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| IotooeAibo Tov podnpoatog
« http://skyblue.csd.auth.gr/~dimitris/courses/mpc_fall05.htm

« http://skyblue.csd.auth.gr/~dimitris/courses/mpc_fall05/
— books/
— lectures/
— papers/
— proj_papers/
— present_papers/

* TomoBeTovvTaL Ol SLUPAVELEG TOV ETOUEVOL LOOTHOTOG

* TomoBerovvtar Ta research papers mov avTioToYOLV 6€ KGO
Sureln. Ta onpavtikd pe npdbepo MUST_BE_READ
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| ITegieyopeva

* Kwnta Ad Hoc diktova
— To np6PpAnua twv Broadcast Storms
* M£0ooot yua 100% waivyn (reliable 1

deterministic)
— Connected dominating set (CDS)

— Clustering o¢ ad hoc diktova
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| Eoaywyus

* Agv vmapyel otabepn) vrodoun

 Tleplopiopévn evépyeta

* H dpoporoynon (routing) amoutel ypryopn
oVYKMOoN Kot JKpn enapoven oe
EMKOWVOViL

o I'pryyopn mpocapuroyn otig oAAayEG TIg
TomoAoyiog
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| Kvpixpyo a0voro (Dominating Set-DS)

Opopog:
Eivar éva vrocvvoro tov kOpBwv t€to10 Mote Kabe kouPog gite
AVIKEL 6T0 VTOGLVOLO aTo gite givar Tpookeipevos (adjacent)
G€ TOLAAYLOTOV £vav amd TOLG KOUPOLG AVTOV TOV VTOGVVOAOL.

H%J%J

@ : I OXI
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| Zovdedepévo Kugingyo abvolro
(Connected Dominating Set - CDS)

Opwopog:

Etvou éva DS tov ypagnpatog, T€1010 GGTE T0 VTOYPAEN Lo TOV
avtiototyel oto DS va givar cuvdedepévo.

gl g

‘OXI CDS
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E\avytoto nvpiagyo odvoro (Min
Connected Dominating Set - MCDS)

* To MCDS givat éva. CDS, té1010 dote var £xet T0 eELdyioto
péyebog (dnA., 10 pkpdTEPO Ap1Opd KOUPV)

‘OXI MCDS
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IToAvmhoxotnTeg

* H gvpeomn tov MCDS oviiket oty kAdon
mpopAnudrwv NP-complete, 6tav £xovpe TAnpn
(global) yvéon 6Ang tng TomoA0YioG TOV S1KTHOV

* Agv pmopovyie va vobécovple 0Tt kébe KOUPOG
yvopilet 6Ao 1o diktvo. o vo copPei avtd Oa
npémnel va avtarlhayodv O(n?) umvopota!
ATOyopeLTIKO KOGTOG EMKOWVOVIONG

* Xpewlopoote Tomucovg (localized) aiyopiOpovg

o An\., xatavepnuéveg (distributed) npooeyyioeig
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Localized alyogtBpot

o ® * k-hop mAnpogopia
— AvakoAvmTetat LeTd and
k yopovg amd
(@) avtaAlayég Hello
unvopdtov
— TomoAoyia Ko GAleg
TANpoPopies
1-hop nAnpogopia —Xvmbock=1,2,713
2-hop nAnpogopia « Svoodpevon
TAnpopopiag vs.
Atdyvon TAnpopopiog
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Alyopifpog twv Wu & Li

* Awdwkacio Mapkapioparog (marking)
— I'o. v gvpeom Tov CDS

* Auwyvoupe (prune) Tovg TAEOVALOVTEG
(redundant) kopPovg amd to CDS

— ' va ehattdoovie To péyedog Tov
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Awxdiraoia Magraiopotog

* Opiloupe éva diktvo wg éva ypaenuo G = (V,E)

e T xopPo v: N(v) etvar 1o “avorytd” chvoro tev
Yerrdvav tov dnA., 6Aot ot 1-hop yeitoveg Tov v

* BHMA 1: Apykd, 6Aot ot kdppot efvon unmarked

* BHMA 2: Kd&0¢e k6pog v avtaAldcel 1o GHVOLO TV
yerrdvov tov N(V) pe 6Aovg Toug Yeitovég TOv

* BHMA 3: Mark v &@v vapyovv TovAdyiotov 2 un-
cuvdedepévor (Leta&d Toug) yeitoveg

IToedderypo

MeTa 1o Brjpa 2:
A: N(B), N(D)

B: N(A), N(C), N(D)
C: N(B), N(E)

D: N(A), N(B)

E: N(C)

To “avoiXTo oUvoAo YEITOVWV”
OAWV TV KOHBWV:

N(@) = {BD}

N(B) = {A,C.D}

N(© = {B,E}

ND) = {A, B}

N(B) = {C}
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Avaivon dradiraaiong Mapxa@iopatog

Ozopnpo:
Agdopévov evog G = (V,E) 10 omoio eivar
GUVOESEUEVO, OALG Ol TANP®G GLUVIESELLEVO,
TO VTOGUVOLO TV KOPLPDV V’, OV
mapdyeton and v dadikacio marking,
oymuariletr éva dominating set tov G.
Am6oedn:
2t StbAeén. pl
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Avdaivon dradiraaiong Maexa@iopatog

BOsdpnpo:
To ghottopévo ypaenua G’ =G -V’
glvar cLVOEdEUEVO.

Anéoaln:
21 o1dhedn. ._1

Me Bdomn ta dvo avtd Bempnpata, N
dwdwkacio making wapdyetl éva CDS
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Anomopnyn, Theovaloviwy xopBwy
ano 1o CDS

* AvoBétovpe éva dtakpio id, id(v) oe k@be koppo v e G
* Opilovpe 10 N[V] 00G 10 “KAELGTO” GUVOAO TOV YEITOVOV
(closed neighbor set) Tov v, dnA., coprephopfdveton

KOLO V.
* Rule 1: E&etdlet dvo koppouvs v kot u oto G’.
Eév N[v] < N[u], and id(v) < id(u), unmark v.
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Anomopnyn, mheovaloviwy xopBwv
a6 To CDS

* Rule 2: Yno0éote 611 u kou w givat dvo
marked yeitoveg tov marked kdépfov v oto G’.
Eav N(v) < N(u) U N(w) gto G Ko 1oy0et 0Tt
id(v) = min{id(v), id(u), id(w)}, Téte unmark
Tov kopfo v.

u v W
08/12/2005 Tuiua Mxavikioy HIY, ToAemikovwviiy kai Aikrowy, Mavemgaripio @cggaiag

ITxeddetypo adlyopibpov Wu & Li

(@) Example graph

(b) Marked gateways without applying rules

(¢) Marked gueways by applying Rule | (d) Marked gateways by zpplying Rule 2
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Evnpéoworn/Enavoroloyiopog CDS

Tomoloykég ahdayég Tov acvppatov ad hoc
dwctoov g&artiog:

* Evepyomoinon (switch on) Tov mobile host

* Amevepyonoinon (switch off) tov mobile host
+ Kivnon tov mobile host
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Mobile host’s switch on

* Ortav o k6pPog v switches on, puoévo ot non-gateway
YEITOVEG TOV TIPEMEL VAL EVILLEPMDGOVY TNV KATACTACH

TOLG
_— new link
.’ wl /":"“—-—7_“'" ._:
K -
(a) gateway neighbor u {b} non-gateway neighbor w
08/12/2005 Tpua Mnxavikiv H/Y, ThAeTikovwviwy Kal AikTowy, lMavemoTiuio Osooalia
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Avrtiotoryn Swdiaoioc marking

1. O ko6pPog v broadcasts otovg yeitovég Tov 0TL O
o106 givon switch on

2. KaBe host w € v U N(V) avtoAAGGEL TO S1KO
Tov open neighbor set N(w) e Tovg yeitovég
)

3. Mark tov k6ppo v ebv vdpyovv 2 pn-
ouvdedepévol yeitoveg

4. Mark kd0e non-gateway w € N(v) edv €yt 2
UN-0LVOESEUEVOLG YEITOVEG

5. Eeapuolovpe tov Rule 1 kot Rule 2
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Mobile host’s switch off

* Moévo o gateway yeitoveg tov switched off host
xpewdletor vo avabewpnoovy TV KaTdoToo TOVG

-= = broken link

() non-gateway neighbor w (b) gateway neighbor u
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Avtiotoryn Swdiraoioc marking

1. O xoppog v broadcasts otovg yeitovég Tov 0TL 0
id106 Oo. yiver switch off

2. KdBe gateway yeitovog mov avikel 6to N(V)
avtoAhdoet To k6 Tov open neighbors set e
TOVG YeiTOVEG TOV

3. Unmark gateway eév 6Aot ot yeitoveg eivor
cuvdedepévol ava dvo (pairwise connected)
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Kivnor tov mobile host

INo vo ouyypoviotel n kiviion tov mobile host pe
TG EVNLEPDGELS TOV gateway:

* TIpw o host v apyicet va Kwveitol, otéAvel Eva
€101k6 onua {id(v), Start}

* Katd m Sidpketa g kivnomng tov, oTélvet
{id(v), Heart_Beat} avé toxtd ypovuch
SwoTipato

* Otov otapatnost, otédvel {id(v), Stop}
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Kivnor tov mobile host

* Otav kdnotog host u Adfet Kot TovG TPES TOTOVG
TOV GNUATOV 076 ToV KOuPo v, dgv Kdvel Timote

* Edv o host u Adfer Start orjua, alrd dev AdPet
kamolo Heart Beat 1 Stop ofjpa, 0 cOvdeopog ond
TOV U GTOV V £IVOL GTOGUEVOG

* Ed&v o uAépet Heart Beat, kot ofjua Stop yopic
Start, 0 u €yl évav GOVOEGHO TPOG TOV V
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Avayvmron evog véov Link

Avo tomotl KOuPmv yperaletatl va vroloyicovy
Eavd v gateway KATACTOCT TOVC:

* Ou, edv apywd fTav €vog non-gateway

* Ot Kotvot yelToveg TOL U KoL TOV V
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Avayvegror evog véou Link

= new link

-

ul .’

{a} non-gateway host u (b} gateway host u

Figure 8. Mohile host it recognines new link Jer. o,
a. Edv o u 0o xdver mark tov eawtd tov we gateway, 0o efoptn et
anO TG GLVOLCELS UETAED TOL V' 1AL TWY YELTOVWY TOL U

b. O u4 unmarks tov eavtd 0L OTAY TO PuAYVETaL TO uv link
08/12/2005 T u a Mu‘awkmv H/Y, TuAEnlxmvmvlﬁ)v Kal AIKTOWV, I'IuvtTntnu' 10 Bic'o'm\ins

Avrtiotorym Swdiaoioc marking

1. O u aviyveder éva véo ohVOESHO V, AVTOAAAGEL TO
open neighbor set e Tovg Yeitovég TOV

2. Ortav AdPet To N(u), o gateway w kdvet unmark
TOV €00TO TOV, €4V elvan KOOGS YeiTovas TV u, v

3. Eav o u givaw gateway, dgv kdvel timote

Edv o u givor non-gateway ko €yet 2 un-
oLVOEdEUEVOVG YEiTOVES, O U Kével mark Tov
£00TO TOV

5. Egapupolovpe tov Rule 1 kot Rule 2
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Avayvmgron evog broken Link

Avo tomotl KOuPmv yperaletatl va vroloyicovy
Eavd v gateway KATACTOCT TOVC:

* Ou, eav apywd tay gateway

* Ot Kotvot yelToveg TOL U KoL TOV V
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Avayvmgron evog broken Link

= == broken link

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

Figure 9. Mobile host & recognizes broken link fer, v].
a. O yeitoveg tov u eivar OAot ouvdedepévor ava dvo, étot o u
TOQAUUEVEL

b. O u4 marks tov exvt6 10V WG gateway
08/12/2005 T u a Mu‘avlkdjv H/Y, TuAEWIKmeVILﬁ)V Kal AIKTOWV, nuvt‘mdvﬂ 10 Biccm\iﬂs
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Avrtiotorym Swdiaoioc marking

1. O u aviyveder To broken link mpog tov v, Kot
avtadrdoet To N(u) pe tovg yeitovég Tov

2. Edv o u eivor non-gateway, dgv KAveL TImOTE.
Awpopetid, o u Oa yiver unmark gév ot
yeitovég tov givar OAotl cuvdedepévol avd dvo
(pairwise connected)

3. Otov AdPet to N(u), o non-gateway yeitovog w
Eavabmoroyilel Tn O1kr| TOL gateway status edv
glvon kowvdg yeitovog TV u Kot v

4. Eoeapudovpe tov Rule 1 kot Rule 2
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Extipmon enidoong

* Mmopei va gptidéer trivial CDS

* TMolvmhokdnTo YpodvoL: O(AY)

* [Moivmhoxdtto unvopdtmv: O(Av)
* Oy eyydnon o1t Oa Bper to MCDS
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Enavextipnon g enidoong
* [TohvmhoxdtnTo xpdvoL pe xpron Temv
dvo kavovav: O(A')
¢ TTolvmhokdtnto punvopdtmv : G(m)
omov m = [E(G)|
* Approximation factor: n/2
omov n = [V(G)|
08/12/2005 T u a Mu‘awkmv H/Y, Tuhinlxmvmvlﬁ)v Kal AIKTOWV, I'IuvtTntnn' 10 Biccm\ius
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A7odeién Tov approximation factor

Fig. 3. Instance for which the CDS computed by Wo and Li's algorithm consists
of all nodes but the MCDS consists of only two nodes,
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hd hd hd A hd L4 b hd b A
I ] | 1 | 1 | 1 1 1
I I | 1 | I | 1 1 1
I I I 1 I I I 1 1 1
| I | 1 | I | 1 1 1
I ] I 1 1 I I 1 1 1
| I | 1 | I | 1 1 1
1 1 1 1 1 15 1 1 1 1 1
| I | 1 | I | 1 1 1
I I I 1 1 1 I 1 1 1
I ] I 1 1 I I 1 1 1
I I | 1 | I | 1 1 1
I ] I 1 1 I I 1 1 1
I I | 1 | I | 1 1 1
I I | 1 | I | 1 1 1
o—0—O—O0—O—O—0 ——O—O0—0 O 0
(a1) (b)
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O alyopBpog Twv P.-J. Wan et al.
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Katw ogto

Oeodpnpa:

X¢ asynchronous acVppoata ad hoc diktva
TV onoiwv o unit-disk-graph givot daktoiiog,
0 opBpdc TV unvupdtmv mov Bo oteilet
0TOL0GONTOTE KOTAVEUNUEVOS AAYOPIOLOG Y10,
nontrivial CDS, &ivat tovhdyotov Q(nlogn)
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A)yoiBpog

Amoteleital amd dvo PAoels:

1. Koraokevn tov Maximal Independent Set
(MIS)

2. Dominating Tree

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Kataoxeoy too MIS

» Agdopévo éva rooted spanning tree T

» Rank gvog kopfov eivat to Ta&vounuévo
Cevyog tov emmédov Tov Kot Tov ID Tov

* Ranking Swadwacio
* Color Marking
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Awdiraoia Ranking

Aopn:
1. Ka0e kopPog dratnpet dvo tomikés petafintés x,, X,

- X, =# 10V yertdvev 1oV omoimv ta enineda dev Exovv
avayvoptotet akopa (apytkd eivat o # Tav yeltdvov)

- X, =# TV TS0V TOv JeV EYOVV AVOPEPEL OKOpA TV
mepaton (apykd eivat o # Tmv Todmv)

2. KdBe koppocg drutnpei pia levelList
- Amobnkevel 1a enineda TV yertdvov Tov (apyikd givor
KevN)
3. KaBe koppog dotnpel v tomkn petafint y
- AmobOnievet Tov apbud twv lower-ranked yertdvov

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Awdiraoia Ranking

* Pio avaxowavet to eninedd g 0 pe
broadcasting gvog umvopatog LEVEL
* Otov AneBei évo unvopo LEVEL:
— levelList =+ (sender’s level, sender’s rank)
- x,--
» Edv sender = its parent oto T t01¢
— its level = sender’s level + 1
— Broadcast its LEVEL message
* Eavx,=0
— y = # lower ranked yeitoveg

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Awdiraoia Ranking

* Edv x,=0 ko its level is set
— Metadoon evog unvopatog LEVEL-COMPLETE otov
ToTéPQL
— Edv eivou non-leaf:
 x,=# of children

— Edv etvon root:
* X,= # of children
* Teppatiopog

* Otov Mnoebet prvopo LEVEL-COMPLETE:

— Xy~ -
08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Awdiraocia Color Marking

*  Apywé marked pe white ypodpo
» Kabe xoppog dwatnpet blackList (ids of its black
neighbors)
* Root marks black, broadcasts BLACK message
* Otav Anebei pivopa éva pivopo BLACK:
— blackList =+ sender’s ID
— Edv node = white
* Mark itself gray
« Broadcast GRAY message
* Otav Anebei pvopa éva pvopo GRAY:
— Edv sender’s rank < its rank
« A white node decrements y by 1
« If y =1 after update, marks itself black., broadcast BLACK message
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Awdiraoia Color Marking

* Otov éva OALO yiveton marked, otélvetl pvopa
MARK-COMPLETE octov natépa Tov

* Otov MnoeBet évo pnvopa MARK-COMPLETE:
— Xy -
— Eéwv x, = 0 ka1 not root:
* Metadider uvope MARK-COMPLETE otov notépa tov
— Edv x, = 0 kot root:
« x,= # of its neighbors
o Teppatiopog

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Kataoxevy) Tov Dominating Tree T*

Aopn kd0g képPov:
* Awtnpei po tomikn boolean z
— Apywd givan 0, tifetat oto 1 eav join T*

* Local variable parent
— AmobBnkevet ID of its parent in T*, apyikd kevi
¢ childrenList
— ID of'its children in T*, apyucd kevn
Ewwa, n piCo oto T dotnpel ™ petafint root, kot
degree, apywomompévo oto 0
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Kataoxevy) Tov Dominating Tree T*

* Emvoyn pia piCog yro to T* and to T
* IIpookdiece kOpUPovg yia vo evobodv oto T*

* Otinternal koppot tov T* oynuotifovv éva
CDS
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Emloyn oilug yro To T*

Baoua wéa: o piCa tov T* givon yeitovag g
piCag tov T mov €yl Tov peyordtepo optBud and
black yeitoveg

* PiCo tov T kdvet broadcast éva pnvopo QUERY

* Otov Anedei to pvopo QUERY:

— O xépPog petodidel 6Tov anocTorEN EVoL (VOO
REPORT nov nepiéyet tov # 1ov black yertdvov

— PiCa ehattdver X, katd 1; Oétel degree ico pe #black
yerrdvev edv eivar peyadvtepn; O£tel root variable ico
pe ovtd o id.

* Edv x, = 0, otéhver pfivopo ROOT otov k6pBo
mov 7o id Tov givar oty root variable

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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ITeooxinoy xoppwy

* H pifa tov T* broadcasts uivopo INVITE2
e Otov Anebet to pvopo INVITE2

— Edv color=black, z=0 t61¢
* Bfoe Setz=1
« Parent = sender’s ID
* Metddoon JOIN pnvopotog otov amootoréa (sender)
« Broadcast pivopo INVITEI

e Otov AneBet pvopa INVITE]
— Eav color=gray, z=0 16t¢
¢ Oéoez=1
« Parent = sender’s ID
* Metddoon JOIN pnvopotog 6Ttov omoctorén
« Broadcast pivopa INVITE2
e Otov Anebet pivopa JOIN
— IIpocHnikn tov sender’s ID oty chidrenList

08/12/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kot Awrdwy, Mavemotiuo Osogahiag

Kataoxevy) Tov Dominating Tree T*

08/12/2005 Tprua Mnxavikiov HIY, THAETIKovwvIGy kai AikTowy, MavemoTipio Osogai

Avdivon emidoong

» Approximation factor <=8

* [ToAvmhokdtnra xpoévov: O(n)

* [ToAvmhokdtnra unvopdtov: O(n*logn)
* Nontrivial CDS

08/12/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kat Awrdwy, Mavemotiuio Osogahiag
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ITegieyopeva

* Kwntd Ad Hoc diktoa
— To mpopinpa tov Broadcast Storms
* Mébodot yi 100% wéhoyn (reliable §
deterministic)

— Clustering o¢ ad hoc diktva
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Clustering ad hoc &ixtox

* EmBopntd va dnpovpynoovpie pio apnpnpévn
dopn méve amd To JiKTLOo, £TCL MOTE TOMIKEG
aAlay€g vo pv ypetdletor va yivouv yvooTég o€
60 10 diKTLO

* Me ypron vodopmv mov Aéyovtan clusters

* Clustering: n dadkaoio 0poHOD AVTOV TOV
VIOdOUMV HEGO 68 OAN TNV TOTOAOYiO TOV
StkTvov

o O képPor drakpivovrar og:

— Clusterheads
— Gateways
— Ordinal nodes

50
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Am)ot ahyoptOpor clustering

* O1maMdTtepoL alyOpOpotl emérelay Ta
clusterhead pe Baon:
- 1D
— 10 node degree

* I'evikevon avtov pe avabeon oe kdbe
KOUPo evog PBapoug (weight)
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'Distributed Clustering Algorithm -
DCA (1/2)

* Kabe koppog €xet éva ID kot éva weight>0
* Agv vmdpyovv 6vo opota apn 6o dikTvo

* Xt6yot clustering

— Kabe ordinal kopfog éxer g yeitova tovkdyiotov éva
clusterhead

— Kabe ordinal k6pfog cvoyetiletal pe TOV YELTOVIKO
clusterhead mov éyel to peyakvtepo weight

— Avo clusterhead dev pumopei va yertvidaloov
* H tonoloyia dev aArGlel 660 ekteleitar o
olyopBpog
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'DCA (2/2)

* (Mévo) Avo unvoporo:
— CH(v): Amootéleton and éva clusterhead v
— JOIN(u,t): Atootéletar amd éva, ordinary
KkopPo u otav “praiver” oto cluster Tov
clusterhead t
» Tpeig (amhéc) d1ad1Kacies:
— Init (start up)
— OnReceivingCH(v), OnReceivingJ OIN(u,v)
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| IMxedaderypo DCA

Cluster 2
Cluster 1

clusterhead

Cluster 3

I Sten IT Sten 11 Sten IV Sten V St

08/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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ITolvmhoxotnta Tov DCA

Bcwpnote to:

« 1: V- {1,23,...,2k}

* V = cbvoro kopPav, k = apiBuog tov clusters

* MpoéTaon: Kabe kopPog v oto V otélvel akpifirg
éva pnvopa og 1(v) Pripato

* [épropa 1: ) TOAVTAOKOTITO UIVOLATOV TOV
DCA givorn =|V|

* [épwopa 2: o DCA teppatileton opbd to mohd oe
2k Priporta (V)
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ITxeddetypx ad hoc dixtvov

Maupor képpor: clusterheads

MaUpec akpég: ouvdéoeic
ueTafl Twy clusters
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Muxoo dominating set

* Xpnon tov koufwv evoc dominating set wg
clusterheads

* Avabétovpe kdbe kopPo 6° exeivo To cluster mov
OVTIOTOLYEL GTNV KOPLPT TOV KLPLOPYEITAV® TNG

* Muwkpog apBpodc amd clusterheads yio va
OTAOTIOMGOLLLE T1) Soun TOV SIKTVOL

* Q¢ yvmotd, N gbpeon Tov gAdyiotov dominating
set eivan NP-complete

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Connected dominating set

* "Eva connected dominating set (CDS) evog ypaenpatog G
eivon éva dominating set Tov omoiov to induced ypaenpa
givar ovvdedepévo

* Xpnowlomoteitat evkoia yio routing
pmvopdtov peta&d tov clusters

* H gvpeomn evog erdyioTov
CDS is NP-complete

¢ O apBpdg tov clusters peydiog
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Weakly induced subgraph

* EXdttoon tov apdpov tov clusters pe v
“yoddpmon” e anaitnong yio GLVOEGIKOTNTO

¢ To vroyphonua mov givor weakly induced ond to
S(ScV) eivan to ypaenua (Sy,=(N [S], E 77 (N
[S] XS)).

e (S)y mepthapPdvet Tovg KOBOVG TOV S Kot GAOVG TOVG
KkOpPovg mov givart yeitoves avtdv mg cHvoro KOUP@V
0V (S),,

* Ot oxpég ov (S),, elvar OAeg ot akpég tov G, mov
£XOVV TOLAGYLGTOV TO €va (IKPO TOVG GTO S

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

60

ITxedd. weakly induced subgraph

2 UvoAo KOUPwWV: pavpot KopPol

2 UVOAO aKUWV: HAUPEG YPAUUES

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Weakly-connected dominating set

* "'Eva vtoctvoro kouPov S givar Eva
weakly-connected dominating set
(WCDS), €dv to S eivar dominating
set kot 1o (S),, etvan cuvdedepévo

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

62

AdyopiBp. yx edpeon pxgod WCDS

o AhyopOpot I ko II: Avo centralized
adyopOpot

* AkyoprOpon III ko I'V: Distributed
vAomomoelg TV oAyopiBuwy I ko 1T

* AlhyopOpog V: Distributed Asynchronous
TPOGEYYIoN
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ANyo0Bpog I (nepidndn)

* Agdopévov evog ypoonpotog G=(V,E), kabe
KkOpPog cuoyetiCeton pe éva ypopa (White, gray, i
black)

* ‘O)ot ot kOpPot apyucd eivon white

o Xg k@O emovainyn, o alyopbpog ypopatilet
black évav white 1 gray koppo kobag eniong
xpouoatifel gray 0Aovg TOVG YEITOVIKOVS TOV
KopPovg

* X170 téA0g, o1 black koppotl cuvicTtovv éva weakly-
connected dominating set

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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Ogoloyia: 1 evvowx “piece”

* Piece avagépeTar o€ o ETYUEPOVG VITOSOUT] TOV
YPAPHHATOS

» "Evo white piece givor anAd
évag white koppog

* ‘Evo black piece mepiéyet
éva maximal cOvoro amd
black kopupovg tov omoiwv to
weakly induced vroypdonua
givat ouvdedepévo ouv dmotot
mpookeipevol gray KopBot

Ta pieces onuatodolvTai
ue dotted meploxég
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Ogoloyia: 1 évvolx “improvement”

* To improvement gvédg (non-black) képfov u
glval o ap1Bpog Tov pieces mov Ha
cuvevavovtav og éva uovo black piece edv
o u ypouatilotav black

* Y10 teAevTOio TOPAdEYLLO, YpopaTilOVTaG
tov kopPo 5 black Oa cuvévave 4 pieces,
eva ypopatifovrag black tov kopfo 4 Oa
ouvévave 3 pieces
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Alyo0Bpog I (Aentopipeteg)

* X KaBe emavainym, o aAyopOog emAEYEL
éva povo white 1 gray koo yo va
ypouaticel black

* H emoyn yivetou pe aninoto tpémo: a
emAEyeTaL 0 KOUPOG LE TO LEYOADTEPO
improvement

* Méypt va amopgivel povo éva piece

08/12/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kat Awrdwy, Mavemotiuio Osogahiag
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ApXIKa 6Aol o1 koppoi cival white

TTpwTn emavaAnyn
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Acltepn emavaAnyn

70

Tpitn emavaAnyn

24



25



TeAeutaia emavaAnyn

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Enidoor too WCDS

* To péyebog tov weakly-connected
dominating set mov oynpatiletot omd Tov
AlyopOpo I givar to oAb (InA+1) |OPT]

* OPT ocvppoAilet o ehdytoto péyebog tov
weakly-connected dominating set yio tov G

* A ovppohilet to péyioto Pabuod tov G
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AlyooiBpog 11

e O akyopBpog Eexva pe v emAoyT vOg TUYOiOV
koppov tov G yia va tov ypopoticst black

o XTIG EMOUEVES EMAVAAYELS, EMAEYETOL VOL
xpouatiotei black o vroymelog kOUPog e Tov
peyaAvtepo aplBpd white kOpPmv oty yeitovid
0V

* To péyebog tov weakly-connected dominating set
glvar to moAv (IgA+2) |OPT)|

08/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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A)lyooibpor IIT ot IV

» Y¢ ad hoc diktva, o mobile host dev
yvopilet T doun Tov SIKTOLOL TEPO, AT TN
YELTOVIAL TNG

* Distributed gkdoogig tov AhyopiOuwv 1
o 1T

* E&akolovBolv va glvat KAnpovopka
akolovBiakoi, apovd Povo Evag KOuPog
umopel va ypouariotel black og kébe
EMOVAANYT

08/12/2005 Tpripo Mxavikiy HIY, ToAemikovwviiy kot Awrdwy, Mavemotiuo Osogahiag

Alyooibpog V

o [M\pog distributed Tpocéyyion
» Enéktoon moAlamAov black pieces mapdAinio

o Xg k@O emovainyn, kaOe piece vroroyilet Tovg
S1K0HE TG LITOYNPLOVG

* "Evag vroynoetog koppoc ftav gite gray kOuPog

» Kdé0e piece emiéyet and tovg dtkode g
VIOYNPLOVG KOUPOVS TOV VIOYHPLO LLE T
peyaATepT improvement Kot Tov ypopotilel
black kabmg ko Tovg yeitovég Tovg gray
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white kOppog Tpookeillevog og Kamolo gray KOpupo

80

TTpwTn emavaAnyn
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