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‘ IIegteyopeva

« 'Elgyyog Tormoroyiog ce MANETS
— Ewoayoym
— Relative Neighborhood Graph (RNG)
— Gabriel Graph (GG)
— Localized Minimum Spanning Tree (LMST)
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‘ I'att edeyyo Tomoroyiog? (1/3)

* Yynin nopeuBoin
* Yynin Kkotovaimon
EVEPYELOC

* H 1oy0¢ ueyodmvel
TETPOYOVIKA UE TNV
ATOGTOON

* XaunAo throughput
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‘ Ittt edeyyo tomoroyiag? (2/3)

e [TiBavn owouEpion
TOV OLKTVUOV
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‘ Ittt edeyyo tomoroyiag? (3/3)

e Olikn (Global)
GUVOEGIUOTNTO Y10 TO
OIKTLO

e Mikpn mopeuoin

o XounAn KotovaAmon
EVEPYELOG

* YynAo throughput
(AMyoteEpPOC
GLVAYOVIGUOC Y10 TO
KOvaA)
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Amhovotego povrero: Unit Disk
Graphs (UDG)

OAol o1 UEV €xouv TNV id1a euPeAeia eknopunnc: unit disk
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Minimum Spanning Tree (MST)

e Etvar vmoypapnua tov MANET ypaenuoatog
* Eivou cuvoeoenevo
o TleprEyer 6Aovg Tovg kKOuPBovg
e To UNKOC TOV AKU®OV TOV EIVOL TO EAGYLIOTO
« Koartaokevdleton pe Kruskal (Prim), ¢ e€nc:
— Ot aKUEC TASIVOLOVVTOL UE AVEOV UNKOC
— E&etalovtal pe avtn ) oepa

— Ed&v n mpocOnkn kdmolac akpung oev mapdyel KOKAO, TOTE
wpootifetal, aAMmc e€etdlovue TNV EMOUEVT

* Aegv givar localized! Kot dpa 0y distributed, ektog
Ko €av pTidcm distributed version tov centralized
aAyopiOuov
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H 614p0pwon tov mewtoxoiiov

* H egxtéleon tov tpwtokOALov LMST
amoPTICETAL TPELC PAGELC:
— AvtoAdoyn) TANPOPOPLOV
— Koartaokevn tomoroyiog
— IIpoGo10ptondC TG 16 DME LETAUOOCEMG

* Kol (Lo TPOoaIPETIKT pAon PeATicTomoinGNC)
Kataokeun g tomoAoyiac pe bidirectional links

OEQPHMA. To MST gvog UDG eivar vwoypaonua tov LMST.
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Ogtopol

* [Oparol 1 uoikol yeitoves] Ot opatotl
veitovec Tov kouPov u € N gtvar OAot ot 1-
hop yeitoveg 1oV U OTOV OWVTOC EKTEUTEL LLE
TNV LUEYIGTN 1oL (maxpower graph) G =
(N,E)

e Tyumka:
VN,={veN|(uv)eE}uU{u}
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dDdor I: Information exchange

o 2TINV TPOTN GACT TOL TPMOTOKOAAOV, KAOE
KOuPoc otédvel o ID tov kot v B€on Tov
o€ OAOVC TOVG KOUPove ¢ “opatng”’
YEITOVIAG TOV

e AvutO umopel va emtevy0el e TNV AmOGTOAT EVOC
beacon unvopaToc e TNV UEYLOTN OLVATT 1OYD
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Daom 1I: Topology construction

* Ortav €xouv AneBei OAa Ta beacon unvuuaTta Twv
OPATWYV YEITOVWYV, KABE KOMPBOC KaTaokKeualel TO
local MST Tou epapuolovTtac Tov KAAOIKO
aAyopiBuo Tou Prim

* Q)¢ Bapog kabe link yia va xTiotei To MST €ivai 10
unkoc¢ Tou (EukAcidia arréotaon)

— Auti n emmAoyn eival cupBarni pe otrolodntroTe path loss
MOVTEANO, KABWC TO KOOTOG I0XUWCG Tou link(u,Vv) gival
avaAoyo pe 10 O(u,v)%, uea =1

— 'E101, TO MST T1TOU TTPOKUTITEI JETA ATTO OTTOIOONTTOTE
path loss povréAo wg auvaptnon Bapouc givai 1o id1o JE
EKEIVO TTOU TTPOKUTITEI KATOTTIV XpNong TNG EUKA&idiag
QATTO0TOCONG
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dDaor II: Topology construction

* Emonuatveton 0Tt 10 Tapayouevo MST ue tov
aAyop19uo tov Prim iocmg ogv etvat Lovoouko

e AQOoV amouteital N povaotkotnta Tov MST yia
Vv’ amooetytel 0t o LMST owtnpel tnv
GLVOEGUIKOTNTO, Opllovue W¢ cuvaptnon link-
welght function kdmola mov emiong AauPdavet
VTOYTV NG TNV AECIKOYPUPIKT] O TAEN TOV
node Ids mov givon Ta axpa tov link
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dDaor II: Topology construction

* Metd v ektéAeoT TOV aAyopiBuov Tov Prim,
KaOe KOUPOC u ToV O1KTOHOL YVOPILEL TO

(novaotko) MST T, = (VN_,E,) mov tov
GLVOEEL LE OAOVE TOVG OPOTOVC YEITOVEC TOV

* To emoOuevo Prua gival vol opltoTeL T0 GUVOAO
TOV YEITOVAOV TOL U GTNV TEAIKT] TOTOAOYIQ,
ONA0ON, N TOTIKY O€06™M TNS TOTOAOYIOC TOV
LMST amo tnv okomid tov u

* AUTO ETLTVYYOVETOL LLE TOV OPLGUO TNG
YEITOVIKNG GYEONC WS AKOAOVOMC:
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dDaor II: Topology construction

o [I'evtovikn oyéon] O kouPoc v Ba eivar
veitovag Tov KOuPov u, GuuPoAilovtac T0 MG
u—v, v Ko Lovo €dv o v givar 1-hop
YEITOVOG TOL U GTO minimum spanning tree
T =(VN_E,) tovu

¢ Tovmkd: u—»v < (wv) € E|

* To 6OVOLO TV YEITOV®V TOL KOUPOVL U,
ovpuPoAiletar mc N(u), kot opiCeton w¢ N(u) =
{v.e VNu | u—v}
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16

dDaor II: Topology construction

* H tomoAoyia mwov opiCetor amd 10 LMST
Kataokevaletal a@ov ouvoebel kKabe kKOuPoc ue
TOVG YEITOVEG TOV:

* [Tomoroyio xata LMST] H telikn tomoroyia
OV TTOPAYETAL OO TO0 TPWOTOKOAAO LMST &givon
10 KatevQuvouevo ypaenuo Gy yvst=(N,Ep vist)s
Omov N Katevduvopevn akun (u, v) € E; yqr €0V
KOl LOVO €V U—V
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Daor III: Determination of transmit
power

* To teAko Priua eivatl 0 TPOGOIOPIGUOC TNC 1IGYVMG
LETOOOGEMC TTOL GITOUTELTOL Y10, VOL GTOAEL KATO10 UNVL UL
GE€ OMOLOONTOTE YEITOVOL

e AVTO EMITLYYAVETOL LUE TNV HETPNON TNG 1GYDWOS ANYEMDC
TOV beacon unvoudtov

— Otav o xopPog u AauPdver Eva beacon and Kdmwolov opato
yeitova v, UTopEl va EKTIUNCEL TO minimum power level mwov
QITOLTELTOL Y10 VO PTAGEL GTOV V GUYKPIVOVTOC TNV
AauPavouevn 1oyd tov beacon pe tnv maximum transmit power
(OAa Ta beacons amocTEAAOVTOL LLE TNV Maximum 1GYV)

e OvkouPor eniong vroAoyiCovv tnv broadcast power,
ONAOT, TNV EAAYIGTT OTTOLTOVUEVT] 1GYD Y10 VL
“@PTdc0oVV”’ GTOV LOKPUTEPO KOUPBOL oL avnkel oto N(u)
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Relative Neighborhood Graph
(RNG)

Fig. 5. The edge (. v) is not in RNG because of w.

Erng

{lu,0) e G |Aw eV (u,w), (w,v) e’
Ad(u,w) < d(u, o) Ad(e,w) < d(u,v)}.

Average degree is around 2.5
VuelV rlu)=max{d(u,v)|veVAluv)e€ Emngl.

OEQPHMA. To LMST &vog UDG sivar vroypagnua tov RNG.
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‘ Relative Neighborhood Graph

* Properties
— Planar
— Long paths
— Stretch factor ®(n)
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Gabriel Graph (GG)
* O GG opileTon m¢ €ENC:

— Ilepéyer wa axpun UV gdv kot uovo v 0 01GKOG LE OTAUETPO
UV odev mepréyel kdmoro dAlo kOuPo péca tov.
* Avtumopabéote pe 1o RNG

— Ed&v 0 pdllo dev mepiEyel kdmolo yeitova, TOTE Kol 0 KOKAOC OV
Oa mep1Eyel KATO10 YelTOVA

— Emouévamg, edv wa akun avikel 6to RNG, avnkel kot otov GG

OEQPHMA. To RNG gvog UDG sivar vwoypaonua tov GG.
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Localized »ataoxevy) oo GG

e To kputnplo eEAEYYETAL LE OVO TPOTOVG

— EvkAegiown andctaon

« KaBe xowvog yeitovac W tov U kol V wpénet va
Bpicketal o€ amdotoon TovAdyiotov [UV|/2 amnd to
uésov g UV, wote va meptddPooue v axun UV
oto GG

— "EAeyyoc tov yoviwv

« Edv ZPWQ > 7/2 yia évav koo yeitova W tov P

Kot Q, tote n akun PQ oev mpénel va meptAnebet oto
GG

e X€ KGOE mepinTon apKel va YvapiCOvUE TN
0¢on evoc kouPov kabwc ko tn OEon Twv
YEITOV®OV TOV
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‘ Gabriel Graph




‘ Gabriel Graph




‘ Gabriel Graph

Gabriel D Relative Neighborhood
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‘ Gabriel Graph

Gabriel D Relative Neighborhood

Planar
Long paths



Enomntx

7

GLYAELGY, GOULY

MST

LMST
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AlAeg 6opeg Yo topology control
e Delaunay Triangulation (DT)

— M axun (u,v) Oa mepiéyeton oto DT €dv ko povo edv
VITAPYEL KATO10¢ KUKAOG, TOV 0moiov 1 (u,v) ivon oy
YOPOT], O OTTOI0C OEV TEPLEYEL KATOLO0 AAAO GMNUEID GTO
EGMOTEPIKO TOV

— O GG gtvon voypagpnua tov DT
 Partial Delaunay Triangulation (PDT)

— Eivan localized
— PDT e&ival vroypdaenua tov DT

* Yao Graph (YG)

— IIpotdOnke yio v amoootikn Kataokevy MST
G€ TOALEC OLOGTAGELS
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Appendix:
The Voronoi diagram
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Definition of the Voronoi diagram

e The Post Office problem
 We are given a set of n points in the plane

* We define the Voronoi diagram of P as the subdivision of the
plane 1nto 7 cells, one for each site in P, with the property that a
point g lies in the cell corresponding to a site p, if and only 1f
dist(q, p;) < dist(g, p;) for each p; € P with j #1




Structure of the Voronoi diagram
* What does the complete Voronoi diagram look like?

— Each cell of the diagram is the intersection of a number of half-
planes, so the Voronoi diagram 1s a planar subdivision whose
edges are straight

— Some edges are line segments and others are half-lines

— Unless all sites are collinear there will be no edges that are full
lines




Structure of the Voronoi diagram

* Theorem. For the Voronoi
diagram Vor(P) of a set of
points P the following holds:

1. A point q 1s a vertex of Vor(P)
if and only if 1ts largest empty
circle Cp(q) contains three or
more sites on its boundary.

11. The bisector between sites p,
and p; defines an edge of
Vor(P) if and only if there is a
point q on the bisector such
that C,(q) contains both p, and
p; on its boundary but no other
site




Computation of the Voronoi
diagram
i. Fortune’s algorithm after 1ts inventor—computes the
Vorono1 diagram 1in O(nlogn) time
11. You may be tempted to look for an even faster

algorithm, for example one that runs in linear time

ii1. The problem of sorting n real numbers is reducible
to the problem of computing Vorono1 diagrams, so
any algorithm for computing Voronoi diagrams must
take (2(nlogn) time in the worst case

1v. Hence, Fortune’s algorithm 1s optimal



Appendix:
The Delaunay Graph
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The dual of the Voronoi diagram

* The dual graph G of the Vorono1 diagram

* This graph G has a node for every Voronoi cell—equivalently, for
every site—and 1t has an arc between two nodes if the corresponding
cells share an edge. Note that this means that G has an arc for every
edge of Vor(P)

« As you can see, there 1s a one-to-one correspondence between the
bounded faces "




Definition of the Delaunay Graph

» Consider the straight-line embedding of G, where the node
corresponding to the Voronoi cell V(p) 1s the point p, and the arc
connecting the nodes of V(p) and V(q) is the segment pg—see
Figure below

* We call this embedding the Delaunay graph of P, and we denote it
by DG(P)




