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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/
* Avo edited pifria yia Ad Hoc networks
— lectures/
— papers/
— proj_papers/
— present_papers/

* TomoBeTovVvTaL Ol SLUPAVELEG TOV ETOUEVOL LOOTHOTOG

* "TomoBerovvtar Ta research papers mov avTioTOYOVY 6€ KGO
Suareln. Ta onpavtikd pe npdbepo MUST_BE_READ
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| ITegieyopeva

* Awoyeipion 0éong: LeZi-Update
* Kwntd Ad Hoc diktoa
— To mpoPAnua twv Broadcast Storms
* MéBodot yia 100% waioym (reliable) (enopevn dinegn)
* MéBodot yia un eyyonuévn (100%) kdivyn (non-reliable)
Mn-mpocappoloues pédodot

— Ilpocappolopeg pébodot
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Katnyogromoinoy teyvinmy

Update Schemes
(defines the update criteria)

VU A G de_ abase When ‘reach’ the database

(LA boundary assignation)
Static Dynamic Threshold assi ivi

A ) ision finalt luati

(.samefor alsl;mpes (varying LA shapes) (d:;:slop na_lesd e((;:‘a uation at
GSM/GPRS standard Directionak-based Time-based Probability-based
TLA Profile-based Movement-based State-based
TrLA Distance-based Lezi update
Prediction-based
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2uvor edEECNG AIVNTWY

T (granularity), o0 (availability) note (currency) vo anofnkevtel
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H teyvinn LeZi-Update (1/11)

* Movtéha Tomoroyiag diktHov
— YEOUETPIKG LOVTELDL
— ovpPolkd povtéra
* Ta yeopetpuch poviéia
— Evxola
— I'evika
— Emutpénovv mpofreyn
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| H teyvuen LeZi-Update (2/11)

01/12

Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

| H teyvuen LeZi-Update (3/11)

User movement herween 900 a.m, and 9:00 p.m.

Time wn pan.
[EC LR I WTR EFH ERH Lo K] (31 33 [52]
Crossing a—b h—sa a=h heen a=h bov v=d d=e c=h b=a

Axolovdia avopopdv Stapdpmv GyNUaTeV evnpépmaons BEong

Tume-based (T = 1 hr) aaabbbbacdaaa ..

Time-based (T = 1,2 hr} aaaaabbbbbbbbaabeddeaanan . ..

Movement-based (M = 1) abababediba ..

Movement-based (M = 2) adaced ...

Time- and movement-based (T = L b, M = |} gaababbbbbaabeeddebagaa ...
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| H teyvuen LeZi-Update (4/11)

Definition 1. The movement history of a user is a siring
“ppravs .. of symbols from the alphabet &, where i is the
set of zones under the service area and v; denotes the zone-id
reported by the ith update. Consequently, v;'s are not neces-
sarily distinet.

Definition 2. The mobility niodel of a user is a stationary sto-
chastic process ¥V = | V], such that V; assumes the value
v; € 1 in the event that the 7th update reports the user in
zone vi. The joint distribution of any subsequence of V;'s is
invariant with respect to shifts in the time axis, i.c..

Pr[Vy = 1y, Va = sy,

=PrfVig=v.Vapy=wva.... Virr = vl (1)

V=l

for every shift / and for all v; € #. The movenent history is a
trajectory or sample path of V.
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| H teyvixn LeZi-Update (5/11)

oty axoivdio avagopdv: aaababbbbbaabceddcbaaaa
—> The ignorant model disbelieves and disre-
gards the information available from movement history. Due
to the lack of knowledge, it assigns equal residence proba-
bilities to all the eight zones in figure 1. In other words,

Mg =Ap =M =AY =Ae =Af =g =ap = 1/8 =
0.125. The assumption of uniform probability distribution
sulfers from the consequence that no single paging strategy
can be adjudged better than another in terms of average pagi

—V The 11D model assumes that V;'s are indepen-
dent and identically distributed. Using the relative frequen-
cies of the symbols as estimaltes of residence probabilities, we
obtain the residence probabilities as 7, = 10/23 == (1,435,
wp = 8/23 = 0348, 7, = 3/23 = 0.13, 7y = 2/23 =
0087, andm, =y =m, =7, =0.
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g cost

01/12
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| H teyvien LeZi-Update (7/11)

* Opoioyia
— Markov povtého — Markov povtéro tééng 1
— IID povtého — Markov povtéro taéng 0
— Ignorant povtého — Markov povtélo tééng —1
— Yyniétepng TaEng povréha ? Asite tov napakdto mivaka

Contexts of orders 0, 1 and 2 with frequencies,

'

Order-0 Order-1 Orde

allioy alatey  bletly  alaal3y  alba(2y a|cbil)
I8 bl ai3) ool bl aa(2) | bai 1) o [eeily
ci3) a |3y dletly alab(ly a|bbily o | ed(l)
di(2) b | {4) cldily  Blab(ly B3y b dell)

o by d | dily o | abily o beily o | ddil)
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| H teyvinn LeZi-Update (6/11)
172, x
113 7
(€oe

mP>| Maairkon miondel,| The simplest possible Markoyv model as-

sumes that the process § is a time-invariant Markov chain,

defined by

PriVe =g | Vi= v, .. Vo) = oo
= Pr[Vi = | Vic1 = w-1] (2)
=PrlVi =i | Vicr = vl (3)
for any arbitrary choiee of & and 1.
2/3 130 0
: . . 3/ / /
MMivaxag mbavotntov petéfoong: P= | - 812 1 § 9
0 /3 1/3 1/3
0 o 172 172
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To trie (digital search tree) yio 6da Ta contexts péypt
T6&NG 2 yo T axolovbia Tov Tapadeiypotog

*AbvEnon g tééng epmrovtilel o poviého?
*Xe ot Ta&n oTapaThpe?
*XpNnoomotovpe LOVO TN HeyardTepn TAEN 1) Kot OAES TIG evAlapeces?
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| H teyvuen LeZi-Update (9/11)

*  Apeoo 1 éppeca (kdmota omd) To oyfpaTe eVipépmong BEong kpatovoav
oty cache tovg to (ta) cell (W location area) ID ko pe Béon cvti v
TPNPOPOPIc EKAVOY THV EVIIUEPMOT

¢ O oAiyopiOpog LeZi-Update Aertovpyei mapodpoa, otélvovtag opddeg ID
povo otav avti 1 opdda dev Exet Eovaenpaviotei

+ @swpdviag my axorovdio: aaababbbbbaabccddcbaaaa

*  Tnv kdvet parsing oe ppoeig og e€ng: &, aa, b, ab, bb, bba, abc, ¢, d,
ac, ba, aaa, . .

* O pnxavigpog gival o TTapaKaTw:

The algorithm LZ78 parses the

input string vy, va, ..., vy, where v € i, into ¢(n) distinct
substrings wy, wa, ... W,y such that for all j = 1, the pre-
fix of substring w; (i.e.. all but the last character of w;) is
equal to some wy, for 1 <7 <= j. Because of this prefix prop-
erty, substrings parsed so far can be efficiently maintained ina trie
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Trie yio Tov KAOGIKO adyopipo LZ78

01/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia




| H teyvinn LeZi-Update (11/11)

Trie ywo tov enovénpévo aiyopdpo LZ78: T
Kkafe ppdaon ewsaydyovpe Olo ta embépatd (suffixes) g

01/12
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| H teyvixn LeZi-Update (13/11)

Result 4. The symbol-wise model created by the incremen-
tal parsing asympiotically outperforms a Markov model of
any finite order and attains the finite-state predictability. Al
any point, the effective number of states in the incremental
parsing model is O(c(n)) and the equivalent Markov order is
Oflog ¢(n)). Moreover. for stationary ergodic sources, it at-
tains the predictability of the universal model.
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| H teyvien LeZi-Update (12/11)
i i ze nary := initialize dictionary := null
i i i= null lo
Figure 4. Encoder m the mohile.
Figure 7. Enhanced decoder o the
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| H teyvien LeZi-Update (14/11)

*  YmoBétovpe 0TL TPETEL VoL TOPASDOOVLE KATOT YL0L TO KIVTO KoL 1
Telvtaio yvdomn mov £xovpe yio ) 6éon Tov givat: aaa

* To contexts oL HTOPOVLLE Va ypnoipomocovpe ivat to suffixes
0V aoe (ekTOG amd TO 1310 PLOIKA), NA., aa (Ta&n 2), a (Tdén 1) Ko
70 A (T6én 0)

o Ilpdta mpémet va Bpodpe OAo o TOOVE HOVOTATLO TOV UTOPOVY VoL
TPOPAEPTOVV [LE CLTA T contexts:

Phrases and their frequencies at contexts “aa™, “a™ and “A™.

aa (order-2)  a (order-1) A (order-))
a |aall) alaily als) a2y dily
A | aai2) aa | ail) aal2) b1} deil)y
b all) ab(ly bhaily Al
e | afl) abei 1) beily
A ais) M3y c(3)
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‘ H teyvien LeZi ate
yvuen LeZi-Update (15/11)
*  Kotom, va vrohoyicovpe tig unconditioned mibavoTnes epeaviong avtdv
TV epdosmv pe blending (n péBodog vroroyiopod eényeiton ot didheén):
Prohahilistic pr o al symibils o path until nest update

Phrse PriPhrs b . o
o I 0539 0539 CANNNE  OLENMNE (RN
ail DAmRsT msT LT [LTLEEL) [LICEET)
al =145 AT AT LLLLELL) [LLLEL L)
al LAS UNE TUME TR LN
13 '! I =l LLELL R ol LLTLLE L) [ULLEL )
b G200 00148 00145 LLLLE L UL
bt =145 RLELLL ] 00145 LLTLELL] [LILEL L)
[0 = 00145 RILLIN S a7 [LOLEET) LULLEL L)
5 T Qr-LI: GARE2 OO0 6 O DL
()] G045 00000 00000 00435 0.0000
o $11(4)) — (145 OO0 0D 0, 00145
e Q‘JHYIVII — (145 OO0 OO0 T3 D73
Sum LLEE B2HE [LLLE ) ha2s
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| ITegieyopeva

* Awyeipton 0éomng: LeZi-Update
* Kwnta Ad Hoc diktva
— To npépinpa Tev Broadcast Storms
* M£0oodor T 100% K(’L}hl)\lln (rcliablc) (embpevn Srahedn)
* Mé£0ooot yro pn gyyonpévn (100%) karioyn (non-
reliable)
— Mn-npocappolopes pédodor
— Ipocappolépec péBodor
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‘ Dooneg natoryideg

5 fua Mixavikev HIY, Tohemkovwvidy kat Akrowy, Navemoripio Osooahiag

‘ Mrnogovy ot avlpwnor va
TQOXAAEGOLY %ATULYISEG?

01/12/2005

Tus

a Mnxavikev HIY, TnAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

| Kataryideg oto Internet

Subject: Want to do advertisement?
| have 61,000,000 email addresses!! Save only for $50!!
Date: Thu, 1 Dec 2005 18:47:21 +0800 (CST)
From: ****@*** university.edu

To:  <dimitris@skyblue.csd.auth.gr>

‘Want to make money?

You can spend $50 to reach 61,000,000 people as many times as you
want?

Yes, that’s right, 50 dollars for perhaps millions of dollars!
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

(a 3-page long email ...)
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Call for Papers

Dear Friends,

Sorry if you receive the duplicate messages.
But please distribute the following message to your friends.

Prof. *** University of %%%

Call for Papers
International Conference on ????
1C?77'99

http://www.???/conf/ic???99
THEME:
Research on mobile computing is gaining more and more attention ...
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ITepiyoappo vworotnyg Sraheéng

* Mobile Ad Hoc Network (MANET)

» Kivntpo

» To mpoPAnua g Kotoryidag Exmopnadv
(Broadcast Storm)

* Avoelg
— Mn mpocappoldpeves Aoeig
— [pocappolopeves Mooelg

* Ilepopotikd amoteréopota

01/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

MANET

* MANET = Mobile Ad Hoc Networks
— Xbvohro kvyntdv hosts, eEomhopéva e TOUTOdEKTN
— Oy otabpoi Baong; Oyt vrodounctadepod diktoov
multi-hop emkowvovia

—  Amouteiton TPOTOKOARO SPOLOAGYNONG TOL VOL UTOPEL VaL XEIPLOTEL
petafarropevn tomoroyio

01/12/2005 Tpijpa Moxavikav H/Y, TRAETIKovwvIdV kai AikTowy, TavemioTiuio Osooahia




| MANET pe xapteg Wireless LAN
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| Egaxppoyss twv MANET

* media poydv

* TEPLOYEG PLOIKADV
KATOGTPOPDV

* GTOMOL € MKEAVODG

* 10TOPIKEG TOAELS

* diktva ceOnmpov

01/12/2005 Tuiua Moxavikov HIY, ToAsmikovwvidv kat AikTowy, MavemoTiuio Osooakiag

| Agoporoynon os MANET
* Tlowo givar to mpdPANpa?
— Mvupufykio mov yéyvouv yio eoyntd

o Y0vtoun mepiAinyn
— Dynamic Source Routing (DSR)

01/12/2005 Tuiua Moxavikov HIY, ToAsmikovwvidv kat Aiktowy, MavemoTiuio Osooakiag
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Muopnysia Tov Payvovy yo aynTo
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Muopnyxia Tov Payvovy yo aynTo

gy
Hest " Foodt Nest #* - Faot
H e - i3
T N i L NN i, —
T e T BTN ik
¥
* Obstacle
1 e
e
;’#“
Nest Foot Nest * *, Faod
e, LN
e o o o e oo
T [ Eo ™ g
Obstacle Ohstacle
01/1212005 Tprpa Moxavikiv HIY, ToAemikovwvie kai Aitowy, MavemoTipio Oooahia

3 Inmpata 6TNY avalnTnoy Ty
HOQUN Y@V

* Evpeon dwadpounc:
— Avalnon tev tomofecidv pe eaynto

* [IpomOnon naxétmv:
— Metagopd Tov payntod ot eoAd

o Yyuvtipnon Stadpounc:
— Otav 10 eoyNTo petakiveitol oe VEO LEPOG
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| DRS (Dynamic Source Routing)

e Koat’ amaimon (on-demand), dni., dev vrdpyet
TPOVTOAOYIGLEVT TATPOQOPIn SLUSPOUDV

* Apopordynon mnyng (source routing):
— Ot ddpopés (routes) GNUOTOSOTOVVTOL LE TATPN
mAnpogopio (kaBe hop katoympeitor)

* Avo kOpa TpunpoTo:
— Evpeon dwdpopng (route discovery)
— Zuvmpnon dwdpopng (route maintenance)
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| ITagddetypo DSR

AITI]U‘I] £0PEOG dLudpoung Amavtnon oty aitnon govpeon

g

X NINRMd}
oo 1ohe
)} |N4lmn:l-m
‘“\ / \ ’/:m;mne
LR e
e N

NN

a) Building o the reute i ¥ (] ian of the route reply with the route record

W Figure 4. Creation of the rowte recand in DSR
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‘ Broadcast Problem

* Broadcast: 0mocToAr] £vOg UnvopoTog o dAlovg hosts
— IL.y.: Route search ce MANET

— ILy.: npotéxoira DSR, AODV, ZRP <

gl B

&hz/

IES]

* Yroféoeic: \3
— H exmopnn etvar spontaneous 57 @ N h
« Oy synchronization
* Oy yvédon g kaborikiig Tomoroyiog SikToov
— H exmopmn eivar unreliable
* Oy no acknowledgement omotodnmote gidovg
— TN va amogoyet emdeivon tov contention
— 100% reliability dev eivan amapaitnt oe pepikés epappoyeg
— Oyt RTS/CTS dialogue

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag

12



| Broadcast pe mAnppoeidx (flood)

* Straight-forward npocéyyion

—Evag host avopetadidet (rebroadcasts) éva
pivopa 6tav to AdPet yio TpmdT™ Popd

* Broadcast storm mpofiinua:
— redundant rebroadcasts
— contention problem

— collision problem

01/12/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| 2 0Buog micovaop.og (redundancy)

* Bé\tioto broadcasting ¢ ZofapdtmTo g
vs. flooding Redundant Coverage.
(a) optimal = 2 steps
(b) optimal = 2 steps

(@) (®)
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| Avdivon g Redundancy

* Additional Coverage * H expected additional
OV TLOPEYETAL LLE coverage EAC(k)/7r?
rebroadcast petd mov évog host

— H max. emnhéov £yl akovoet éva
coverage givat 61%. w’]vu Lo Yo k q)opég
— H coverage eivatr 41%
Katé PEGo 6po Ogi
035
o 03
£025
g 02
So1s
0.1
0.05
0
1 3 5 7 9 11 13 15
No. of transmissions heard (k)
01/12/2005 Tpua Mnxavikiv H/Y, ThAeTikovwviwy Kal AikTowy, MavemoTiuio Osooalia
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40

Avdivon g Contention

+ Otav évag host broadeasts, — * ¢f{n, k): Ot mBavotnteg
OL YELTOVEG TOV ElVOL va égovple k contention-

mOavov va contend with free host 5 1 host
each other for the medium. ree hosts petagh 7 hosts

~ A=—>B,C,D mov Aappdvovv To onpa
— otB, C, D could seriously
contend with each other

fink)

01/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

Avaivon g Collision

* MeyaAvtepn mbovoma collision:
— Ta rebroadcasts givat mBavo va Egkivncoovv v {010 oTiypn
* To backoff window runs out €dv o uéco givot 1ovY0 Yo Eva StdoTnpo
— €Mhewym tov RTS/CTS dialogues
— éMhewym tov collision detection (CD) edv mpoxvntet collision
— wpoPAnua Tov hidden terminal

01/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

ITiOaveg Adaetg yioo Broadcast

* Probabilistic oynua

» Counter-Based oyrua
» Distance-Based oynpa
» Location-Based oynua

* Cluster-Based oynupa

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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| Probabilistic oymnpx
* Rebroadcast pe “Piymn Coprod”

* 'Evog host mdvta kdvet rebroadcast pe mbovomta P
— Otav P = 1, éovpe minupopiopa
— Muwpdtepo P Bo ghattdoet To TpoPAnpo g Katotyidog

"
o./ >

01/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

| ITapdpetool Tpocopoiwaeng

* no of hosts = 100
* transmission radius = 500 meters
» packet size = 280 bytes
 transmission rate = 1 M bits/sec
* broadcast arrival rate: 1 per sec. to the whole map
* map: (1 unit = 500 meters)
— Ix1, 3x3, 5x5, 7x7, 10x10

* roaming pattern: random walk
— speed: 0~10 km/hr in a 1x1 map, 0~30 km/hr in a 3x3 map,
etc.

« IEEE 802.11 without PCF (point coordination function)

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

| Enidoon Probabilistic oynpatog

RE = REachability (pe ypapupéc) Latency
SRB = Saved ReBroadcast (e bars)

o

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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| ITapatnenoetg

* Reachability:
— Xg pkpotepo maps, éva pkpo P givor apketo yo va
emtevyDei peydAn reachability.
— MeyoAdtepo P arotteiton o€ peyoldtepa maps

* Saved Rebroadcast:
— I'pappikn oyéon pe 1o P

» Latency:
— (Evdwpépovoa Tapatipnon) Xe pikpotepeg meployée,
1 EKTOUTY OAOKANPAVETAL LE HPKOTEPT TaYOTN T

01/12/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| Counter-Based oynpo

* Edv évag host éyet Aafet éva
broadcast packet > C @opéc,
— Tote, va. unv to ekmépyet Eava

* Topadeiypota: Addition Coverage

045

— 1 popd =>41% 04
— 2 popéc=>19% 035
” ~ 03

— 3 popég=>9% £025
. s 02

— 4 popéc=> 5% Eo.ls
— >4 gopég, TolD Aiyn extra 0.1
nEpLOYN 005

13 5 7 9 11
No. of transmissions heard (k)
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‘ AlvooBuoc Counter-Based

Initialize the counter ¢ =1 when a
broadcast msg is first heard

!

—»I Wait for a random number of slots I

Submit msg
I Increase ¢ by 1 I

Cancel the
transmission

01/12/2005 Tpipa Moxavikiy TnAemkowwviiy kat AikTowy, MavemoTipio Oeogahiag
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Enidoorn Counter-based oynpatog
* Metofdrlovpe 1o C=2, 3, ..., 6 kot

Katoypagovpe Vv enidoon
— Meyodtepo C onpaivel tepiocotepo rebroadeast

100% ’ x
=[] 0.09
s

- i 0.08 .
==y 007

oo 6 b X X
=

2

o

c 2 3 4 5 6
(2) (b)
01/12/2005 Tuiua Mxavikioy HIY, ToAemikovwviiy kai Aikrowy, Mavemgaripio @cggaiag
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ITapatnenoetg

* Reachability:
— C>= 3 mpoopépet reachability cuykpiown pe v
avtictoyyn tov flooding

¢ Saved Rebroadcast:

— Xg UKV TEPLOYN], EMTVYYAVETOL TEPIGGOTEPO saving
e apardtepn TEPLOYN, AyoTEPO saving

» Latency:
— MeyoAbtepn latency og pcpdtepn meployn

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag
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Distance-Based oympx

* Yroloyiopog mg andotacng and tov host Tov
GTEAVEL TO LNVOLOL

d

min

= Min{the distance to each sending host}

e Edvd

min

<D (xotdAt), T0TE Oy rebroadcast

°
* [la¢ va vroloyicovpe v amdoTOoN: /
— £VTOON OHATOG g )

— ovokevég GPS v o

01/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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| A)yopiBpog Distance-based

Initialize the d;, when a

broadcast msg is first

heared I Procedure exit I

PE—
N Submit msg
Wait for a
random
number of
slots
Y Y
I Cancel the transmission I I Update d,, Ii
01/12/2005 T u o Mu‘qwm&w H/Y, Tu)\zmxmvwvlwv Kal AIKTOWY, I'Iuvzmc"g'glo Bio'o'w\ius

| Enidoon Distance-based oynpatog

* Metofdrrovpe to D =147, 72, 37,20, 11 xon
KOTOypAQOLLLE TNV €SO0

— Mikpotepo D onpaivat mepiocdtepo rebroadcasting

— 11 014

100% | g X 1
(=P
o—> o——o— o 012
O ———g— 0 |
80% x 33
o 010
2
. s T R 5
S o £ om -
o /s T)
B x 1w & 006
40% § o
X W Z 0
A 55
20% 0.02 o—m>a o———0o——a o 99
o
% o 000 .
D om0 1 o mar D 4w n 37 20 1
(a) (b)
01/12/2005 Tprpa Moxavikdv HIY, ToAeKovwvIdy Kai Aiktowy, MavemoTipio Oeooahiag

11011

| IMagutvenon

o T emié€ope o D =147 ?

— addition coverage = 0.187, ion pe avtf mov avtictoyet
oo C=2

* Reachability:
— XZvykpioun pe to flooding.

* Saved Rebradcast:
— Oyt Wuaitepn

» Latency:
— Muwpotepn meproyn| Exet payaivtepn latency

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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| Location-based oynpx

¢ And to GPS Aapfdvoupe ™ 6éon cvtod Tov oTEAVEL
* "Eoto (X, ¥)), (X5 Y1), (X35 ¥3)s s (Xp ¥y) O BEGELS TOV 0MOGTOAEOV

Mrmnopovpe vo vrohoyicovue pe akpifeto Ty additional coverage avtov tov
rebroadcast.

No Extra Coverage Some Coverage

01/12

Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

| A)yooiBpog Location-based

Initialize AC (the additional

coverage) when a broadcast
msg is first heare‘d—,il Update AC I

N

Wait for a random
number of slots

56

Y
Cancel the Hear the msg again?
transmission N
Submit msg
Procedure exit
57
| Avoxolisg

¢ Ilepimhoko pabnuatikd yo vo
VTOAOYIGOVLLE TNV extra coverage.
* [Ipocéyyion:

— mpocopoiwon grid

000000000000000000000000
Q o

o
000000000000000000000000

01/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia

19



Enidoon Location-based oynpatog

* Metofdarrovpe to A (addition coverage) omo 0.1
puéypt 0.01.

— Mwpdtepo A onpaivel tepiocdtepo rebroadcast

— 11 0.08
100% X 1
[ K 0.07
0% 55
0.06 X
77 3,
£ 005 °
. e &
2 6% £ A s
~ i T) 0.04
= X m g
0% 5 003 o m
X e Z
002
o A 55
20% o e
o w 001
" o wo
0% 0.00 o
A 01871 00913 0.0469 00251 00134 O 1t A 0I8T1 0.0913 00469 00251 0.0134
(a) (b)
01/12/2005 T u ﬂMu‘amev H/Y, Tu)\imxmvmvlmv Kal AIKTOWV, I'Iuvtmznn' 10 Bzcca)\ins

ITapatnenon

* Totl emAéyoope A =0.187 ?

— Avm eivon additional coverage mov avtiotoyel
oo C=2

» Emtuyydver mv kolotepn enidoon og
oyéon pe 6ha to Tpoavapepbévo oynuato.!

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

Toononompévo Location-based oynpo

* "Eheyyog molvymvov

— Eav évag host givan péca 6to moAvymvo, mov optobeteiton amd Tig HEcelg
tov anoctoréwv, 10te MHN EKTEAEIE rebroadcast. (Ew. (a))

— Aluag, rebroadcast. (Ewk. (b))
— Eav évag host gival péca 6to kvptod moddywvo, n péytot additional
coverage givat kato and 22%. (Ew. (c))

©

01/12/2005 Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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2uvodn emidoong Twv pedodwy

* Kopu puépruvar

— Extra coverage pog rebroadcast

* Awpopetikd enineda axpifelag:
— probabilistic, counter, distance, location, polygon

» Enidoon:
— Flooding < Probabilistic oynuo < Counter-based oyfjpuo
< Distance-based oyfpo < Location-based oynpa

01/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Cluster-based oynpe (1/2)

* Aly6piBpog oynuartiopov opddwv (clusters)

— Ké0¢ host éyet éva povaducd ID

—Evag host pe to Tomikd pikpdtepo ID Ba
ekAéEeL TOV €00TO TOV MG KEPUA] THS OPAdAG
(cluster head)

— Avt0g 0 head host pali pe tovg yeitovég tov Ba
oynuaticovv éva cluster

— Avtoi ot yeitoveg Oo amokolovvtor péin
(members) tov cluster

01/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviao kai Airowy, TavemoTipio Osgoahiag

Cluster-based oynpa (2/2)

* Cluster formation protocol:

— To rebroadcast tov head pmopei va kaAdyet
OAOVG TOVG VTOLOOLG hosts Tov cluster edv i
petddoon dev vrootet collision

— O1 gateway hosts £yovv v €000V g
avapeTadoons Tov pnvopatog 6toug hosts twv
dAAov clusters.

— Aev vrapyet avaykn va ekteréoel rebroadcast
TOV UNVOUATOG Vo, non-gateway HéELOG

01/12/2005 Tpdua Moxavikeov HIY, ToAemikoivwviio ka Aikrowy, TavemoTipio Osgoahiag
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| A)lyopiBpog Cluster-based

A broadcast msg is heard for
the first time.

I Rebroadcast is prohibited I

il am a head or gatewa

Use any of the probabilitisitic, I Procedure exit I

counter-based, distance-
based, and location-based
schemes to determine
whether to rebroadcast or
not.

01/12/2005 fua Mixavikev HIY, Tohemkovwvidy kai Akrowy, Navemoripio Osooahiag

| Xyéon petagd reachability xo saving

* Ta onueio kovtvotepa oty mdvo de€id yovia givor koldepa

100% 80%
C2,
80%
60%
60% o ¢ o c
o D o D
5} Do
7 o A & o A
0% X P X P
20%
20%
D37
0% Pl 0%
RE 96% 97% %% 9% 100% RE 98% 9%
(a) 1x1 map (b) 3x3 map

01

Aua Mnxavikiv HIY, ToAemikovwviy kai Aiktowy, MavemoTripio Osooaia

66

| RE vs. SRB oe peyxddtegovg maps

ETS

8 2

oc s || 9

= oD - o

& ° A & o
e

20% b3 4 x
0%

I3 o 7
RESW.  om o RETVG T W s e o I
(c) 5x5 map (d) 7x7 map

0 v

SRB

10

o %
o e s o i RESW

(€) 9x9 map (0 11x11 map

01/12

Tudua Moxavikov H/Y, ToAemrikovwviov kai Aiktowy, Mavemiotiuio Osogalia
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IToooxgpolopeveg pébodot yio
avoxovpley Twyv Broadcast
Storms e MANET’s

01/12/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| ITapatnenoetg

o XT1g mponyoveVEG AVGELS, TO. KOTAOPALD, TOL
xpnowomotovsape Nrav OAA XTAGEPA

— OXI evaichnto 6TV TPEYOVGO. KATAGTOGT TOV SIKTVOV

— Mapaderypa: Xto counter-based oynpa, Thavo va
ApEWGTOOUE S10popeTIKd KatdPA C avaAoyo. pe Tnv
TUKVOTNTO TOV SIKTHOV

* Tl vo unv €xovpe duvaptkd KoTOEAL,
npocaprolopeva 6TV KATdoToon Tov SiktHov?

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

69

| A1l: Adaptive Counter-Based oynpa

* Kabe host mpocdropilet o dukd
oL KoTdOEA aveEdpTnTo
— H otabepd C yiveton théov o
cuvapton C(n)
« Omov n ivat 0 oplOpdS TOV
YETOVOV TOV i+l

Cin)

— Zuviotdpevo oyfpa mg C(n) | |
* Ilavta rebroadcast eév to n
etvar pkpdtepo omod 1, 1 i I
* Avokomtovpe 1o rebroadcast
YPOUUIKE LLEYPL TO N, Kot
KaTOm T0 oTadepomolovue

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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ITooougpoyn #apmdAng o Sovepixd
petont (adaptive counter)

Counter threshold
o =~ N W~ 00O

123 456 7 8 910111213 141516
No. of neighbors

01/12/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

71

A2: Adaptive Location-based oynpx

* Kda0Oe host tpocdiopilet 1o dikd Tov KaTtdEA aveEdptnTa
— H otabepd A yiveton mhéov o suvaptnon A(n)
* Zuvictdpevo oxnpe g A(n):
— IIévta rebroadcast 6tav to n givar pkpotepo amd 1, (Le CVGTNPO KATOPAL)

— Avokontovpe rebroadcast 6tav to n givon peyakdtepo omd n, (pe yolopd
KOTOOAL)

Aln)

0.2

0 L= = » N
1 i ",

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

IToocup.oyn ®apmOANG Y
Suvopuxno xatweh 0cong

0.2

0.15

0.1

0.05

Coverage threshold

0

123456

9 10 11 12 13 14 15 16
No. of neighbors

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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| A3: Neighbor-coverage oynpo

e Xtoy0c:
— Oy avdykn positioning devices
— Xpnon amiod HOVTELOL YPOPNLATOS
* Opiopog:
— Coverage = 10 cVvolo TV hosts mov Bo “kalvebodv” v Evag
host ekteléoet rebroadcast
* Kavoveg:
— "Evog host Ba avapetadooet povo edv vrdpyet évag 1-hop yeitovog
OV deV KOADTTETOL OO TIG TPONYOVHEVEG AVALETOSOGEL (&
ooV yvopilel)

— "Evog host yvopitet
* Tovg yeitovég Tov
* Tovg yeitoveg kabevog amd TOvg YELTOVOLS TOV

*4% 1 minpogopia avth cvrdéyetar pe meprodicd HELLO packets

01/12/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag

| IToedd. Neighbor-coverage oynpo

* O red host dev o * O red host 6o
OVOUETASOTEL OVOUETOOOCEL
— neighbor coverage — neighbor coverage dev
etvat kevo etvat kevod

Tudua Moxavikv H/Y, ToAemrikovwviky kai Aiktowy, Mavemiotiuio Osogalia
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| Enidoon adaptive counter-based

. T — 4 1 AT

Adaptive Threshold N
s 00N ; % l'A/n 100%
; 0% B N 25%
8% TR oo
4 T0% B5%
3 a0% B0%
2 50% x TE%
| % = rom
0 0% 65%
3 A R A I T ¥ oo
Neighbor ne 10% 55%

i 33 Bxb T Gwh et &

Map size

*  H AC Beltidvel onpovtikd Tig n806ELS 68 GYEOT
ue fixed C (2, 4, 6) 1660 yio. SRB kot RE

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviaoy kat Aikrowy, MavemoTipio Oeogahiag
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| Enidoon adaptive location-based

Adaptive Threshold 0T8T W0 (48 B A0 0134 AL

B AOABT s ASDDAE A ASDO 1 b AL

02
— 100% e = Q~ . 5— W00%
015 / 0% M | 5%
80% ’ B | go%
/ x
o 0% | a5
0 60% “ R
s0% " | 75%
0! 4% | 0%
P25 &5 6 T B M1 a0k 1 | 6%
Heighbor ng 20% | s
10% l 1 ) I { BE%
o . L. 50%
g X1 3 Sx§ TNT @O ki1 y
Map size
*  H AL Bektidvel onpavtikd Tig emdOcelg 6e 6YEON He
fixed L (0.187, 0.046, 0.013) t6c0 yio. SRB kot RE
01/12/2005 Tpua Mnxavikiv H/Y, ThAeTikovwviwy Kal AikTowy, lMavemoTiuio Osooalia
77
‘ '6 d M \
2uv. emid0or TV adaptive GYNPATWY
—AC EEEMAL NG % AC —%x— AL —A —NC
100% 100%
90%
80% 95%
70%
60% 0%
50%
0% 85%
0%
20% 80%
10%
0% 75%
1x1 3x3  5x5  7x7  9x9 11x11
& &
Map size
01/12/2005 T n o Mn‘qvlm&jv H/Y, TnA:anolvwvlwv Kal AIKTOWY, I'IuvzrrlUYg'Hlo Bzccw\ius
‘ 78
, \ .
Beltiwpévo oynpa Neighbor-
Coverage
01/12/2005 T n o Mn‘qvlm&jv H/Y, TnA:anolvwvlwv Kal AIKTOWY, I'IuvzrrlUYg'Hlo Bzccw\ius
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79

| Avvapino S1oTNpo AVTUANLYNG HELLO

* The ddompa avtarroyng HELLO pnvopdrov €xet
peydAn enidpacn oy akpifeia g TANPOPOPIAG yio.
T YEToVId £VOG KOUPOV, €101KE dTav 1 KvnTIKOTNTOL
glvar vymin

 nv, = neighbor variation of host x

__ number of hosts joining or leaving the neighbor set in the past 10 sec

| neighbor set | * 10

* hi, = hello interval tov host x

= max(himin’ (nvmax - nvx) * himax/ nvmax)

01/12/2005 Tpipa Mnxavikav HIY, ToAemkovwviay kat Aikrowy, MavemoTipio Oeogahiag
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| ITxpapetot

* 10, =0.02
* hi_; = 1,000 ms

e hi_ =10,000 ms

max

01/12/2005 Tpipa Mnxavikiv HIY, ToAemkovwviy kat Aikrowy, MavemoTipio Oeogahiag

‘ Neighbor Coverage pe ouvapxo
orxotnpo “Hello” pnvopatwy

* H reachability BeAtidvetot
o€ Oheg Tig ToOTNTEG !!

100%
90%
80%

0% .
0% Hoapatmpnioeic: ‘

50% 1. Mikpdtepo saving ce
40% VYNAEG TodTNTEG

30%
20%
10%

0%

2. Tlepiocdtepo saving
G€ TUKVOTEPO SIKTLO

%) Maximum speed
(a)
01/12/2005 T u a Mu‘awkmv H/Y, Tqumxolvwvlwv Kal AIKTOWV, I'Iuvtrrluvu' uio BEO‘O‘G)\ius
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Xuvoym emidoorng (SRB vs.

RE)

100%, —— 100%, £
o xA018T1 X 80% foorss A
80%x prooras YAl @ lcon = Flos
« Ne-oHI = Fiosdng 0% g
m 60% T < @ °
i . o
B 40% & a0% x
0% ° 20% ( ol
0%
0%
60% 70% 80% 90% T00%

RE 80% 85% 90% 95% 100% dense network RE

(3x3)
dense network

dense network

1Oon/nu =2 ©C=6
(Ix1) 80% fooras a " (7x7)
Toni & feosng
o 60%
['q
O 40%
X
20%
0%
RE 80% 85% 90% 95% 100%
01/12/2005 u ﬂMu‘GVIKmV HIY, TuAEWIKmeVIh})V Kol AIKTUWV, nuvtmanj 10 BEO‘O‘GMﬂs
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