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‘ Iotooelibn Tov podnpotog
e http://skyblue.csd.auth.gr/~dimitris/courses/mpc_fall05.htm

* http://skyblue.csd.auth.gr/~dimitris/courses/mpc_tall05/
— books/
— lectures/
— papers/
— proj_papers/
— present_papers/

e TomoBetovvTon 01 dPAVELEC TOV EMOUEVOL LOONUATOC

« TomoBetovvton Ta research papers wov avTiGTOLYOVV GE KAOE
otdAecn. Ta onuoavtikd pe tpobepo MUST BE READ

08/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ ITegteyopeva

* Kwntd Ad Hoc oiktoa

— To npoPAnua twv Broadcast Storms

 M£0ooor yro 100% karvoyn (reliable 1

deterministic)
— Connected dominating set (CDS)

— Clustering o€ ad hoc oiktva
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Elcaymyua

08/12/2005

Agv vtapyel oTadePT) vITOOOUN
ITepropiopévn evepyeia

H opopoioynon (routing) amoitetl ypryopn
cUYKALON Ko LKpn emPapovon ce
EMKOVOVIX

['pryyopn mpocapuoyn 6Tic GAAAYEC TIG
TOTTOAOYL0C
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‘ Kvpixpyo advorlo (Dominating Set-DS)

Opiopog:
Etvat éva vmoshvoro Tov kOuPmv T€T010 wote kéBe KOUPoc eite

OVIKEL GTO VTOGVVOAO OWTO €ite glval mpookeipevoc (adjacent)
GE€ TOVAAYIGTOV £vav amd TOVS KOUPOUC avTov TOL VITOGLVOAOV.

DS DS
O O

O I OXI

08/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag




Xuvoedepevo Kogiagyo auvolo
(Connected Dominating Set - CDS)

Opiopog:
Eivail éva DS tov ypa@nuatog, T€T010 MGTE TO LITOYPAPT L TTOV
avtiotoryel 6to DS va givon cuvoedeuévo.

AR SR

OXI CDS
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EAdyiot0 #viagyo cbvoro (Min
Connected Dominating Set - MCDYS)

 To MCDS givar eva CDS, t€1010 00TE VO £Y€L TO EAAYIGTO
uéyeboc (ONA., To KpOTEPO aP1OUO KOUPWV)
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IToAvmthoxotnTEg
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H gbpeon tov MCDS avnkel otnv KAdoN
wpoPAnudtov NP-complete, 0tav €xovue mAnpn
(global) yvion OANG g TomoAoyiag Tov OIKTOOL
Agv umopovpue vo vrofEsoovue 0Tt KAOE KOUPOC
yvopilel 0A0 To dikTvo. I'a va cuuPel avtd o
npénel vo. ovtoldoyoov O(n?) unvouorto.!
ATOYOPELTIKO KOGTOC EMKOIVOVIOG

XpewCopaote Tomikovs (localized) aiyopiOpovg
AnA., kataveunuéveg (distributed) mpoceyyicelc
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‘ Localized aAyogtOpot

o 5 * k-hop mAnpopopia
— AvoKoADTTETOL LETA OTTO
k yOpovg and
O avtarrayec Hello
UNVOUATOV
— TomoAoyia ko GAAEC
TANPOPOPIES
1-hop nAnpo®opia — Xovboc k=1, 2,1 3
2-hop nAnpo@opia * 2VGCMPELON
TANPOPOPIOG VS.
A1dyve1 TANPOPOPIOG
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AlyopiBpog twv Wu & Li

* Awowkacio Mapkapiopatog (marking)
— I'ta v €vpeon tov CDS

e Aiwyvooue (prune) Tovc TAEOVALOVTEG
(redundant) kouPovg amd to CDS

— 'l va ehattooovpe to HEYEBOg Tov
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Awxdiraotor MoraQiopatog

e OpiCovue €va oiktvo ¢ Eva ypaenua G = (V,E)
e ['to kOpPo v: N(v) eivan 10 “avorytd” 6OVOAO TV
YELTOVAOV TOV ONA., OAo1 Ot 1-hop yeitoveg Tov v
« BHMA 1: Apyucd, 6Aot o1 kOpPot eivon unmarked

« BHMA 2: KaOe xoéupog v aviairdcel 10 GOVOLO TV
vertovav Tov N(V) ue OA0VC TOVC YEITOVES TOL

« BHMA 3: Mark v €év vtdpyovv TO0AQY1GTOV 2 Un-
GLVOEOEUEVOL (LETAED TOVG) YEITOVEC
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‘ ITaxpaderyuo

To “avoiXTo oUVOAO YEITOVWV”
OAWV TWV KOHBWV:
E N(A) = {B,D}
\ . . . N@B) = {A,C,D}
N(C) = {B, E}
ND) = {A, B}
MeTa 1o Bnpa 2: N(E) = {C}
A: N(B), N(D)
B: N(A), N(C), N(D)
C: N(B), N(E)
D: N(A), N(B)
E: N(O)
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Avdivor Oabiraciog Maprolopatog

Ozopnuo:
Aeoouévov evoc G = (V,E) 1o omoio gtvai
GUVOEDEUEVO, AALA OYL TAPMC GLVOEOEUEVO,
TO VTTOGVVOAO TMV KOPLO®V V', TOL

mopdyeTon oo TNV olndKkacio marking,
oynuatiCel éva dominating set tov G.

Amooeln:
21 OLAAES. A
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Avdivor Oabiraciog Maprolopatog

Ocopnuo:

To ehattouévo ypaponua G’ =G -V’
£LVOL GUVOEOEUEVO.

Amooeiln:
TN OLAAEEN. <J

Me Bdomn ta ovo avtd Bewpriuata, M
olaotkacio making mapayetl eva CDS
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Anonopmn mAcovaloviwy ®opBmy
amo To CDS

e AvaBétovue Eva otoxptto 1d, 1d(v) oe kabe kouPo v € G
* OpiCovue 10 N[v] o¢ 10 “KAEIGTO” GUVOLO TOV YEITOV®V
(closed neighbor set) tov v, onA., couneptiapuPdavetar

KOl O V.
* Rule 1: E¢etaletl ovo kouPovg v ko u 6to G’.
Edav N[v] < N[u], and id(v) < 1d(u), unmark v.

C ©—

A u v u
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Anonopmn mAcovaloviwy ®opBmy
amo To CDS

* Rule 2: YnoO¢ote OTL U Kou W givon Ovo
marked yeitovec Tov marked koupov v oto G’.
Edv N(v) < N(u) U N(w) gto G xat 1oy0et 0Tt
id(v) = min{id(v), id(u), id(w)}, t6éte unmark
ToV KOUPo v.

~

Nt

u ¥ W
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‘ ITapaberypa aiyopiOpov Wu & Li

(a) Example graph (b) Marked gateways without applying rules

17 - I'_'I"
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Evnpeowon/Enavonoloyiopog CDS

Tomoloyikéc aldlayéc Tov acLpuatov ad hoc
OLKTVOV ECOLTLOC:

* Evepyomoinon (switch on) Tov mobile host
* Amevepyomoinon (switch off) tov mobile host

* Kivnon tov mobile host
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Mobile host’s switch on

e Otav o kouPoc v switches on, uovo o1 non-gateway
YEITOVEC TOV TTPETEL VO, EVILEPOTCOVV TNV KO TAGTOUCT)
TOVC

(a) gateway neighbor u (b) non-gateway neighbor w
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Avrtiotoryy dndinacia marking

08/12/2005

O kouPoc v broadcasts ctovg YeITOVEC TOV OTL O
1010¢ €tvon switch on

Kdé&0e host w € v U N(V) avtaAAdceL TO O1KO
T0V open neighbor set N(w) pe Toug YeITovES
OV

Mark tov koupo v edv vdpyovv 2 un-
GUVOEDEUEVOL YEITOVEG

Mark kd0e non-gateway w € N(v) edv €yet 2
LLN-GLVOEOEUEVOUC YEITOVES

Epapuolovpue tov Rule 1 ko Rule 2

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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Mobile host’s switch off

* Movo o1 gateway yeitovec tov switched off host
YPEWACETAL VO AVODE®PTIGOVV TNV KOTAGTOCT] TOVC

- - broken link

(a) non-gateway neighbor w (b) gateway neighbor u
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Avrtiotoryy dndinacia marking

1. O xouPoc v broadcasts Gtouvg YEITOVES TOV OTL O
io1o¢ Ba yiver switch off

2. KdaBe gateway yeitovag mov avnkel 6to N(v)
avVTOALAGEL TO O1KO TOV open neighbors set e
TOVG YEITOVEC TOV

3. Unmark gateway €dv OAot o1 YeiTOVEC Elva
GLVOENEUEVOL avAl OVO (palrwise connected)
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Kivrorn Tov mobile host

08/12/2005

['a va cuyypoviotel 1 kivinon tov mobile host e
TIC EVNUEPDGELS TV gateway:

* IIpwv 0 host v apyicel va kiveital, GTEAVEL Eva
106 onua {id(v), Start}

« Koatd tn oudpkela tng Kivnonc 10V, GTEAVEL
{id(v), Heart Beat} ava takta ypovikd
OlOG TN LOTO

* Otoav otapatnoel, otéAvel {id(v), Stop}

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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Kivrorn Tov mobile host

e Otav kamotog host u AdPet kot Tovg TPEC TOTOVG
TOV CNUATOV oo TOV KOUPO v, 0V KAVEL TiTOTE

* Edv o host u AdPet Start onjua, aALd ogv AdPet
Kkamowo Heart Beat 1 Stop onua, o cuvoecuog and
TOV U GTOV V EIVOL GTIOGULEVOC

* Edv o uAdPel Heart Beat, kou orjua Stop yopic
Start, 0 u €yglL Evav GOVOEGLO TPOG TOV V

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Avayvmotor evog veou Link

Avo TOTo1 KOUPwV ¥peACETAL VO VTTOAOYIGOVV
cava TV gateway KotocToGT] TOVC:

* O u, €av apyka NTav £voc non-gateway

e O1 KOOl YEITOVEC TOV U KU1 TOV V
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Avoyvmtoy evog veou Link

m—pew link

(a) non-gateway host u (b) gateway host u

Figure 5. Mobile host « recognizes new link {u, v}.
a. BEdv o u Bo udver mark tov eanto tov wg gateway, Ho eoptnbet
aTO TG OLVOECELG LETOED TOL V UL TWV YELTOVWY TOL U

b. O u4 unmarks tov sxvTO TOL OTAUY TO Ty vetat to uv link
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Avrtiotoryy dndinacia marking

1. O u aviyvedetl Eva vEO GOVOEGUO V, OVTOALAGEL TO
open neighbor set pe Toug yeitoveg Tov

2. Ortav AdPet to N(u), o gateway w kdvel unmark
TOV €0UTO TOV, EAV EIVOL KOIWVOC YEITOVOS TOV U, V

3. Ed&v o u givon gateway, oev kdvel timote

Eav 0 u givon non-gateway kot £yl 2 un-
GLVOEDEUEVOVC YEITOVEC, O U Kdavel mark tov
£00VTO TOVL

5. EoeoapuoCovue tov Rule 1 kot Rule 2

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Avayvmgror evog broken Link

Avo TOTo1 KOUPwV ¥peACETAL VO VTTOAOYIGOVV
cava TV gateway KotocToGT] TOVC:

* Ou, eav apyka NTav gateway

e O1 KOOl YEITOVEC TOV U KWL TOV V
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‘ Avayvmgror evog broken Link

- - - broken link

(a) non-gateway host u (b) gateway host u

Figure 9. Mobile host # recognizes broken link {u, v}.
a. Ot yelToveg ToL u elval OAOL GUVOEDEIEVOL AVE OLO, ETCL O U
TIOLOOLLEVEL

b. O u4 marks tov exvt0 TOL WG gateway

08/12/2005 TuRua Mnxavikwy H/Y, ThAsmikoivwviwy Kai AIKTuwy, MavemoTtipio Osooaliog



Avrtiotoryy dndinacia marking

1. O u aviyvevel 1o broken link wpoc tov v, Ko
avtaArdcel To N(u) pe Toug YeiToveG Tov

2.  Ed&v o u givon non-gateway, 0ev KAVEL TIMOTE.
Alopopetikd, o u Oa yiver unmark edv ot
YEITOVEG TOV €ivarl OAOT GLVOEOEUEVOL OVA OLO
(pairwise connected)

3. Ortav AdPer to N(u), o non-gateway yeitovog w
EavadmoAoyiCel Tn O1KN Tov gateway status edv
elvarl KOvOg YEITOVOS TV U KO V

4. EopapuoCovue tov Rule 1 ko Rule 2

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Extipmoy enidoong

* Mmnopel va gptidéet trivial CDS

e TTolvmhokotnta ypovov: O(A%)

 IToAvmhokotnto unvoudtmy: O(Av)
* Oy eyydmon 011 Ba Bpert to MCDS

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Enovextipnon g enidoong

08/12/2005

* IloAvmAokOTnTa ¥pOVOL UE YPNGCT TOV
OLO KAVOVMV: O(A)

 Tlolvmhoxdtnta unvopdtoyv : O(m)
omov m = |E(G)|

* Approximation factor: n/2
omov n = |V(Q)

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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A7no6¢etéy Tov approximation factor

¢ Q Q Q ¢ Q Q o P ¢ ¢ ? ¢ s
| | | | | | | | | |
| | | | | | | | | |
I I I I I I I | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| I | | | Lo I | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
O o O o oO——oO0—0 o0—0 O O O O O

(a) (b)

Fig. 3. Instance for which the CDS computed by Wu and Li’s algorithm consists
of all nodes but the MCDS consists of only two nodes.
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‘ O aryogptfpog twv P.-J. Wan et al.

08/12/2005 TuRua Mnxavikwy H/Y, ThAsmikoivwviwy Kai AIKTuwy, MavemoTtipio Osooaliog
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Katw ogto

Ocopnpuo:

>.€ asynchronous acvpuato ad hoc otktva
TV onoimv o unit-disk-graph eivail 0akTOAL0C,
0 ap1OUOC TOV Unvoudtov Tov Oa cTeilel
OTOLOGONTOTE KOTAVEUNUEVOC OAYOP1OLOC Y1
nontrivial CDS, &ivai tovAdyiotov (nlogn)
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AlyopiBpog

Amoteleiton otd OVO PAGELC:

1.

Katackeun tov Maximal Independent Set
(MIS)

2. Dominating Tree

08/12/2005

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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Koatooxeson too MIS

* Aegoouévo €va rooted spanning tree T

* Rank gvoc kouPov givon to ta&tvounuEvo
CeVYOC TOL EMTEOOL TOV Kol Tov ID T0V

» Ranking ownoikacia

* Color Marking

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



Awxdiracioe Ranking

Aoun:
1. KdaOe xopPog owatnpet 0vo tomkeg petaPAntes X, X,

- X; = # TOV YEITOVOV TOV OTOI®V T EMITEON 0LV £YOVV
avVOYVOPLGTEL akOua (apyIkd tval 0 # TV YEITOVOV)

- X, = # TOV TOOLDV TOL 0LV £X0VV AVOPEPEL AKOLLOL TNV
nepatmon (apykd eival o # TV TOUOLDV)

2. Kad&Be xouPog owatnpei o levelList

- AmoBnkevel ta enimeda TV YEITOVOV TOL (apyuKd eivon
KEVN)

3. KdaBe xopPoc oratnpet tnv tomikn petaPAntm y

- AmoOnkevel Tov apOuo towv lower-ranked yertoveov

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Awxdiracioe Ranking

e PiCa avakowvavel 1o eninedd g 0 pe
broadcasting evoc unvouatoc LEVEL

e Otoav AneBei Eva umvouo LEVEL:
— levelList =+ (sender’s level, sender’s rank)
— X,- -
* Edv sender = its parent 6to T 1071€
— 1ts level = sender’s level + 1
— Broadcast its LEVEL message
* Eavx,;=0
— y = # lower ranked yeitoveg

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Awxdiracioe Ranking

* Eav x,=0 xau its level 1s set

— Metaooon evoc unvopatoc LEVEL-COMPLETE ctov
TaTEPQL
— Edv eivon non-leaf:

* X,= # of children

— Ed&v gtvou root:
* X,= # of children

* Tepuoatiopog

e Otav Anedel uqvouo LEVEL-COMPLETE:

08/12/2005

— X2__

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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Awxbdiracioe Color Marking

e Apywd marked pe white ypopo

o Kd&Oe kopPoc owatnpet blackList (1ds of its black
neighbors)

« Root marks black, broadcasts BLACK message

e Otav Anedeil urvopua Eva unvopuo BLACK:
— blackList =+ sender’s ID
— Ed&v node = white
« Mark itself gray
* Broadcast GRAY message

e Otav Anedetl uivopua Eva unvopuo GRAY':
— Ed&v sender’s rank < its rank

» A white node decrements y by 1
« Ify =1 after update, marks itself black., broadcast BLACK message

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Awxbdiracioe Color Marking

* Otav &va @OAAO yiveton marked, otéAverl pnvoua
MARK-COMPLETE ctov natépa tov

* Otav AneBet Eva umvoua MARK-COMPLETE:
— X, -
— Eav x, = 0 xat not root:
e Mertaodioel pnvopua MARK-COMPLETE otov motépa tov
— Eav x, = 0 kot root:

* x,= # of its neighbors

* Tepuatiopodg

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Koataoxevn tov Dominating Tree T#

Aoun kdbe kouPov:
* Awatnpel po tomkn boolean z
— Apykd givon 0, tiBeton oto 1 €dv join T*

* Local variable parent

— AmoOnkevet ID of 1ts parent in T*, apyikd Kevn
* childrenList

— ID of 1ts children in T*, apyud kevn
Ewwd, n piCa oto T owotnpel tn petafAnt) root, ko
degree, apyucomoimnuévo oto 0
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Koataoxevn tov Dominating Tree T#

* Emiioyn wa piCagywoto T* and to T
* IIpoockdiece kOouPovg yia va evobovv oto T*

* O1internal kouPot tov T* oynuoatiCovv Eva
CDS

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Emhoyr oiog yio to T*

Baown 10éa: no piCa tov T* givon yeitovac g
piCog tov T wov €yet Tov ueyaAutePo aplOpd amod
black yeitovec

* PiCa tov T kavel broadcast &va unvouo QUERY

e Otav AneBet to uvoua QUERY::

— O kouPog petadidel 6Tov amocToOAEN EVOL UVL LA
REPORT mov mepiéyetl tov # tov black yeitdvmv

— Pia ehattover X, katd 1; Ofter degree ico pe #black
YELTOVOV €AV €lval peyaldtepn; OEtel root variable ico
LE ato To 1d.

* Eav x; =0, otéhvel pnvopa ROOT otov kopuPo
mov 1o 1d Tov €ival otV root variable

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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ITpooxinon xopfwv

* H piCa tov T* broadcasts unvoua INVITE2
e Otav AneBet to unvoua INVITE2

— Ed&v color=black, z=0 tote
e PMéoe Setz=1
e Parent = sender’s ID

* Metdooon JOIN unvouatog otov amocstoréa (sender)
* Broadcast uiqvopo INVITEI

e Otav Anedel unvoua INVITEI
— Edv color=gray, z=0 tote
e Qéoez=1
» Parent = sender’s ID

¢ Metdooon JOIN unviouatog 6tov amosTorEd
e Broadcast uiqvouo INVITE2

e Otav AneBet umvoua JOIN
— IIpocsOnkm tov sender’s ID otnv chidrenList
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Koataoxevn tov Dominating Tree T#

CDS = {12,0, 5,7, 2, 3}

08/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog

47



Avdivor smidoong

08/12/2005

Approximation factor <= &
[ToAvmAoxkotTnTa Apovovu: O(n)
[ToAvmthokotnta pnvoudtov: O(n*logn)
Nontrivial CDS
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‘ ITegteyopeva

08/12/2005

* Kwntd Ad Hoc oiktoa

— To npoPAnua twv Broadcast Storms

* MéBooot yia 100% kdAivyn (reliable 1
deterministic)

— Clustering o¢ ad hoc oitktva

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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Clustering ad hoc dixtva

* EmBounto va onuiovpyncovue pio apnpmnuevn
OOUN TTAV® OO TO OIKTLO, £TCL MOTE TOMIKEC
AAAOYEC VO LIV YPELACETAL VOL YIVOUV YVIOOTEG GE
OAO TO OIKTVLO

* Mg ypnrion vrooouwv mov A&yovtal clusters

* Clustering: n ol001K0Gi0 OPIGULOD AVTOV TOV
VTTOOOUMV LUEGO GE OAT] TNV TOTOAOYIO TOV
OIKTVOV

e O xoufor otakpivovton Ge:

— Clusterheads
— Gateways
— Ordinal nodes
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Amlot alyogptfpor clustering

e O17aA10TEPOL AAYOPIOUOL ETEAECOV TO
clusterhead pe Bdon:

— 1D

— 10 node degree

* ['evikevon avtov ue avddeon o kabe
KouPo evog Bapovc (weight)
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Distributed Clustering Algorithm -~
DCA (1/2)

« KdabBe xoupoc £yet éva ID kot Eva weight>0
* Agv uTApYOovVV 0VO OOt PAPT GTO OIKTLO
* X10y01 clustering

— Ka0O¢ ordinal kouPoc €xel wg yeitova tovAdyictov Eva
clusterhead

— KabO¢ ordinal kouPoc cvoyetiCetal pe Tov YEITOVIKO
clusterhead mov £yetl 10 peyalvtepo weight

— Avo clusterhead oev umopei va yertvialoov

* H tomoAloyia oev aAAACeL OGO EKTEAEITAL O
aAyop1Ouog
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DCA (2/2)

* (MoOvo) Avo unvouata:
— CH(v): Amooteldeton amo €va clusterhead v

— JOIN(u,t): Amroctéldeton amd €va ordinary
KOuPo u otav “umaivel” oto cluster tov
clusterhead t

o Tpeic (amAéc) OLHOTKOGIES:

— Init (start up)
— OnReceivingCH(v), OnReceivingJOIN(u,v)
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‘ ITapadstrypa DCA

Cluster 2

Cluster 1

49)
lusterhead | >
CLUSTErie l Tv\
5(8)

Cluster 3

clusterhead

I Step Il Step [1I Step [V Step V St
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IToAvnAoxotntae Tov DCA

BcwpnoTE TO:

« 1:V—>{1,2,3, ..., 2k}

e V =ocUvoro xOuPov, k = apOuoc tmv clusters

* IIpotaon: Kabe kouPoc v oto V 6télvel akpifaog
eva unvoua o€ 1(v) Pryuota

* IIoprwopa 1: n ToAVTAOKOTNTO UNVUUAT®OV TOV
DCA givon n =|V|

e IIopwopa 2: o DCA tepuatieton opfa 10 TOAD G€
2k Pyuata (V)
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ITaxpaderypa ad hoc 6ixtvov

MaUpoi képpor: clusterheads

Mavpec akpéc: ouvdéoeic
peTal Twy clusters

08/12/2005
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M6 dominating set

08/12/2005

Xpnon tov kouPwv evoc dominating set g
clusterheads

Avabétovue kB kOuPo 6’ ekeivo to cluster Tov
AVTIGTOLYEL GTNV KOPLPT] TOV KVPLUPYELTAV® TNC

Muikpog ap1Buog and clusterheads yia va
OTAOTTOL)GOVLLE TN OO TOV OIKTVOV

Q¢ Yv®GTO, 1 €0pECT TOL EAAYIoTOV dominating
set etvon NP-complete
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Connected dominating set

* 'Eva connected dominating set (CDS) gvog ypapnuoatog G
etvar éva dominating set Tov omoiov 1o induced ypaenpa

eIVl GUVOEOEUEVO

e Xpnoiuomoleitor E0KOAN Yo routing
UNVLOUATOV LETOED TMV clusters

« H eVpeon evdg eldyrlotov

CDS 1s NP-complete

O ap1Buoc tov clusters peydiog
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Weakly induced subgraph

« EAdttooon tov aptBuov tov clusters pe v
“yaAdpwon’’ TNG amoiTNGNE Y10, GUVOECUKOTNTA

* To vmoypaenua mov eival weakly induced amo 10
S(ScV) etvan to ypaopnua (S),=~(N [S], E 77 (N
[S] X9)).

e (S), meprhapuPdvel Tovg KOUPOLS TOL S Kot OAOVS TOVG
KOUPovg mov gtval YEITOVEC VTV MG GLVOAO KOUP®V
TOV (S),,

* Ot akpeg tov (S), stvar OAeg ot akpeg tov G, Tov
£XYOVV TOVAGYIGTOV TO £VO AKPO TOVG GTO S
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IToepad. weakly induced subgraph

2. OvoAo Koppwyv: pavupol Koppol

2.UvoAo akpWV: HavpeC YPAUUEC
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60



61

‘ Weakly-connected dominating set

* 'Eva vtosOvoAo kouPov S eival Eva
weakly-connected dominating set
(WCDS), €av to S etvon dominating
set Kal 1o (S),, EVOL GLVOEOEUEVO
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AlyoptBp. yio svgeor mxgod WCDS

o AlyoprOpor I ko II: Avo centralized
aAyoptOpuol

o AlyoprOpor III ko I'V: Distributed
vAOTOMGELS TOV aAyopiOumv I ko 11

* ALyoprOpocg V: Distributed Asynchronous
TPOGEYYLON
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AlyotBpog I (negidndn)

* Agoouévov evoc ypaopnuatoc G=(V,E), kdbe
Koupoc ocvoyetileton pe Eva ypopo. (White, gray, 1
black)

* 'O)Lot ot kOuPot apyikd eival white

e Y& KaOe emavainymn, o aAyoptouoc ypouotiCet
black é&vav white 1] gray kouPo kabng emiong
YPOUATICEL gray OAOVLC TOVLC YELITOVIKOVC TOV
KOupPovug

* X210 T€AOC, 01 black kouPor cuvietovv Eva weakly-
connected dominating set
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Ogoloyio: ) evvoia “piece”

* Piece avagepeTal o€ Lo ETUEPOVS VITOOOUT) TOV
YPOPNHLOTOG

« 'Eva white piece gival amAd
evog white koppog

* 'Eva black piece mepiéyet
évo maximal cOvolo amod
black xoupovg twv onoimwv 0 J
weakly induced vroypdenuo .
eIVl GLVOEOEUEVO GLV OTTO101 T
TPOGKEIUEVOL gray KOufot

Ta pieces onuatodouvral
pe dotted mepioxéc
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Ogoloyia: 1 evvola “improvement”

* To improvement evo¢ (non-black) koppov u

08/12/2005

etval 0 oplduoc Tov pieces mov Oa
cuvevavoviay o€ Eva Lovo black piece edv
0 u ypouatTiCotav black

2TO TEAELTOUO TTOPAOELYLLOL, Y POUOATILOVTOG
tov KOpuPo 5 black Oa cuvévove 4 pieces,
evo ypouatiCovrog black tov xkoupo 4 Oa
GLVEVOVE 3 pleces

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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AlyoBpog I (Aentopéoeteq)

e X€ KAOE emavaAN Y, 0 aAyOp1OUOC EMAEYEL
eva Lovo white 1 gray kouf3o yo va
ypouaticel black

* H emAoyn yiveton pe drAnoto tpomo: a
EMAEYETOL O KOUPOC HE TO PEYAADTEPO
Improvement

o Méyptva amoueivel LOvVo €va piece
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ApXIKa oAol ol koppoi eivai white
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TTpwTtn gmavaAnyn
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AeUtepn emavaAnyn
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TpiTnh emavaAnyn
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TérapTn emavaAnyn
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TeAsUTala enavaAnqm
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Eni6oon 1o WCDS

* To p€yeboc Tov weakly-connected

dominating set mov oynuatiCetal amxd Tov
AlyopiOuo I eivatl to moAv (InA+1) [OPT)]

* OPT ovuPorilel to ehdytoto pueyebog tov
weakly-connected dominating set yio tov G

* A ovpPoArilel o peyioto Pabuo tov G
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AlyopiBpog I1

e O alyop1Opog Cexiva pe TNV ETAOYT EVOC TLYOLOV
KouPov tov G yuo va tov ypouaticel black

e XTI EMOUEVEG EMAVAAYELS, EMAEYETOL VL
ypouatiotel black o vmoyneroc kouPoc pe tov
ueyorvtepo ap1Oud white kouPwv oty yertovid
TOV

* To uéyeboc tov weakly-connected dominating set
etval to woAv (IgA+2) (OPT)|
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AlyoptBpor IIT »o IV

e >¢ ad hoc oiktvo, 0 mobile host ogv
Yvopilel TN OoUT] TOV OIKTVOL TTEPU OO TN
YELTOVLA TNG

 Distributed exoocelg twv AAyopiOuwv I
Ko 11

* ECakoAov00o0V va elval KANPOVOLLKA
aKoAOLO10KOL, PO LOVO £vac KOUPBOG
umopel va ypopotiotel black ce kdbe
ETOVOANYT
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AlyopiBpog V
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[TANpw¢ distributed mtpocéyyion
Enéxtaon moAloamAmv black pieces mapaAinia

2 KABe emavaAnyn, kdbe piece vtoAoyiCel TOVC
OLKOVC TNC VITOYT(PLOVG

‘Evog vroynelog kouPoc Ntav gite gray kouPoc 1

white kouPog mpookeipevog o€ kdmolo gray koupo
Kd&0e piece emAeyel amd TOLC OUKOVE TNG
VTOYNPLOVE KOUPBOVES TOV VTOYN PO LE TN
HEYOAVTEPT Improvement Ko TOV ¥pOUOTICEL
black kaBm¢ ko Tovg yeitoveg Tovg gray
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TTpwTtn gmavaAnyn
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AeUtepn emavaiAnyn
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