cr (lhe mcssagc buffered ln the destlnatron rnput) arc uscJ In c!cnt\ I)t\trrbulcd

systcm consrst sequence of Lonfiguratlon whch sho\'Js the current slrte of the prolc\\or and

thc hnk Formdlly we can dehne $e conhguratron is lollo$. conllSuratlon consls{.r tuple a =

{,[, ,1. q, q,, hi.) 4t 4,,,] g, rs the pro'"csror locdl su(c and t/ r\ lhc edgc I r slJtc

Computatronolalgoflthmrsa sequcnceSq={C..41, C1.41, C, o3 ) oiconfiguranon

Here C, relers to thc conhgurailon \rlth lnltld conhguratton Co and 1,A refers to thc e\cnt At

firs Ie\cl. thc computatron ls occumng as [6]

r.t (Cr, a.) = C,*r

A(lyr dnd Welch I5l drsLusscd the compulallondl modcl.is, c.rLh nodc contarncd a dl\nngursh

channcl to thc parent node and a set of chlnnels lo the ncrghbors nodc As drscttsscd aborc.

each.]lSonthm has r \ub alSorllhm rn cach Proccssor for loc.rl compulJtlon such as \cndlng and

recet!lng mcssaScs and also each procc\sor consl\t a \et of \tates Q, Each statc oi proce\sor

contarns spccral components, tnbul 
^nd 

oulbuf for evcry edge labc)cd from I to de8(\') The

transrtron funchon takcs a valuc from lhc state ofP, and produccs a value as output Thls func_

tronalsocanProduceatmostoncmcssagclorcveqllnkbelwccnland/e8(\)andthlsme\sdgc

to bc sent to the olhcr node Thc conftguralron ls modelcd i\.r rcctor C= Jq, r/r I I

whcre q, ls a state of .p, (as thc changc In statc, lhange of taPe and change of hcad locatlon rn

Tunntmachrnc) Thc occurrencc ls modeled at an cvcnt Pos\lblythcrcarct\tolYpc\olcvcnt\-

computdlron elent comPulc(r) for tran\rtlon lunclron and dellYcry cvent dch!e(r l) ','8) for

mc\sngc dclr!cr)

ln thr\ sectron. wc \.! rll study thc comPutaltonrl model tiat arc dlrecll) or lndlrccd) rnLludc rn

ttusan Zch 7U- rB 
^Slu 
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4.1.3 Message Passing Model

ln mcs\agc passrng model. one prccessor \ends a mcssage to other Prccc\sors [o communlcJle

l,!lth cach othcr ovcr a communlcallon channel Thesc communllallon channcls arc bldlrec

!Ional (symmetnc) whrch lead us to topology Thls topology can lead us !o 'rn undlrccted Srlph

Thercfore. the proccssor\ refeficd to nodes and thcrc Is cn cdgc betwecn lwo nodes /, lherc rs 'r

commumcatron channel belwccn proccssors (nodes) For examPle on the Intemel we con\lder

routeA as nodes, thcy are communrctlrng wrth cach oihcr through lP Jddrc\s and lP prLkels

are used for exchangrn8 of data Slmply wc can say thrt, message passln-q model has a scl

of proccsscs havrng onl) local memoo, commumca!)n8 \!lth edch olher by \cndlnS/rccclvlng

messages and for scndrng of dnli bolh send/reccr!ed mu\l cooperillc qllh cn!h olh'r Illl
L)nch ull dcscrrbcd mcssagc Passrng modcl a\ a colleclron ol ProLes\ and crch proeesr has

\trles, whrch rs rclaled to a set Q, of stales nbt{ and ourbuf component arc uscd krr mcssage

ararlablc for senting and thc mcssagc rs rcady for outSolng talh process has a conllEuratron

(changc rn stalc) A configumtlon occurs when an evcnt elrst I e whcn a message dcJr''ered or a

new mcssage rs addcd to arlbd A mcs\age sendlnS rlgorlthm rn message passlng modcl ts as

follo\.r,

Algorilhm 4.1.1: Mcssatc Passrng AlSonthm

r On Cllcnl Computer
rdo
r llr e MrL
r Posl(MlB) ) Se^e,
s On Server Computcr
6 il Get(Mtll)lhcn
t I R,-Msg
. I Pa,l/l.k) - clrcnl
e .nd

4.1.4 SynchronousModel

Muhammrd [14] put lt, ln Oc synchronous modcl clocL was uscd for sendrng and rccerrlng a

mcssagc An rntemal clock was uscd for scndlng thc messasc bctwecn proccssors Thrs trme

was same for all proccrsors Lynch [13] lold lhat cach Procc5sor/node \cnd a mc\sagc at 'l trmc

I andon the other stdc each prcccssor could bc rcccl\cd thls message In l+l tlme I + 2 tlme\

would bc uscd for ncxt proccssor o send the message nnd so on rhc \rholc Procc\s runs )n

Iockstep

Ila\nnikb 7U LqAS/MSCS/SI l
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4.1.5 AsynchronousModel

In rhl\ modcl. thcre was no fi\cd tlme for thc nodcs to scnd Jnd rcccl\c mcs\a8cs \\t c'ln

say that rf therc rs no upper bound that how much trme a me5s.lge *lll takc to drnle on thc

rcce,vcr slde lhcn thrs l\called asynchronous A clear c\amPlc l\ emtll sen)ce There lre no

asrumptrons for clock (same clocl tlme for nll proces\or) Onll condltrons oI e\enl\ c'ln be

used for thc algorrthm to pcrform E g FIFO, FILO ct! tl'11 MrormDm restnLtlon by thc

amval of a ncw mcssagc or local computatlon cvcnt occurred Some o[ thc a\sumptlon\ ' c,

each process u'Ill take some hnlle comPutatron slcps rnd eJch me\sa8c wlll bc dcLrered ltnally

E\cry drstnbuted compuhng u\c lhe cllent tervcr modcl ln uhreh chents \cnd 'r Icquc\l lo thc

scrvcr and the scrvcr rcsponse to thc chenl

.1.1.6 PropagationModel

SlSnJls can be fansmrttcd by transmllter antcnna and lhcse slSnals Ldn be rceetr'cd b1 lecerver

antcnna Ths model rs r.:scful for path loss Drstr.:rbanccs tn rccctrtng a slSnall5 refencd loPath

loss Propag.rlron model can bc drvrdcd rnto t*o pans Onc l\ Sulrstrcal Modcl qhrch r\ hr\cd

on.rnalysrs of curvcs by mcasured dara eg OLumurd luodcl, Hdtd Model, and Lce [Iodel

Othcr rs a physrcal model, whtch ls balcd on ctcctromagnctlc rn",.., on,an l\ tnntqmcd \tth

rndoor propagatron model al\o cclled srtc-sPeclnc Modct [] 5l

4.1.7 Frce Space Propagation Model

lo free space propatatron modcl, observatlon of rccelvcd slgn.rl skength rs determlned *hen

thcre trc no drsturb,rn(es {l e rcflectlon, dlftracuon and scdtlcr) !-flls frec spaee equauon ts

used for frce space propagnDon modcl

P.t,lt -- Pf;!L*)' (.1 I)

Whcre f r5 thc lransmrtled po\rcr P.{d) ls thc rccclvcd powcr. G,r! thc trdnsmrtter garn pot\cr'

C, rs the recctvcr antcnna recerled Powcr d ls the T_R-scParrtlon drstance ln metcr, /- )s the

syslcm fnult (antenna Iosses dunng communlcalon) and l l! qavc lcngth ln mctcrs Galn powcr

rs bascd on apcrturc o[ thc antcnna [15],

Hds\an Z.h 7u FB45/M';C5/S1l
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Wherc .1. rs thc physrcal slze of thc anlennr

The cqurlron for paih loss rn frcc sPacc path loss !,!rth anlcnna galn powcr bccomc

pL (dB)=I0 Lo8 g=-tOtogS (41)

Morcoyer, when the cntenna garn po\\'er rs cxcluded thcn lhc cqu,r!ron be!omcs

PL (dB)=10 LoB + =-10 t-og ;$7 (14)

FnrsfrcespacccquatronrssDltablcfortopredlclthcvaluesolrcccl\rngpo\Icrl',1,1llor!]lues

ol .1 \'hcre r/ ls lhe tar 6eld of thc trxnsml(lng antenn,r Thc far ficld \r'hr(h rr rlso cirlled

Fraunlotcr rctron ls lhe faflhcst drstance Irom the antcnna Equalron for Fraunhofel rEgrcn r\

P,1,lr:* 142)

at: 4 (-15)

Whcrc D ls thc largcst drmensron ofdntenna [15] Frxslreespaeeequatlondocsnotholdl(,rd=

0 Large scale propagatron model ule close-rn_dlstance So the nc$ly rccct\ed power cquallon

P,(d\ - P,ld,,)t+Pd > t|"> dt (46)

Wherc do rs thc closc ln drstancc u5l

4,1.8 Outdoor Propagation Model

Dunng findrng thc pith loss onc lhrng \rll bc takln8 lnlo.rccount that the rlrcgulrr lind\

trect and burldrngs \*lll affecl thrs These lands may \lart from unbdanced land to hrgh moun

taLns M.iny rese.uchers proposcd dttcrenl propaSrtton modeh to predlcl Path loss Thc mAIn

conccntratc of thcsc rescarchers rs a partrcr.:lar loLal arca r c a seclor or rcglon such as Lon_

Ho\\on 7rh 7u FBAS/MSCS/SIJ
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glc, ncc model [33], whlch rs also clllcd rrcgular le[aln modcl Thls model l\ surl'lble lor

pornl-to-Polnt commurucatlon rn [rcgu].[ l]nd bet'.r'een 40 MHr to I00 GHz rangc Through

Seomerncal shapes. thc path loss can be detcrmlncd Okumura Modcl [311]\ sultrble lor the

frcqucncy rangc betwecn 150 MHz to 1920 GHz Thrs morlcl rs \rmPle and Sood lor palh lo\\

prcdrctrons [15] Hrta model 135] rs best rn 150 NlHz to 1500 NtH/ Prr]csh dnd Srngh llbl
rold thal HatJ ,rnd Okumura are bctler ln suhurban arca\ and the I onglc\ nce modcl ln ruril

4.1.9 Indore Propagation Model

Thrs modcl rs drffcrcnL from lradrlronal mob e radlo Chanel rn t!\o aspccts' small dlstancc

and small rang of TR-seprratlon dlstance PropaSallon mceh.lnr\m r\ \.rm. r\ Outdoor I c

reflcctron, drftraclron and scattcrcd To find the path loss. thc condlllon chlnge from outdoor

modcl rs weak srgnal slrentth due 1o butldtng malcrlal opcn/!'losed doors.lnd bulldln8 t\pc

clc Some models thatu\c rndr)or prop.rgrtron mod!l .rrc loll()slnB

4.1.9.1 Peth loss Modcl (in same Euclidcan Plinc)

ln the constructlon ot burldrng drffcrent typc of matcflal u\ed ln\\'hrchsome\l.rll\arcmrdch)

concretc and some madc through woods thrtdl!tde the walls lnto \mall prelcso[spacc\ l-hc

partrtron of walls rcfcrs to hcrd partrtron (Just ltkc concretc walls. whlch bccome thc pemlancnl

sttucture of the wall) and soll pa(ttron (thal can bc mo\c or not bccomc thc permanenl \truclurc

ofthe burldnt, c g \\oods etr) u5l

Tablc 4 I Average Slgnal Loss Mc.rsurcments Reporcd b) Vanou\ Rc\cdrchcr\ for R.rdro

Paths Obstructed by Common Bulldrng Male.rl

ri$ rruh on. nNr mJ un. wrll
F!. ob*n.'l *h! i trrn\n r.rrum.J
r nlhr r.!1. $mqr r . loftr'Jor

Ch.Ln hk r.n!!'l tr' &J 20 h h'Bh

\unrxn nEkr. 
'nr.nron 

Jnd ptoplc

vdJll'. hopF^ \hLh hul'l rzp

SBrllmdrl p!1.6 drm.rr
Vdrlpulhr $r.hu\.'l rDlDLr 

'n.ul'nrrnron 
r I

Gqn.tulmdh,n.6 l0 lo\qlL
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4.1.9.2 Partition Loss (Betwccn Euchd.an Pl.ncs)

The sructurc of the bulldrngs lloors may .lffect thc pafi bss bel*ecn floor\ due to drlfercnl

materrals, construLllon tyPe 3nd cxtcrncl structurc e\en oumur ol \{lndows and doors

Table 4 2 Average Srgnal Loss Measuremcnt\ Rcportcd by Varlous Researchers for Rrdro

Palhs Obstructed by Common Bu,ldtnS Matcrlrl

l? 1\

162

152

ll

4.1,10 Log Distance Path Loss Nlodel

As lhe drslancc rnlrea5ed, thc a!cragc rccct\ed sl8nal powcr from the lrJn\mrller anlcnnr dc

crease loganthmrcally rn bolh rndoor.lnd outdoor modcl\

PL(dB)=PL (d.) + 10n Loq\+) + \" 117)

Wlererl ls the path los\ elponent, dcpend on drfTerent en\ lronmenl luch as free space (ln \lhlch

/l = 2) ,lnd obslructlon present (n may bc largc) 1']I(d, ) )s thc path loss $ rl d, and Y, I\ a

v,rflrble wrrh normal dr{lnbulron rn dB

4.1.11 Unit Disk Graph Model

fhc modcl (hat rs us.d rn thrs papcr rs lhe Unrt DrsL Gr.rph model , e, lel / Il l) bc .t \cl ,, the

palr \\herc l/ ls the set o[ nodes and t ls lhe communrcatlon llnk Nloreo\er *lrcle\s ddhoc

network uscd a mutual transmlssron ftngc for all nodcs [f node l,/,r are ln thrs range thcn an

cdgc?rEc{r\tbet\cenrrandr Thc Mulual Tranrmtssron Range lead u\ lo thc dl'hnrlron ot

Unrt Drsk Giaph,lct G = ( tl E) bc a graph thcn rhrs graph rs callcd Unrt DIsk GraPh If an edgc

(r, r / e f prescnl ,n G where thc drstance bclwcen r t,1 I [21]

Has\an )'1b 7U-FBAS/,tlSC5/51 l
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4.1.12 Fresnel Zone Gcometry

Fresncl Zone Gcometrv can bc defincd d\ the radlus bclwcen trJnrmltler and rccctvcr

(.+ 8)

wherc /,, r\ thc radrus of the Fresncl Zone, /I ts rn tnleger. \ l\ wa\clcnglh ,/1 I' thc dtrt.Ln.e

from transmltter antenna and dr ls thc dr\lance from rccelved nntenna

4.1.13 Complexities of Algorithm

In \cquentral algorllhm\, the performancc ol the al8ofllhm (an bc c!alualed lhrough Itrnt' rnd

space complcxrty Whllc ln drstnbuled en\lroDmcnt the perlormdnLe e\aludtlon crllcrlJ bc-

come change

4.1.14 Other Models

Dlffcrent models can be sludrcd to check thc bchavror of dl\hbulcd rystems Somc modclr

dc,rl wrlh, fault tolerancc, dynamrc chdnges ln nelwork and studY,ng oaturc of lrme etc In thrs

thcsrs, we wll kccp sclf to the modcl\ thal conlarn thc tollowtng characlcnstlcs

I lgnore fault handhng rs\uEs Thus, wc caD rs\ume thJt the nelworL rs fauh lreL dnd all the

processors,rre rcllablc Moreo\er wrll *orl on the sratrc netuorl .rnd dyn.rmrc chantcs

wlll not bc consrdered

2 Each node wrll contarn a unrquc ID of O (/og r) brh

J Loc.rl Lompularon on cach proles\or $rll hc lrec

Also ln thrs thesrs. we wrll lgnorc somc paramcter\ tc !''ctghl\ lun\'rclghled SrJph) lhe

focus 'rrll be on lhcsc thrce modcls, namcly LOCALITY MODEL, CONGEST MoDEL AN'D

ASYNCH MODEL a\sumed fiom abovc drscussron The ,ocus of LOCALIT\ NIODEI-rson

the loc.llze nJture of cxecutron Onc assumplron rs thJt communlcatron bel!\ecn nodls $lll
bc synchronous and computauon wrll bc donc ,n the same round The focu\ ol CONG[:S'I_

MODEL rs on the srze of thc mc\sage and the tolal mc\\.]ge \t7c ulll be O li(,q n) lh)\

modcl works on both s)nchronou\ and aslnchronous nrodel lhc lolus ol thc l.rst AsYNCll

MODEL ls on asynchronous commutucatron In $hr!h both slzcd and un\lzcd nressJSe\ \Lrll

be con\rdcrcd u3.6l
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Chapter 5

Proposed Solution

5.1 ProblemFormulation

In thls chdptcr, wc wrll drscu\s the assumPttons on whlch our LhesLs problcm \tands and formall)

dcfine thc problcm Thls lhcsls snidtcs thc communlcatlon problcm rn network\ rn rhrch nrxles

know only therr label The nodcs olthe network rcqu)rcd to bulldlng an ellicrcnt lommunrli_

tron slruclure so thal anv opcrallon lor alSoithm lJLcs tlme lc\\ th.ln thc tlmc Pnnltl\c stLP\

Th,' rcsults rn thc ef6crcnl rmplemcnlltron of thc algonlhm on lhe communrc.rtr.n \truclurc or

nct*ork From thE 8r.tph 6eoretlc vtewpotnt, $c conslder node\ ()1 the nel$ork .r\ lhc s.l oi

renrccs .rnd trcat cdges as Lommunrcdlron hn[s The dl\tdnLc .rmong communl!.llrng n()des 3rc

trcaled as stdndard wetght funcoon ln Scncral, our goal ls to conslrucl d eoffImunlcatlon nct-

work rn whrch onc can control lhe load and the ldtcncy, whlch drc onc ofthc tuo mo\t rmpo ant

cntcna for cffictent communlcallon rD thc nct\r'orl Formally. our a\5umptlons arc as follo\{r

Assumptrons

. Nodcs know nolhrng bLll thetr own unlquc rd and thc rd ol thelr ncrghhorr

. All nodcs s, € N rrc \ymmctrle, that r\,

V '1.5r € S. drst (sr sr)=dtst(sr, sr)

o Grrcn a root node r o

5.2 Introduction

ln thls sectron, wc are gornB to drscu\s a drs[tbulcd alSorrihm for clu\tertn8 As dlscus\cd

rn sectron I 2. LP-Rcprcsentauon rs used to mrtntJln a 5mdll ,rmount oi lnlorm.lllon iu\t ll[c
rnfomJtron of fcw cdges and structurc ot ihc gr.rph $htch crn contml thc compulrtronal .rnd

spacc co\l lhc cluster rs a lypc ot LP-Rcprescntauon, ln \ hreh a spcc,hc Jmounl of notic\

J2
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Broupcd ln a small connectcd subSraPh In cluslers. wc Lontrol thc radlus and overlaps bclw€cn

cluitcrs rn such a manner lhal the resultdnt \truclLlre ll bJlanccd ln lerm of toJd 'lnd ldl'nc\

5,2.1 General Overvicw

Wc arc consrdcnng a werghted undrrccted nclltork A'= (S 1- d^t)uhelc5l\a\ciof\en\or\ L

rs thc brdrrcctlonal communlcalron llnk\ bctwcen nerehbors and drsl ts $e \relghl functlon The

lrnL\ between nerghbor\ cen be estabhshed through broadc.rst and con\cr8c!'r\t An c\rcme

rolutlon of thc problem ts that each nodc has one edge but lhls cau\e mlnlmum loJd Jnd nlole

latcncy Thc proposcd solutton rs bascd on two phascs

Phase I Drvrde lhe wholc grnph lnto clusters (subnetwork)

Phasc Il And cnsure that each clusler contaln\ a lrce

Shonest Oultorng Edge (SOL) rs uscd to hnd thc small cdgc\ th.rl I\ rclatcd to ca!h 'lu\ter fh!

Drstnbulcd Pnor wlde Search algorrthm rs surt.lblc f()r to e\trdcl lhc lo!al trec thc fr()hlem ()l

BFS can be defined as an undlrectcd grlph G = (y It ), where l' ls lhc \ei of nodes and E r\ the

\et of cdges of dlrecled roolcd .tt a nodc ? u (ant ) sp,rnnrn8 tree \tr'c rs\umc th'rt thc ncl$orl\ l\

\tronglv conneclcd Jnd a rool node ,0 l\ exlst whlch rs not \ame !rllh olhcr\ The out put of fic

algorrthm * rll bc a drtecled rootcd lree at sourcc node , !

5.2.1.1 BtrS

The BFS algorlthm r\ u\ed tn tht\ s()lutlon lronr thc \1.rfl and.ll!orrlhnr $ rll h('(rllctl 'tf'rrr in(l

agarn as the messa8e Mrg tngScred The b.lslc a\sumPtlon\ ot our BfS 'rlSonthm r\ 'r\ follo\t

Assumptlons Each noclc Lnowr lts rrl dnd nclghbors t./,rnd nothlnscl\c \u!h rs lord l'll!n')

or thc lcngth of the dramcter ol lhc neluorl

5.2.r.2 DFS

The algoflthm (3 I 19) rs uscrJ to hnd the rcmdlnrng nodc\ ln thc gr,rPh Thc rcmatntng norJc

refers lo lhosc nodcs \.rhlch arc not thc pan of any cluster Fror thls Purpose, a RErREAT

mcs\.rgc r\ scnl to the prcvrous cluster from whrch rt crca(ed. lhrough parenl-node lnlormlll)

thc algoolhm operJtc\ a\ folt()\a go brck Io thc rool nodc tluough /rrr" ,r/ r"'/' llhc norl' lrom

whlch rt rcccrvcd the /?rr mcs\agc) Jnd lrr\cr\c thc IRELS $hrth r\ bulll Lhrough lhL 'lu\l'r
creJtc procedurc
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5.2.1.3 Broadcat, ConverBccast, and Upcesl

In thcsc algonthms. \r'c can send and relel\e i me\s.lgc partlcularl\ ln upca\t wc crn llnd 'l

mrnrmum rd (a\ de\cnbe rn scctron 3 t 1.1) The tree thrl ls burlt In clu\tcrs ls aLhre\ed through

a broadcdsl algonthm- dc\lnbed ln secllon 3 I l2 Jnd 3 I l_1

5.2.1..1 Minimum outgoDg Edge

when thc algonthm reached to i l,rycr lhal 11 empty thcn wc go bdck lo lhe rool node b) thc

node \rhlch ls selcctcd as the P'lrenl nodcs The prrenl nodcs nrc tho\c nodc\ {hrlh 1\ \cndrnB

rhc mcssage l-4yER{p,r) to thc ncxt laycr nodes

5.2.1.5 Structure of lhe Soluhon

Summanzed form of the algonthm Is as follow,

Crven a graph C = (V. E, d/rl) and an tnteger f > I

I Clustcr creirron procedurc

ln clusler creatron proledurc. thc cluslcr\ lrcdtron slan\ Ihlough BFS lrcu alSonlhnr

When the \parsrt) condrtron of our problcm bccomc fdl\e thcn Lreale thc Llu\tcr olhcr'

!lrse rncrcasc the laver to nexl nodcs

2 Nexl leader sclcLtron proccdure

when the first cluster crcated thcn whlch nodc wtll bc lhe nc\l clusLer head) For thrs

purpose. the ncxtlcadcr prorcdure sttned lo sclect th.rl node whrch ha\ the smallc\t nodc

rn the ncrghbors )

3 Mrnrmum outgorng cdgc selectron procedure \'\'hcn thcre l\ no nodc rn th( SrrPh \{ lthout

a clu\ter, thcn find thc mrnrmum edge ln thc rntrnc)u\ter cdges

5.2.2 DistributedClusterAlgorithm

ln tlxs sectlon, $c prcscnt r clustenng algonthm that uses a condluon lor \P.rse structure The

basrc rdca has becn takcn from [3].6,31,36, 18,27, l9l The alSonthm crcdlc\ clustcrs ln

rtcraton\ Al cach rtcratron, a BFS trcc rs crcttcd and all thc ncrghbor nodc\ add to the clustcr

wrth d ccndrn sparsrty condrtron rnformally, the alSorrlhm \tcrts from the rool nodc aod trlggcr

r mc\s.rge L{,dr./?rJi.)de lo rtscll and thcn,irrs mcs\,]8c lo rtscll \ltcr,i/\S nr(s\ns! lhr Bl S

.rltorrthm smns rn layer by laycr fa\h)on At eceh layer all lhe nodc .lre addcd lo thc clu\tcr

unirl a sparsrly coodrtron ls salrslied I c lhe nodc\ rn the ncu lJlerr\lc\\lhrnfrc\r()u\rll lJ\cr

nodcs (rec Lne 23 ol thc algonlhnr on pagc 47) Thtsrsourbrsrc londrtron uhreh dcerdcs the

Il.t\\n kb 7A fB SLVSCY!11
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lrcc hcrgh! (means numbcr ot nodcs ln thc trce) [f thc condltlon bccomcs truc thcn expand thc

tree elsc d the condltron becomes falsc then reJect the nc\r layel nodcs and make thc cluster

from thc prcvrous nodes when the alSorllhm determrned thal therc Is no nodes ln the ne\r layer

rhcn our ilgonthm become halt Thc trce that It bulll ln the clusler rs i llFS tree !\ rt /', A

number of messaScs uscd rn thrs procedure such as Mr8 messagc I,AYER (P I l) Acl(brl)

COUNT mcssage and REJL,CI mes\a8c As fie root nodc gencri(ed lhc pul\e /" ul_S lrec

crcatcd at lhc root \!lth P-l layer Each pulsc marntaln\ a numbcr \rhllh leads lo lhc dcclsron

of aijdrnq or re!cclrnp rhe lalcr to lhc clustcr ThcJornlnSofP+l ld!cr k) the clu\lcr ls bascd on

thccondrnon.comprrethcchlldniJc.rnlheP+l laycrurththcnodc\rnthcprc!rou\'rll nod'\

of BFS trec, rI thc rcno rs > nr I llen lncrease the laycr to P+2 otherwlse rclect the ncw layer

and crcatc thc currcnt clusler Whcn the leadcr / brordcast the ,yJ8 message on the crlsllng (rce

then the nexl pul\c cxecunon stafled When lhc mc\s.rgc rcached to thc lasl la)cr P'l nodcs rl

sendal,AyERlP-l,l)mcssagelortschrldrenlhalm\ la)crtsP-l go\crnedb) / Allcrarrr!rnB

the L4yER (P-1, I) mcss.rgc, thc chrld node -/ inol )cl torncd ,1n) !lu\ter) Joln thL !lu\lcr / rl

layer P ,rnd chose lhc node lrom whlch me\stge l-4y[R (P_ ], 1) reccr!.d as a pult:ntJttrl? \.rd

r(l (0 rn crsc o[parent or I otherw,se) to r Thctolalnumbcrotthenewnodesrnthela]crcnn

by nnd through convergccast proccss by rnscnrng thc COUNT l,) mcssaSc When thc leadcr

knows the numbcr of the new nodes thcn thc Proccss becomc hrlt and lf the numbcr of neu'

node ls hrgh than thc preseDl number of nodes the ncxl pulsc r\ slartcd and the nodc\ of thc

Iast laycrJorned thc cluster It lhc number of node\ nol grealcr than lhc cu\tlng !luster nodc\

then broddcast a RE/ECI mcssage that lhc noda\ ln thls la)cr drc rcjeclcd E.lch clu\ler has

a uDrque ID After lhe messa8c RIJECT .rnothcr proledurc slrrL\ shllh l\ lrllld rh. \L\t
Lcader proccdure (scc hnc 3 of thc Jlgonthm on p.rgc.ltt) Thts proccdure cho5c the nc\l lcnder

of the clustcr Thcrc Is lwo cases after reJcct r laycr one ls q hen the lalcr nodes ls empN and

$,hen lhe laycr rs not emptt from nodc\ If the laler l\ nol cmpl\ then .l nodc rn thr\ lir\ar

rs Lhoscn as a lerdcr and rl the layer rs empty from nodcs then backtrdll Proecdurc appircd lo

rhe clustcr b) DFS al8onthm For lhe nc\t center of acLlvlty thc ]eadcr / ol lhc lluster callcd a

\ubroutrne sc,irch-leader whlch dctcrmrnes the Ieadcr ofthe ncxt cluster For thr\ purpo\e atcst

messate rs sent on the rntraclustcr tree by the cluslcr lcader and the Iasl layer thrtJoln th!'clu\lcr

broadca\t the lcv lo the rcJcctcd lalcr Whcn thr\ mc\\.1-sc rcr(hcd l(l Lhc rcjcrlrLl 1.r\.r rotlc

r. lt \carch therr nelghbon rn remalnrnS SraPh A lonvergecJsl p()ce\\ l\ \l.lfled on thc llJl of

lhe node r to hnd the mrnlmum rdcnllt) nodc and sct lhl! nodc rs a c,tndrdrtc A ne!'" llrdcr

me\sate rs broadcasl rn thc rntracluslcr trce to lnform lhc crndldalc Dodc $dt )ou dr. lhc nc\t

cluster lcadcr upon recervlnE oI tI.: ncw-lcdder me\sage. thc candldJlc node mdrk the nodc rs

pJrcnr nodc lrom whrch th('me\s{c recErled and thcn crcrte thelr orn clu\tar For the second

cr\c r c lflherelccledldycrr(cmitv.thela\lcre.rlcdclu\ter\endr/llt/RI-l7f-m€\\.Uclolhe
parcnt nodc and try lo hnd thc rcmalnlng nodc of lhc graPh REfRt'AfE mcssiSe send lo Pnrent

node untrl thc p.lreot nod€ bc(ome elnpty l e The root lluslLr, *hrchhasnoanl P.rrcoL node

when the rcmarnrng nodcs becomc end thcn the ptuccdurc Cluster Lcader be(ome halr l-rnk

Elcclron proccdure rs callcd for the selecl,on ol a prcferred InL lDr communtc.rlton betwcen

ItdrunT.b 7U I BAS/,V:CS/Sll
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rwo nodes(sec llnc 2-l on pagc 4E) Informally. a werght functlon (//'/ E - /* ls attlthcd

wrth cach lrnl The hnk bctween thc clustcr ls choscn dunng lhc procedure of bnckracklng of

Clusler Leadcr procedurc and at thr5 lcv!l thc node\ att,rchcd lo som. clustcr\ A mcs\rgc Ma

rs bro.rdcast by thc clusler leader on lhe lntraclustcr trcc Each node ln lhe trce converBecasl

a llsr to the lecdcr nodc whlch holds lhe mtnlmum edge (ME) lnformahon whcn an rntcrnll

nodc reccrve\ the hsl ,l comparc therroun lr\l 0nd drop lhc rcdund.rnl cd8c\ Th. lci(lc'nodc

.-ollects thc rnformauon and lhcn broadLasl on the trce now lal dehnc lhc dlgorrthm rnlomr.rll)
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Algorithm 5.2.1: Cluslcr Crcrtlon Algonthm
input :ACi+hC- r\.h.,*rlhrJrsrrnPur\hruulIruJJ r|J r lJrJrrrLrLI ^ i

outpul: Set of d,strnct cluslcrs

r ilr=Tothcn
2 lagget (l-eoderiode) -+ ta

scl Parcnt -node + 0

scnd mcssage MJ.g to llsclf to creale ihe cluster

/* nodc r rcccrvcd Leadcrnodc mess.gc trom nodcJ'/

tttgg.t ll,eai(rrole) - t

Iqer lt] -O
pulse <- 0

rngger(Ms8) -r r

confirm neu layer.rnd send me\scgc MJ.q ln ne\l lilcr
/* rmprove lhe lntraclustcr trce*/

/*rcject thrs ne\r'layer (scnd rzJ mcssage to lcadcr) rnd crcatc the cluster*/

/*rcmovc thc nodcs thatJolncd the clustcr*/

S=S-Y

s clsc

a

l0

ll
t2

,.t

t3 and

1l upon rcccl!rng mcssagc Ml8

15 /* starl the BFS algonthm*/

16 /*rhe BFS trce constructed on the roor ,,, at laver 0 and \cnd lhe thc ncxt messJSc M!l'1l]

l? Broadcas(MrB) J chrld

rs if.rrl..1= 0 then

p I vtqect\,ltld -node.r ) = 0lo parcnt

20 clsc

zr I rrggcrl.firld,.rories) ' r

12 cnd

t iI k (chtldLtotlet) > tree)tode lhen

26 elsc

rr cnd

2l

2a

,t

12 /* complele rhc lntrrclustcr trec (cluster !rcdted)*/

Ho\\ah 7,h 7U L 81.\/VSaS/S1l
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2

l

I

ll

tl

ll

t9

21

2'

,.1

upon rcccrvlng mcssJSc rsl

if thr lq-er tt not empt:- lhcll
Broadcas(rcrl) . f{

elsa

I ngger(RETREAT) - koler,
cnd

upon rccel!lng me\\.r8e l(rl lrom nodc I
lnYoLe \carch-lcadcr proccdurc

Bro.rdca\llr?r,) - fr
candrdnre = mrn{li I k€ nergh(,)}

/*scarch lhe nerghbor node and find thc mtnrmum ID nodc lhrough con\crSeca\l proccs\*/

rp2sllc a n d t do t e ) ) l4 ad e r 1

/*upon recclvlnB cordl./.rrs mcss.gc ln the lceder nodc ol lhc Lluslcr+/

brcadcasllcarultdale) t T t,

rf rhe nodc r r\ candrdate node

tt Landt.lot?= r lhcn
/* rhc crndrdatc node ,s Ihe ncxl lcader ol thc cluster*/

rtgget \koder-rode) ) I

/+sentl Nei )jodct fiassagc to rlscll}/

/+ k l\ lhc nodc from uhrch r rccer\ed thc mc\sngc c.rndld.rlc*/

/* at thrs Ievcl all thc nodes Jom some clusters*/

con!crgecasl the /|y'[ me\\.r8c 10 lcader ot the clu\te'r

/* \larr lhc prcfcrred hnk pft)ccdurct/

26 Cnd

27 uPon reccr!rn8 message RETREAT

21 5lart fie backtrackrng procedurc

,e /*DFS algonthm*/

30 6ndlheremarnrngnodc\oflhcgraphlhroughlcstmc\\igch\thelc.rderol lheLlLl\tcr

rr rl such node rs find thcn

i2 Rcpeat the l?Jr mcssagc Proce\s

.]] upon rccc,\rng rhc mc\\age ,trf on thc Parenl nodc /

r scnd,\rE mcsse8€ lo ncrB(r)

15 /* find thc r mum cdgc and create ,r Lst*/

16 scnd the llst to pdr.nl r.,.?e

CSLI) 4lt.dlhnlor llnd onl t,n,n.\ Bdlo tns
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CSID Alionth lrt bad aad lakr<\ Balu.tnl (haFIcr 5 P('t'o\ed Solulron

l upon rccelvlng hst to rnlcrmcdlatc node

! mcrgc h\( to ltself

J remo\'e thc duphcatc cn(r)

.r and scnd to thc Prrr.n/ ro(/e

s il porentrb.le = A that
6 thrs rs the rool cluster and broadcast lhc fin,il llst on thc rnlraLlu\lcr trec

7 and

5.2.2.1 Ex.mplc

Frgure 5 I Clustcr Crerhon

\
Frgure 5 I rs thc cxrmplc of the clustcrrng alEonthm whrch rs \tart from the root nodc and

produee cluslcrs at the cnd ofthe alSoflthm At nodc ,o \tJn thc BtS trLc -lhc lrr\r .lu.t.r

ls madc of ncrghbors nodc bccausc our brstc cond,(ton btcomcs lJlsc al lhrs slage Allcrhr\l

clustcr the ncxt cluster hc.ld rs (\uppo\c) I When lhe nexl clu\ter he.rd r\ sclc!lcd thcn \t.lrl

agdrn lhe clu\tcr Lreatron proccdure After creallon ol ll\'oclu\ter\ we hJ\c dpplled lhc srmc

tcchnrquc on thc rcmarnmg graph Wc have also showcd dnother crample ln seLlon 6 -lc, ln

whrch \|e cJn \ce that our schcmc produccs tha clu\tcr\ up lo tso hop\

Hot\o 7,h 704 FBAS/MSaS/SI J



Chapter 6

Results and Discussion

6.1 Correctness and ComPlexitY

6.1.1 Correctness

for correctncss, \}c \r ltl Pro!e that (he commun)L.rtron \lru(lurc conslruLlud h\ our rlSonlhn\

rs rn lact. a lrcc ftr\l \!c mu\l pft)\c lh.rt our.rlgorrLhnr h,rrr: produ'ctl 'r ttce rn 'lu'tL:r

othcrul\e rcsull.rnt networl ha\.1 cycle $mc\rherc A\ J rc\ulLlnt lhc nct$orl loD\trutl b\

our algonrhm cannol be balanccd tn terms ol load and latency

Lcmma 6.1.1. lfu al1ot hm 5 2 I t! sPars! tn tcrm oJ

'[he rhrsrcr are drslotnr tr 5rS'= 0an,1

Th.erophGtS)ha! lrraclusrer etlges notnorerhann\-ttlottluLl\r??ol th(<lu\ltr\t\

Prool l-ct supposc lbr contradrctron (hrt :t € S_l S thcn ! bclonS\ to Y and J b) dchnltron

lhr\ \rtu:llron (.ru\e a conLrJdr!tron, bc!Ju\c thc prc\lou\ 1.1).r thJl lr.rddcd l(' lhL '1u\lel
dlscxd from lhe sct of nodcs andJust thosc nodc addcd to thc (-luslcr *hre h rs not rclcctcd

'1_hr\ r\ clcar lrom thc \parsrt) Londttlon thrl thc cdger rouchrng thc elu\lcr J r\ lL\\ l6l

-

Lcmma 6.1.2. The algonrln 5 2 I Lont t Bts tte! ttt Lh (16I(t

We \rrll sho$ b) rndu(lron ol I lh.ll lhc rc\ullinl lrcc ()l JlSorrlhn) j l ll) L' L lil 5l '(
Basrs

l_or I = t dunng the me\\rBc ,lrtq rnd l ezrd.r rr.)d? lhc hr\l BFS trcc rreatcd $rth noLlc I

lnductivc st.p

Lel thr s true for r - I= I Dunng round I l. Lct f bc c nod. thrl rcccrvc\ lhc mc\\'r8c

5()



M.rg from the parcnl nodc/ al dlnanro I I fhc nodc/ rclcl\cd lhc flrc\sa8c allcr drslanlL I

I Thc node that rccclved the messagc al drstance r - 2 not ch:ngcd hls parcnl po\ltlon nerlhcr

dellvercd a mcssrge And cvery node at dlstancc r _ I changed hls pJrent as well rs dellvcr the

mcssage Thus. we crn say lhat cach node connccts onl) lhosc node whlch ls al dl\llncc / I c

nerghbors In othcr words. each nodc has a parcnt nodc and an) nodc nol chinSed thclr Parent

and !rce rcr\c [9]

6.1.2 ComplexityAnalysis

Complc\rtJ aral)sls rs esscDtral for to !hc!k thc perfomruec of thc .rlgorrthm fhr\ r\ ,l lun!

tuon to checl the specd oI processrng

Lcmmr 6.1.3. the Lommu,u.atton dntl ttlnetonplc\tt\ol thp(luttr'r-LtLurronpnutduternrhe

olgorthn52l tsO\ L,+ | lalJ \l)dnlOl | ),(sp(trel\

Prod DuflnB clu\ter ercrtron crch clustcr $rll ldll lhc clustcr crealron prorerlurc onec, rn.rt

most loB I ] pulsc At each pulsc the mcssa8c Mr6 and roant rs pesscd on cach cdge Thc

courr and M.rB mcssagc ar€ passcd Grough each cdge and hcnce ihe complcxrt) rs 2 O ( I l)

The bound for thc dramclcr of rhc tree rs log I rndtherer\total O( l'])rounds\othr\)relds
Ot Illog I l)complexrty So tf,e communrcauon cost rs O 1 E+ \'\l,tt l') Eachtrce

rn thc clustcr has hclght ll ! /og n and tale ft mc unlt\ to re.rch thc le.rt nodc\ ,rt i pul\e So

the k)ral xme rs O ( I I J6,9J n

Lemme 6.1..1. Therontnuntturtutttndtnt(tot'ry|t\rt\ rl t\t \tul tt(\drrr tnrrl\,'trrln,
521tsOl \')tandOt lllog I't

Prool Thc cenlcr of actrvlty movcs to nexr node by calllng r subrourrn€ serfth lcadcr lhrs

subtoulrnc broadcast /sll cnd convcrgecast .andrdor. mcssdge ro thc leader ol the exls!ng tree

leadcr Also dunng scarch -leadcr subroutrnc, rf the nc\t lryer r\ cmply thcn a R/!.I?LllL or

IldderJrode mcssaSe ls \cnt to lhe cho\en lcader ol the ne\r clu\lcr The\c nre\s.lga\ \cnded

on Lhe rntr.rcluster trcc So thc comrnunrcalron ls O (] t l) and lrme r\ O (loe i i) Thc

commumcatron cosl ol thc BFS prolcdure rs O ( I 1 ) rhusO( i )\O( I ))reldstoral O
( l' 2) communrcatron complcuty Thc tlme complexrty of DFSTsO{ t } SoOl l'), O

(lo8 I )yrcldsO( I Jlog I'i)trmccomplcxrtyofthcprocedureSearch lcadcrllSl O

Lcmma 6.1.5. Th( conmu uutton.t,td tlne (onple\6 oJ hndng trununutn edge n algonrltn
521$O(1\ ))andOlir lo{ \ t)

ProoI rcfird the mrnrmum ed8e. the preferred Irnk procedure lclled.rt mo\l once rn lhe rntr

acluster trec ofthe cluster In tencral seose. thc cleLtron pro(es5 rcqurred O ( I tandO(log
I )communlcauon and trmc complcx,ty Srnce Iherr ls l' noder and Ihe clc(tron pro!c\\

r\ applred al most (L' 1) l' tlmes Thu\ lhe bound lor total communrcalron !omple(llv t\

aS/-, AlEo thd|ot Liod aid lrkn.\ Bolnn.ng Chrpier 6 Rc\ults dd D$cus'on
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o (k l' r) As we kno\'lhat thc elcctton proccss utll pcrform on tolal on I J node\ \o lhe

prefcrrcd lrnl procedurc,*rll tnkc 0( I log I )trnrc16 lll
tr

'fhc total trme and communrcahon complcxlly ofour algonlhm r\ O( I I logL I /log (l rnd O

(K t')

6.1.3 Comparison With Other Algorithms

In thts scclron. we are tornS to compJre our worl lllth orhDrr our comparrron cmph.rsrz,es on

clustcr ovcrlaps, nodc dcSrec and radrus of lhe net.*orL clc N{rn} pap.rs dcsLflbcd thc !lu\rer
overllps but not the node deglee wlx!h Lruscs lhe lo,ld ol thc net$or I Duflng Bt.S proredur c ar

ue know thdt thc alSoflthm rgnorcs thosc cdtcs whlch arc repeatcd. r c a node rclet\ed messagc

Mr8 from more than one node (and select onc node as larhcr and ignore thc olhcr llnl) lhts
proccdurc make\ the load o[the nodc kr* tn othcr \\r)rd\ thcBFS producc.rTrcr 'l'hc r.rtlrLrr

of the rnlr,rclurtcr trcc can be controllcd through the \ropptng condrrron r c I 1L htll n,Lk st I
lree)1ode \,lherc k = {1.1,1 ,n) and ,l l\ the lolill numbcr ol node\ Tnblc 6 I sh()$ \ \omc

cornpdnson urth our JlEorrthm Olerlapprng ()f nerurrrk mean onc node belons\ t() more th.rn

lwo clu\lcr .lnd nodes reLctvlnB morc and nlorc mc\\.rgc\ tro olhLr !lu\ler he.ld\ I ht\ !du5L

thc communrcauon complcxlty hrgh Ihc algonlhm ot ll6 I7 l0 ,1ll hr,,! r^crl.rp\ ot rh.

clusters whlch causc lord on the nctwork, but out algonrhm guaranteed non-overlapptng, erch

node rs connccted to only onc clu*cr Mlntmum radlus mecn. conlrolllng the networl ldlenc!

Thc latency of nct\r'ork b€come vcr) hrgh lf the clusrcr\ ba\cd on onc hop In J I6 l7 l8l lhc

radrDs of thc graph bccomc vcry hrgh as rhrs algonrhm rs bascd on one hop clu\tcnng \\'c hrre
trred lo prescnt sulh algorrlhm thar ls b,Janccd rn rerm ol load and l.ren!) ln our prL\cnlud

algonlhm, Ihe radlus r\ based on our londrtton Thcren).r\bc.!(lu\,erbased,,r,nrrghh,,rr;rrl
a clusler wr(h lwo or three hops bur our purpose r\ to bJlJncc Lhc lo.rd and laten.y The rrr.srag.
srzc rr consrdcrcd 6r as drscu\scd rn \ccrron :l I 1.1

T.rblc 6 I Comp:rnson

Orcn3p: (lui.r RrdN5

ftop.\.d.rh.m! o( I los
I l,lo! t r

0rK t ,,

r$!6urh.r!t rr0l oin') Hr4l,'rr i.- - BJld,;k
,AI

\1.kll.\

$.* -i^- ,,".1i-"-
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CSID Alsor'lhnJor In&l dhd trt.no Balun.ns C:hnn, .f 6 Rc$lr\ and Dt\cussrcn

ID clustcr archltaaturc, thc communrcatron ca, bc pcrformcd throuSi cluster heads If thc num-

b€r of clustcrs bccomcs largq lh$ rlEatrs thar rlE conununrcatloo o\rfilrcad ls maxlmunl PaPers

[ 16. 17, 28. 25] produce a maxrmum numkr of clustcrs and as a rcsultan!, wc facc broadcasbng

overhcad We havc mlnlmrzed the number of clurters tfuo0gh our baslc condrnon Frgure 6 1

shows thc number ot clustcrs m our proposad and prcvlous lltcmtufc. Our basc paper for com_

panson $ the Chcn ct al. lt8l papcr. Cllcn ct al- Il8l havc mrormrz.d thc numbcr of clusters

(for k > 3) but not conccnrate oD thc dcgrcc of thc node Our proposcd schcmc bccomcs better

than Chen et a1 fork < 2(see the rcd hnc rn fgure 6 I ) Thc [otalnumb€r ofLluslers produced

by Chen et al and Arssa ct al algonthms alr sanc bccaus€ we have taken only twcnry number

of nodcs (red and bluc lnes rn f gure 6-l ) For a largc graph thc algonthm of Chcn cr al rs good

as compare wlth Alssa ct al

Ch.ir
Mm-

Frgure 6 l- Clustcr Compaflson

In l16. l8l papers, the algonthm produccs maxrmum clusters rs compared wrth our proposed

but we havc Doted that the number of dcgrces of nodc shll not reduccd As l2.lldcscnH that a

node wrth a mai$mum degrce wrll bc ln mary cluslcrs aDd aach cluster head wlll scnd mcssages

to lt. In thrs casE, thc numbcr of rncssagcs cxchangc bccornc vcry hlgh and as a rcsultant thc

communlcatron complcxlty ln lntra-clustcr and as wcll as rntcr-clustcr tee become hlgh Chen

ct al, I l8l reduced the numbcr ofclustcB txtl not thc clustcr ovcrlaps wllh othcr clustcrs_ Mcan
that there rs a common nodc betwe€n clustcrs Figurc 6 2 shows thc degrce and ovcrlapptng

clusters In Ch.n al al. papcrs, thc clustcr ovcrlapc arc hrgh- Marvdr ct al l25l havc rEduccd

thc degree of thc node as comparEd with ushlt i, somc cascs thc hope count lncrea.se as we c.In

see rn figurc 6 3a [n dcgree companson- wc havc tough compconon w1(h Manult ct rl (scc

the blue dotted Lne m 6 2)
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CStt, Alsonthnlot lrud ond Larttu r BolonLtu Chlprcr 6 R.sults ind Dscussron

- - Ch.o
Mrmdls

(r) Mamal ct al (b) Chen ct rl (d) Arssa et at

Frgurc 6,2 Dcgrcc Companson

Thc gcncral form of thc cluster compansoD wrlh prcvtous ltrcrarutc can be secn tn fiFlrc 6 3

The cluster creahon algonrhm of Lrn et .l- I28] produccd a numb€r of cluslers because thts

algonthm produc€s clustcrs of only Dcrghbor nod.s- Thc algonthm of Chcn et al I t 8l produce

clusacrs wlth K-Hopc no&s but not colrccdtt'aL on dcgrcc conEol. When k ls equal lo onc or

t*o m Chen et al algo(thm then our proposcd schcme become bcst but when k becomes cqual

to thrce our proposed scheme sran a tough (rrDpcthon wlth lt To overcome the problcm of k.

}!e have also used k as to reducc thc clustcrs rn thc glaph The rntraclustd communrcatlon ls

goodfiomlhel16.28,25l bul nor liom 8l TIE DtcrElustcr communrcauon rs sarne wrth [25]

and good from othcrs

(c) Proposci Schcm€

Frgurr 6,3: Compaison
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Chapter 7

Conclusion and Future Work

ln thls thcsrs. we have consldercd thc problem ol an efhclenl \tructurc ol lhc nclror\ lr)r com

munlcatlon amonS nodes Each node Is a Pan of a clusler and connected wlih cluster herd A

nerwork structure rr elficrcnt lf lhcre l\ a bdlancc bclqeen numbcr of hops (belueen lhc clus

ters). node dcgrccs and no ctuslcr o\erlaps We hcvc \ludlcd the problcm rclitcd lo lord end

Iatcncy The (-lustcnnS tcchmquc ts an approprlate tcchnlque for load and latene! balrnclng

wc have cnsurcd by lcmmas that cach cluster has a trce Thr\ thesls prescnlcd rn algonlhm k)r

the efficlent panltlonlng of rhe nodes of an ad hoc *lreles\ nctlrork tnto clustcrs $rth n clu\tcr

hecd Thc cluster head sclcctlon ls based on choosrng thc mlnrmum ld node rn thc ncrghbors

In thl\ pcpcr. wc do nol necd Informauon Jbout the \lholc net\r'ork becaure ue are u\ln8 thc

local rnformalron bascd modcl whlch l\ callcd Local Prescr\lng Rcpresentatlon (\honlv I P-

Replcscntauon) In LP_Represcntalron each node onlt' kccps lnlormJtlon JbL'ul lhLll nclgh

bor\, rt\clf dnd nothtng else Tht\ rdca mrnlml/c\ thc \pd!e (omPlc\rt) ol our \lhcme lnour

schemc, we have u\ed thrce matn proccdures, cluster creaLlon. ne\t Ieader proccdurc and find_

rng the mlnlmum oulgoln8 edgc [n ctuster crcdllon Proccdure \rc havc ereated trcc\ $llhln

clusters As wc know that cach node have only onc fathcr nodc and therc l\ no cyclc ln the tree

Thl\ lcchnlquc mrnlmlTc\ lhc number of cdges adlaccnt to a Dode u hrch me'lns thJt ue 3rc ablc

to rcduce the node dcgrcc through thls lcchmquc 'lhc lomr unl!Jllon and tlnrc lonlPlc\lt) ()l

clu\ter creatron procedure l\O 1 El I /i)(/ I andOl I ) lhcnc\lleadcr p'()Lcdurc r\

dcu\atcd whcn thc 6rst cluslcr bccomc complclcd Ne'(l lcJder ls chosen by sendlng a messagc

to thc new chrld nodcs of lhe relectcd lnlcr through constructed lrcc \thr!h m'rle' corllmunl

catron complcxlry low bee.rusc \r'c ha!c rcmo\ed c\lrJ edgc\ _l-hc 
communlc'lllon rnd tlmL

complcxrlv of nexl lerdcr proccdurc ls O I I r).lnd()(ll 1', I )\\henthcrelectcdl'r\cr

rs empt) Ihen 80 back to the rool nodc b) father nodcs and 6nd the mlnrmum cd8c\ bclucen the

rntraclustcr cdges When thc mlnlmum cdgc ls sclectcd lhcn usc thls cdgc for Lommunlcatlon

The communrcahon and rme compleuty of hndmg mlrumum outgomS cdge procedurc ts U

( I' ']) and O (1 l'l log I I l) In our lhe\r\ wc havc made the rnlr,rclustcr d' !\.ll r\ rhc rn

tercluslcr commuDlcahon lou as possrblc we hr!c aPPhed our dlgorrthm on t\\o grrPh\ $hr!h
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Jat l-ad onl lrtcrL, BdldtutnE Chipter I Concluton and I uur. Work

shows the clustcrs A numbcr of rcsearchcrs havc emphaslzcd on load only wl e othcrs havc

wor[cd only on latcncy. ho*ever tn our work. we hrvc tned to mrlc halancc rn both load rnd

latcnll Wc havc comparcd our work qrth many P.rpcr\ wc hd\c comPdrcd our \chemc u'rlh

drlfcrenl papcrs From slmulatlon re\uk\ lt l\ e!ldcnl that our $orl l\ h.llin!cd ln t'rm ol node

dcgrcc and oycrlaps \\'c wtll chccl or.:r rlgonthm tor Pcllorm.rnce on drHercnl modi:l\ \uch

a\ CONGEST MODEL Jnd ASYNCH NIODFI- $hrLh r\ dr\cussed In thc lhcsr\ A\ $e hr\e

proposed a d,ltnbulcd Jltonthm lor a LommunlcJtlon 5truclurc our nc\L stcp $ lll b! a roullng

alSonthm on proposcd structurc
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Glossary

! A 6nnc Sct of symbols I c dcllvcr' compulc, nodc and cd8c\ 6 7

, A transrlron functron such thcl ri Q, I )l + Q, 6 7. 37

Q, A finrlc sct ot Statcs r e Q,=Q ' 0 6 7

Qo lnltlal stalc 6, 7

6 Afrnrlesclof llnlsrc t -urndu -! 7

,lalt r€rmrn.te thc alSonlhm 37

lnbuf the rncomrng messaee wlll be slore rn thts butler 7. E, 36

outbuf Lhc outgolng mcssagc \^rll bc slorc In dlls buffer ?,8 16.16 37
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