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

* http://skyblue.csd.auth.gr/~dimitris/courses/mpc_tall05/

— books/
* Avo edited pipiia yio Ad Hoc networks

— lectures/

— papers/

— proj_papers/

— present_papers/

e TomoBetovvTon 01 dPAVELEC TOV EMOUEVOL LOONUATOC

» TomoBetovvtou Ta research papers wov aviiGToOLYOVV GE KAOE
otdrecn. Ta onuovtikd pe tpobepo MUST BE READ
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‘ ITegteyopeva

o Awoyeipron 0éong: LeZi-Update
* Kivnta Ad Hoc oiktoa

— To npdPAnua twv Broadcast Storms
e MéBooot yia 100% kdioyn (reliable) (eropevn Siaheén)
e MéBooot yia un gyyonuévn (100%) kdAvyn (non-reliable)
— Mn-npocapuolouec nébooot
— IIpocappolopec nébooot
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Katnyopromoiney teyvixmy

Update Schemes
(defines the update criteria)

When ‘exit’ the database

When ‘reach’ the database

Threshold assignation
(decision finalized
at registration)

Individual computation
(evaluation at
each movement)

01/12/2005

(LA boundary assignation)
Static Dynamic
same LA shapes .
( for all) P (varying LA shapes)
GSM/GPRS standard Directional-based
TLA Profile-based
TrLA

Time-based
Movement-based
Distance-based
Prediction-based

Probability-based
State-based
Lezi update
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‘ 2.0vodr] eDEEONG X IVNTWY

T1 (granularity), mo¥ (availability) note (currency) va amoOnkevtel

o€ OAa Ta onpeia

A

o€ €TMAEYUEVA oNUEia
(171.X., O€ ouxvouc callers)

OAo TO
OIKTUO

Availability

[MouBeva

AkpIBA
Béon
\d Curr
\< Gfa“u\a“ Y Moté ency —
EVNUEPWON [Mavta evnuépwon (o€

KAOe Kivnon)
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‘ H teyvixn LeZi-Update (1/11)

* Movtéha TomoAOYiOG OTKTDOV
— YEMUETPIKA LOVTEAQ
— ovufoika povréia
* Toa yeouetpikd LoviEro
— EdYxolo
— I'evika
— Emutpénovv mpofieyn
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‘ H teyvixn LeZi-Update (2/11)

f@® ® e
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H teyvuem LeZi-Update (3/11)

User movement between 9:00 a.m. and 9:00 p.m.

Time a.1m. p.m.
[1:04 11:32 157 318 4:12 4:52 5113 611 6:33 6:54
Crossing a—h b—=a a—=0b h—sa a—=b b—=c¢ —=d d—=c =" b=a

Axorovdia avaeopmv o10pOpOV GYNUATOV EVIUEP®GONC BEong

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

Time-based (T = 1/2 hr) aaaaabbbbbbbbaabcddcaaaaa . . .
Movement-based (M = 1) abababcdcha .. .

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

Time- and movement-based (T = 1 hr. M = 1) aaababbbbbaabccddcbaaaa . ..
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H teyvuen LeZi-Update (4/11)

01/12/2005

Definition 1. The movement history of a user is a string
“vivavs ... of symbols from the alphabet }, where 17 is the
set of zones under the service area and v; denotes the zone-id
reported by the 7th update. Consequently, v;’s are not neces-
sartly distinct.

Definition 2. The mobility model of a user is a stationary sto-
chastic process V = {V;}, such that V; assumes the value
v, € ¥ in the event that the /th update reports the user in
zone v;. The joint distribution of any subsequence of V;’s is
invariant with respect to shifts in the time axis, 1.e.,

Pr[vl — L"‘]:' VZ — 1"125 ey l/}? — UH]
=PrlVigg=v, Vouu =02, .., Vi = vl (1)

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

T v axolvbia avapopdv: aaababbbbbaabccddcbaaaa

=P [onorant model.| 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 =Tp =T =g =T =Af =7 =7 = 1/8 =
0.125. The assumption of uniform probability distribution
suffers from the consequence that no single paging strategy
can be adjudged better than another in terms of average paging cost

== /ID model.| The IID model assumes that V;’s are indepen-
dent and identically distributed. Using the relative frequen-
cies of the symbols as estimates of residence probabilities, we
obtain the residence probabilities as 7, = 10/23 =~ 0.4335,
m, = 8/23 ~ 0348, 7, = 3/23 ~ 0.13, ny = 2/23 ~
0.087, and 7, =75 =7y =) =0.
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‘ H teyvixn LeZi-Update (6/11)

12
__ 1/3 ) . 173
'l?-...___________,.r" “Ei..___________..v""
3/8 1/3 112

| Mtrkov model. | The simplest possible Markov model as-

sumes that the process § 1s a time-invariant Markov chain,

defined by

Pr[Vi =w | Vi=v1, ..., Vit = ve—1]
= Pr[Vi = v | Vi1 = w1
=Pr[Vi=vi | Vi1 = vi—1]

for any arbitrary choice of k and 1.

[Tivaxog mBavotntov petafoonc: P =

1/3

/2

1/3
0

0
/8
1/3

)
I I.'III..'_.
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H teyvixn LeZi-Update (7/11)

* Oporoyia
— Markov povtého — Markov povtédo taéng 1
— 1ID povtélo — Markov povtéro tdéng 0
— Ignorant povtéAo — Markov poviéro tédénc —1
— YynArotepng taEneg povtéda ? Asite tov nopakdto mivako

Contexts of orders 0, | and 2 with frequencies.

Order-0 Order-1 Order-2

a(10) ala)y blce(ly alaa(3) alba2y alcb(l)
b(8) b |a(3) cle(l) b|aa(2) b|ba(ly d|cc(l)
c(3) a | b3y d|e(l) a | ab(l) al| bb(ly d|cd(l)
d(2) b| b(4) c|ld(ly blab(ly b|bb(3) b|de(l)

c | b(l) d|dily ¢ |ab(l) ¢ | be(l) c|dd(l)
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‘ H teyvixn LeZi-Update (8/11)

To trie (digital search tree) yio OAa Ta contexts pEypt
TAENC 2 Y1 T aKkoAovBio ToV TOPAOETYLLOTOG

*AvEnon g TdENGS eUmAOVTICEL TO LOVTEAD?
o2& o0, TAEN OTAUATALE?
* X PNGLOTOLOVUE UOVO TN LEYOAVTEPT TAEN 1) Kol OAEC TIC EVOLAUEGES?
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H teyvuem LeZi-Update (9/11)

*  Aueca N éupeca (kKdmowa amd) To oynuoto evnuépmong BEong kpatovcay
otnv cache tovg 1o (ta) cell (M location area) ID ko pe Bdon avtn tnv
TPNPOPOPLL EKOVOV TNV EVIUEPWOOT

* O aryopiBuog LeZi-Update Aertovpyel mapouoia, otédvovtog onddeg ID
LOVO OTOV aLTN 1 OUAdO OV £YEL COVOELUPOVIOTEL

¢  Oewpuviac TNV akoAovdia: aaababbbbbaabccddcbaaaa

* Tnv xdvel parsing o€ QpAcelS o¢ eENG: &, aa, b, ab, bb, bba, abc, ¢, @,
ac, ba, aaa, . .

e O pnxaviguocg gival 0 TTapaKATW:

The algorithm LZ78 parses the

input string “vy, va,.... v, . where v € 17, into c¢(n) distinct
substrings wy, wa, ..., Wq(,) 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 w;, for 1 <1 < j. Because of this prefix prop-
erty, substrings parsed so far can be efficiently maintained ina trie
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‘ H teyvixn LeZi-Update (10/11)

Trie yio Tov kAaokd adyopiOuo LZ78
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H teyvixn LeZi-Update (11/11)

aa ab bb

acty ) (eft) @

Trie ywa Tov emavénuévo adyopiBuo LZ78: TNa

Kd0e pdon ewoaydyovue OAa ta emBepatd (suffixes) g
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‘ H teyvixn LeZi-Update (12/11)

null
null

initialize dictionary
initialize phrase w
loop

wailt for next symbol v
if(w.v in dictionary)
W W.V
else
encode <index(w),v>
add w.v to dictionary

W null
endif

forever

initialize dictionary
loop

null

walt for next codeword <i, s>
decode phrase dictionary
add phrase to dictionary

increment frequency for every

prefix of phrase
forever

)

[1]

Figure 5. Decoder at the system.

initialize dictionary
loop

null

Figure 4. Encoder at the mobile.

walt for next codeword <1, s>
decode phrase dictionary [1]
add phrase to dictionary

increment frequency for every prefix of

every suffix of phrase
forever

.3

01/12/2005

Figure 7. Enhanced decoder at the system.
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‘ H teyvien LeZi-Update (13/11)

01/12/2005

Result 4. The symbol-wise model created by the incremen-
tal parsing asymptotically outperforms a Markov model of
any finite order and attains the finite-state predictability. At
any point, the effective number of states in the incremental
parsing model 1s O(c(n)) and the equivalent Markov order is
O(logc(n)). Moreover, for stationary ergodic sources, it at-
tains the predictability of the universal model.
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H teyvixn LeZi-Update (14/11)

*  YmoO&tovue OTL TPEMEL VA TOPAODGOVLE KANGT Y TO KIVNTO KOl 1)
TeEAvTOiN YVOGT TOL £YovLE Yia, TN BEon Tov glval: aaa

* Toa contexts mov umopoVUE VO YPNGILOTOGOLLE Elvar Ta suffixes
TOV aao. (EKTOC amd TO 1010 PUGIKA), ONA., aa (Tdén 2), o (Taén 1) kot
10 A (1d&N 0)

o Ilpota mpénel va Ppodue OAa o TOAVA LOVOTATLO TOL UTOPOVV VO
TpoPAe@TOVV LE aVTd T, contexts:

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

aa (order-2) a (order-1) A (order-0)

alaa(l) ala(2) a(d) ba(2) d(l)
A aa(2) aa | a(l) aai(2) bb(1) de(l)
bla(l) ab(l) bba(l) A(l)
be | a(l) abc(l) be(l)
A ais) b(3) c(3)
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H teyvixn LeZi-Update (15/11)

«  Koatomv, va vmoloyicovpue Ti¢c unconditioned mBavotTnTEC EUPAVIOTC AVTOV
TV epdcemv pe blending (m uéBodog vroroyiopov eényeiton otn o1dhetn):

Probabilistic prediction of individual symbols on path until next update.

Phrase Pr|Phrase] d b C d

a Ly 2+ 1(5)1=05391 05391 00000 00000 0.0000
aa b +3(E)) =00957  0.0957  0.0000  0.0000  0.0000
ab 211 (5) —0.0145 00073 0.0073  0.0000  0.0000
abe 213 (5)) =0.0145  0.0048 0.0048  0.0048  0.0000
b 2E+ 1)) =01104 00000 01104 0.0000  0.0000
ba {1(%)) =0.0290  0.0145  0.0145  0.0000  0.0000
bb 2135 —0.0145  0.0000  0.0145  0.0000  0.0000
bba 211(H)) =0.0145  0.0048  0.0097  0.0000  0.0000
be E+3(F)] =00812 00000 00406 0.0406  0.0000
c 215 =0.0435  0.0000  0.0000  0.0435  0.0000
d 3 (35)) =0.0145 00000 0.0000  0.0000 0.0145
de 213(H)) =0.0145  0.0000 0.0000 0.0073  0.0073
Sum 0.6662 02018  0.0962  0.0218

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



‘ ITegteyopeva

* Awyeipion B€onc: LeZi-Update

 Kivnta Ad Hoc oilktvua

— To mpopfinua tov Broadcast Storms

01/12/2005

 Mé&Booor yia 100% kaivwyn (reliable) (enépevn duaretn)
 Mé&Booor yra un eyyonuévn (100%) xaivoyn (non-
reliable)
— Mn-npocappolopes pédooor
— Ipocappolopec néBodor
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‘ Doowneg nouTotyYIOEg
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‘ Mmogodv ot avlowmot va
TQOXAAEGOLY KoUToLYIOEG?

01/12/2005
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Koatoyideg oto Internet

01/12/2005

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: ****@*** yniversity.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

XXXXXX XXX XX XXX XXX XXX XX XXX XXX XXXXXXXXX

(a 3-page long email ...)

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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Call for Papers

01/12/2005

Dear Friends,

Sorry if you receive the duplicate messages.

But please distribute the following message to your friends.

Prof. *** University of %%%

3k 2k sk sk s s sk sk sk s sk sk sk sk sk sk s sk sk sk s sk sk sk s sk sk sk skosk sk sk s sk sk sk s sk sk sk sk sk sk sk sk sk st s skoske sk skoske sk sk sk sk sk

Call for Papers
International Conference on ???7?
I1C?7?'99
to be held 1n ?77?, 7?7?, January ??7?, 2006
http://www.???/cont/1c??799

THEME:
Research on mobile computing is gaining more and more attention ...

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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ITepiypappa vtorotmyg Sroeheéng

* Mobile Ad Hoc Network (MANET)

« Kivntpo

* To npoPAinua tnc Kartoyiooc Exmounmv
(Broadcast Storm)

e AVocELC
— Mn npocapurolopeveg ADGELG
— IIpocapupolopevec AGELC

o [Iepapatikd amoteAEopOT
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MANET

« MANET = Mobile Ad Hoc Networks

— 20volo Kivntov hosts, eEomMopéva e TOUTOOEKTN
— Oy otaBuoi faong; Oy vwodounctabepov o1kTOOL
— multi-hop emkowvavia

— Amnouteitonl Tp@TOKOALO OPOUOADYNGNC TOV Vo, UTOPEL VoL YEPLoTEL
uetaPairdouevn tomoroyia

| E—

RN
= = T

M <X [z
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‘ MANET pe napteg Wireless LAN
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‘ Egoopoyes twv MANET

01/12/2005

TEOLOL LAY OV

TEPLOYEC PLUGTKMOV
KOTAGTPOPOV

GTOAOL GE MKEQVOVC

IGTOPIKEG TTOAELG

oKtV GO T POV

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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Agoporoynor oc MANET

 IIowo eivarl 10 TpoPAnua?

— Mvupunykia. Tov yayvouvv yio eoynTto

e 20VTOUT TEPIANYN

01/12/2005

— Dynamic Source Routing (DSR)

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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‘ Muopunyxia Tov Poyvouy Yo QoynTo

01/12/2005 A i
Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag



Muppnyxie Tov Yayvouy Yot eaynTo

Mest Faaod Faood
. % -
llllllllllll l“;'l ﬁﬂ# #:lm"m m"""""ﬁm"ﬁ# #:I [T n |||||::mmmm:#mﬁm I*‘_‘ulllllllllllllll
. o T % =k
o W e - » -
# Obstacl
stacle
il Ej
Food % 3 Food
e " % ™ "
#ﬂﬂ## T T R - e
L L
Obstacle Obstacle
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mmﬁpaw otV avalNTNoY| TV
HOQUN VXY

* Evpeon otoopounc:

— Avalntnon tov Tonobeciov HUe eaynto

* [IpomOnon makétwv:
— Metopopd Tov eaynToL GTN POALL

e 2VVTNPNON OLOOPOUNG:

— Otav T0 @oyNTO HETUKIVEITOL GE VEO LEPOC

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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‘ DRS (Dynamic Source Routing)

* Koat’ arwoaitnon (on-demand), OnA., oev vrdpyet
TPOVTOAOYIGUEVT] TANPOPOPTN OLOOPO LDV

* ApouoAidynon nnyng (source routing):

— Ot owopopég (routes) GNUATOO0TOVVTOL LE TATIPN
mAnpopopio (kaBe hop Kotaympeiton)

* AvO KUPLO TUNLLOTOL
— Evpeon owopounc (route discovery)
— 2Zvvtpnon owdpoung (route maintenance)

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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‘ ITaepadstypa DSR

Atltnon gvpeonc ormopoung

35

ATAvVTNOT 6TV GITNGT £VPEONS

o4

Source

)
N2

A N3-N4

Tt a

N1-N2-N5

N4

N3

™

N1-N3 N4

N6

N8

. 4N3N4N7

o I'qu"r'(;g._. :

NaNg A
\ 1N3N4N6

~—7 Destination

(a) Building of the route record during route discovery

N1-N2 N5 N

N1l

AN2 N

N‘l NZ NS N8

N1-N2 NS- Ns, %'__-Ijés;tjnggion- '

¥ Figure 4. Creation of the route record in DSR.

01/12/2005
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Broadcast Problem

* Broadcast: amootoAn evog unvouatog 6e AAA0VG hosts

— IL.x.: Route search ce MANET
. \
— ILy.: mpotdékoAra DSR, AODV, ZRP < ‘ §
|
* YrnoOéoelg: \\} h
— H EZ’KTEOWU;[ siv.ou §pontaneous 7 h B < h
* Oy synchronization

e Oy yvoon g kaBoAKng ToToAoYiog OIKTHOV
— H exmounn eivat unreliable

* Oy no acknowledgement oroloonmote €idovg
— TN va amo@iyel emdeivwon tov contention
— 100% reliability dev givon amopaitntn oe HEPIKES EQAPUOYEC

— Oy RTS/CTS dialogue

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ Broadcast pe ninppopida (flood)

» Straight-forward mpocEyyion

— "Evag host avapetaoioct (rebroadcasts) Eva
unvopa 0ty To AaPel yia tpmtn eopd

* Broadcast storm npofiinua.
— redundant rebroadcasts
— contention problem

— collision problem

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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‘ 2.0Bapog mAcovaopog (redundancy)

* BéAtioto broadcasting XoBapotnta g
vs. flooding Redundant Coverage.
(a) optimal = 2 steps
(b) optimal = 2 steps

(@)

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



Avaiveor, g Redundancy

* Additional Coverage « H expected additional
TOV TOPEYETOL |LE coverage FAC(k)/7r?
rebroadcast LeTA ov £vag host

— H max. emmléov EYEL AKOVOEL EVOL
coverage gtvon 61%. LVOLLOL Y10, k POPEC

— H coverage etvon 41%
KOTA LEGO OpO

045
04
0.35

o
(9%}

0.25

EAC(k)/mr?
o

o o

—_ U DN

0.05

0 & 0 >

1 3 5 7 9 11 13 15
No. of transmissions heard (k)
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Avaivor tng Contention

 Ortav évag host broadcasts, * cf(n, k): Ot mOavOTNTEC

Ol YELTOVEG 10V £tval va, £yovue k contention-
mOoavov va contend with

each other for the medium. free hosts petacy 7 hosts
- A==>B,C,D mov Aappavovv to onua

— o1 B, C, D could seriously
contend with each other

5 5
Total no. = © 7 2 3 7 6 No. of
of hosts () content-free hosts (k)

01/12/2005 TuAua Mnxavikwv HY, ThAemikoivwviwy Kal AikTOwy, MavemoTtApio Osooaliag
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‘ Avaivor g Collision

* MeyaAvtepn mbavotnta collision:

— Ta rebroadcasts gtval mBavo va ekviicouv tny 1010 GTiyun

* To backoff window runs out €dv to néco ivar novyo Yo Eva SLdcTUO
— éAhewym tov RTS/CTS dialogues
— €Mewyn tov collision detection (CD) edv tpokvmtel collision
— tpOPAnua tov hidden terminal

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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ITi0oveg Abaelg Yoo Broadcast

01/12/2005

Probabilistic oynua
Counter-Based oynua
Distance-Based oynuo
Location-Based oynua

Cluster-Based oynua

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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‘ Probabilistic oynuo
» Rebroadcast pe “Piym Copiov”

* 'Evag host mavta kavel rebroadcast pe mbavotnra P
— Ortav P =1, &ovue mAnuuopiouo
— Muwpdtepo P Oa ehattdoel 1o TpoOPANUO TNS KATOLYIOOG

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag
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IlxpapetQol TQOGOUOLWAENG

* 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
e map: (1 unit = 500 meters)
— 1x1, 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,
ete.

« IEEE 802.11 without PCF (point coordination function)

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ Eni6oon Probabilistic aynpatog

RE = REachability (pe ypaupéc) Latency
SRB = Saved ReBroadcast (ue bars)

| 1 x 1 0.14
Ea 3 X 1x1
] 3x3 012
] 545 '
X 3x3
e 7x7 5‘0'10
S
C—19x9 D)
= 0.08 A 5%5
C—11x11 T)
80
X 1x1 o 0.06
g & IxT
X34 004
A 5x5
O  9x9
O 9x9
0.00 O 11x11
P 02 0.4 0.6 0.8 1.0 O 11x11 P 02 0.4 0.6 0.8 1.0
(a) (b)

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



ITxpatnonostg

* Reachability:

— 2 WKpOTEPO Maps, Eva Lkpo P eival apkeTo yio va
emitevyOel ueydin reachability.

— Meyalvtepo P amorteiton o€ peyaidtepo maps

 Saved Rebroadcast:

— I'poppixn oyéon ue to P

* Latency:

01/12/2005

— (Evownpépovsa mapatnpnomn) Ze LKPOTEPEC TEPLOYEC,
T EKTOUTN OAOKANPDOVETAL UE UIPKOTEPT] TOYVLTNTOL

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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‘ Counter-Based oynpa

* Eav évac host €xel AaPet Eva
broadcast packet > C popec,
— Tote, va unv to ekmepyel Eava

e Tlopaoeiypata: Addition Coverage

0.45
— 1 popa =>41% 0.4
— 2 @opéc => 19% 0032
— 3 popéc=>9% 2025

L = 02
— 4 popec => 5% E 015
— >4 popécg, oA AMyn extra 0.1

TEPLOYN 0’0(5) . oo J

1 3 5 7 9 11 13 15
No. of transmissions heard (k)

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘A}» oot0uv.oc Counter-Based

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

—fl Wait for a random number of slots

Y
Increase c by 1

N
Cancel the
transmission

01/12/2005 TuApa Mnxavikwv HIY, TnAemkoivwviwy Kai AIKTowy, MavemoTtipio Osooaliag

If msg is heard again?
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‘ Eniéoor, Counter-based oyvpotog

* Metafarrovue to C=2, 3, ..., 6 Ko
KOTOYPAPOVUE TNV ETLO00T
— Meyalivtepo C onuaivel mepiocodtepo rebroadcast

100%

80%

60%

SRB, RE

40%

20%

0%
C

01/12/2005

1x1
=) 3x3
 I— )
/= 7x7
C9x9
C—J1x1a

X 1x1
X  3x3
5x5

=7

9x9

o o ¢ b

11x11

(a)

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag

0.10
0.09

e e
S o o
X Q3 X

S
[}
g

0.03
0.02
0.01
0.00

Average latency
S
S

2 3 4 5 6

(b)
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ITxpatnonostg

* Reachability:

— C >= 3 npoopépet reachability cuykpioiun pe v
avtiotorym tov flooding

 Saved Rebroadcast:

— 2€ TUKVY TEPLOYN], EMTVYYAVETOL TEPLOGOTEPO Saving
€ 0PALOTEPT TTEPLOYT), ALYOTEPO saving

* Latency:
— MeyaAbtepn latency oe pukpdtepn meployn

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Distance-Based oympo

* YmoAoYIoUOC NG amooToon S atd Tov host mov
GTEAVEL TO UNVLULOL

* d . = Min{the distance to each sending host}

 Eavd, <D (kotoeAl), t0te Oyl rebroadcast

* Iloc va vmoloyicovue TNV amOGTOC: /
— EVTUGT GNUOTOC
— ovokeveg GPS

01/12/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTOwy, MavemoTtApio Osooaliag
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‘ Alyopfpog Distance-based

01/12/2005

52

Initialize the d_.. when a

min

broadcast msg is first
heared

Wait for a

number of
slots

Y

Cancel the transmission

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag

random =~ the msg heard again

Y
Update d ;.

Procedure exit

Submit msg

N
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Enidoon Distance-based oynpatog

* MetaPdAiiovue to D= 147,72, 37,20, 11 ko
KOTOYPAPOVUE TNV ETLOOCT

— Muwpotepo D onuaivon mepiocdtepo rebroadcasting

[ 1 x 1 0.14
100% ﬁw X 1x1
[ 353
o——0 o—o— o 0.12
swp | p—o—o——o— o x
3x3
1 7x7 50-10
=
i 5
= 60% 2 0.08 A 5
5 C—J1x12 To)o
S o x wm @ 006
40A) g X z~9 O Ix7
X 9% 2 0m
A 5x5
209
/0 . - 0.00 g——=o O—o0——n 0 %9
X7
O 99
0% 0.00 O 11x11
D 147 72 37 20 11 O 11x11 D 147 72 37 20 11
(a) (b)
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[Tagutnenoy

e [ emAéCape to D =147 7?

— addition coverage = 0.187, ion ue ot TOL AVTICTOLYEL
oto C=2

* Reachability:

— 2vykpiowun ue to flooding.

 Saved Rebradcast:

— Oy 0wdtepn

* Latency:

01/12/2005

— Muwpdtepn weproyn €xet uoryalvutepn latency

TuApa Mnxavikwyv H/Y, TnAemikoivwviwy Kal AIKTOwyv, [lavemoTiuio Oecoaliag
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Location-based oynpx

e Amo6 10 GPS AapPavooue t B€on avtov mTov GTEAVEL
* 'Eoto (X1, ¥)), (X5 ¥5)s (X35 ¥3)5 s (Xp> Yi) OL OEGEIC TOV OTOGTOAE®V

— Mmnopovue va vroloyicovue pe axpifela tnv additional coverage avtov Tov
rebroadcast.

No Extra Coverage Some Coverage
VAN
»I \

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog




‘ AlyopiBpog Location-based

Initialize AC (the additional

coverage) when a broadcast
msg is first heared Update AC

Wait for a random
number of slots

Hear the msg again?

Y
Cancel the
transmission

Y
Submit msg

01/12/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTowy, MavemoTtipio Osooaliag



AvOAOMEC

01/12/2005

o [Iepimloka podnuatika yio vo
VTOAOYIGOLUE TNV eXxtra coverage.

e IIpocéyyion:

— mpocopoimon grid

O00000O00OO0OO0OOOOOOOOOOOOOOO
O0000000O0OO0OO0OOOOOOOOOOOOO

O00000O00OO0OO0OOOOOOOOOOOOOOO
O00000O0O0O0OO0OO0OOOOOOOOOOOOOO

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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‘ Eniéoor Location-based oynpartog

e MetaPdAriovue to A (addition coverage) and 0.1
ueyxpt 0.01.

— Mikpotepo A onuaivel meprocOtepo rebroadcast

SRB, RE

] 1% 1 0.08
100% X 1xt
[ 3% 3 0.07
. === 5x5
80% 0.06 X 3x3
== 7x7 C>;.
= 0.05 <
C—J9x9 o
60% = A 5x5
il "5 0.04
X 1xl &
X
40% 5 0.03 O X7
i X 3x3 %
20% A 5x5 0.02
()} O 9x9
& WX 0.01
g  9x9
0% 0.00 O 11x1l
A 0.1871 0.0913 0.0469 0.0251 0.0134 O 11x11 A 0.1871 0.0913 0.0469 0.0251 0.0134
(a) (b)
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[Tagutnenoy

e Tt emA&yooue A =0.187 ?

— Avt eivar additional coverage mov avtiotoyel
oto C=2

* Emtuyydvel Tnv KOAVTEPT ETIOOGCT) GE
oYEoM UE OAN TOL TpoavapEPBEVTA Gynuato.!

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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Toononompevo Location-based oynpo
* 'EAgyyoc moAvywvou

— Edv évac host eivon péoa 610 moAvymwvo, mov oprobeteitar and T 0€oelg
TV amootoAémv, T0te MHN EKTEAEIX rebroadcast. (Eik. (a))

— AAMawc, rebroadcast. (Eiwk. (b))

— Edv évag host eivan péoa 610 KpTd TOAVY®VO, 1| LEYLoTN additional
coverage givat kdto and 22%. (Eik. (¢))

(c)

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



20vod emtiboaong Twv pebodwy

e Kopla pépuva

— Extra coverage uog rebroadcast

* AL0QOPETIKG emimeon akpiPelag:

— probabilistic, counter, distance, location, polygon

* Emniooon:
— Flooding < Probabilistic oynua < Counter-based oynuo
< Distance-based oynuo < Location-based oynua

01/12/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTOwy, MavemoTtApio Osooaliag
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Cluster-based oynpa (1/2)

o AAyOp1Buoc oynuaticov oudowv (clusters)
— KdO¢ host £xel Eva povaowco ID

— "Evog host pe 10 tomikd pikpotepo ID Oa
EKAEEEL TOV E0VTO TOL OC KEPUATN TNG ONFOOS
(cluster head)

— AvtO¢ 0 head host uodi ue tovg yeitoveg tov Ha
oynuaticovv éva cluster

— Avtol o1 yeitoveg Oa amokaAovvTol pEAN
(members) tov cluster

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog



Cluster-based oynpa (2/2)

* Cluster formation protocol:

— To rebroadcast tov head umopel va kalvyel
OAOLC TOLC LTOAOITOVG hosts Tov cluster edv 1
LETAOO0GT 0€V LITooTeL collision

— O1 gateway hosts Eyovv tnv €OV TG
AVOUETAOOGTC TOV UNVOLOTOC 6TOVG hosts TV
dALoV clusters.

— Agv vrdpyetl avdaykn vo ektelécel rebroadcast
TOV UNVOUOTOC £VO hon-gateway HEAOG

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ AlyopBpog Cluster-based

01/12/2005

A broadcast msg is heard for
the first time.

Rebroadcast is prohibited

Use any of the probabilitisitic,

counter-based, distance-
based, and location-based
schemes to determine

whether to rebroadcast or
not.

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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SRB

2 yeon petoby reachability »ot saving

* Ta onueia KOVIIVOTEPO GTNV TAVE® 0EELE YOvia elval KaADTEPQ

100% 80%
C2

80%
60%

60% o C o C
¢ D o D
O A 540% o A
40% 7
X P X P
20% 20
0
D37
P D20
0% ]X 0%
RE 96% 97% 98% 99% 100% RE 98% 99%
(a) 1x1 map (b) 3x3 map
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50%

‘ RE vs. SRB og peyaddTeQovg maps

60%
“ C2
N A.187
40%
40%
boc 30% || O
o o D - o
A o A e o
20%
20% X P a
10%
P1
0% 5 0%
RE 90% 92% 94% 96% Qé% D 100% RE 70% 75% 80% 85% 90% 95% 100%
(c) 5x5 map (d) 7x7 map
40% 30%
25%
30%
20%
1l o c
D
@ 20% @ 15% ©
%) n O A
10% X P
10%
5%
0% P1 0%
RE 50% 60% 70% 80% RE 50% 60% 70% 80% UO%
(e) 9x9 map (f) 11x11 map
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66



ITgooxgpolopeveg pebodot yru
avoxoLploy] Twv Broadcast
Storms e MANET’s

01/12/2005 TuRua Mnxavikwy H/Y, ThAsmikoivwviwy Kai AIKTuwy, MavemoTtipio Osooaliog
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ITxpatnonostg

¢ XTI TPONYOVUEVEG ADGELS, TOL KATOPALO TTOV
ypnolponmotovcaue ntav OAA XTAGEPA

— OXI gvaicOnta oty Tp€Yovca KATAGTAGT) TOV OIKTVOV

— THapdoeryua: Xto counter-based oynua, TOavo vo
YPELOGTOVUE OLOLPOPETIKO KATOPAL C avAAoyd Le TNV
TUKVOTNTO TOV OIKTVOV

e Twati va unv £yoovue SLVOLIKA KATOQALO,
TPOGOPLUOCOUEVO, GTNV KOTAGTOCT TOV OIKTVOV?

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ Al: Adaptive Counter-Based oynpa

« Kd&Oe host mpocotopiletl 10 010
TOV KOTOPAL aveEhpTnTQ
— H otaBepa C yivetou mAcéov i A
cuvvaptnon C(n)
e OTOL n €ival 0 APOUOG TOV
YEITOVOV TOV

— 2vviotouevo oynua e C(n)
 Il&vta rebroadcast eav 10 n
etvat pikpoTePO amo n,
e Avoakontovpue to rebroadcast
YPOUUIKA LEYPL TO N, KO
KOTOTLV TO 6TAOEPOTOLOVLE

01/12/2005 TuAua Mnxavikwv H/Y, ThAemikoivwviwy Kai AIkTowy, MavemoTtipio Osooaliag
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‘ ITpocogpoyy, #opTOANG Ylot GLVALIXO
uetomty| (adaptive counter)

Counter threshold
O = DN W A O O

1 2 3 4 5 6 7 8 910111213 1415 16
No. of neighbors

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ A2: Adaptive Location-based oynp«

« Kd&0O¢e host mpocotopilel 10 01O TOV KATOPAL aveCApTnTa
— H otaBepa A yiveton mAgov pia cuvaptnon A(n)

e 2uvioToOUEVO oynua s A(n):
— Ildvta rebroadcast 0tav 10 1 glvon puKpoOTEPO Ao 71, (LE AVOTNPO KATOPAL)
— Avaxontovpe rebroadcast 6tav to n glvor peyoldtepo amod n, (e xohopo

01/12/2005

KOTOPAL)

0.2

A

A(n)

}H

1

n,

i,

=&

Tunpa Mnxavikwv H/Y, TnAemikoivwviwy Kail AIKTOwyv, MMavemoTtApio Oscoaliag
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ITpocugpoyy| ®apmLAYG Yo
Suva o xotwei Beong

0.2

0.15 |

Coverage threshold

6 7 8 9 1011 121314 15 16
No. of neighbors

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ A3: Neighbor-coverage oynua

e 210Y%0C:
— Oy avaykn positioning devices
— XpNon arhoV LOVTELOL YPOPTLOTOG
* Opiopoc:
— Coverage = 10 cOVOAO TV hosts wov Ba “kaAvEOOVHY” v Evag
host exteAécel rebroadcast

 Kavovec:
— "Evag host Ba avapetaodoel povo edv vapyetl Evog 1-hop yeitovac

OV O&V KAADTTETOL OO TIC TPONYOVUEVES OVAUETOOOGELS (€E’
0oV Yvopiler)

— "Evog host yvopilet
e Tovuc¢ yeltovég Tov
» Tovg yeitoveg kaBevOg amd TOVE YELTOVOVE TOV

% N wAnpoopia ot cvAréyetan pe meprootkd HELLO packets

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ ITxpad. Neighbor-coverage oynuo

* O red host oev Ba * O red host Oa
OLVOUETOOOGEL OLVOUETOOOGEL
— neighbor coverage — neighbor coverage ogv
elval KevO elval Kevo

01/12/2005 TuRua Mnxavikwy H/Y, ThAsmikoivwviwy Kai AIKTuwy, MavemoTtipio Osooaliog
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‘ Enidoon adaptive counter-based

Adaptive Threshold

= — ra [} = = (=51 (=
T T

7% 4 % 6 17 8 % 1011 12 13 1
Neighbor no.

% %1 3x3  5x5 7x7  9x9 11x11 %

Map size

 H AC Beltidvel onuovtikd TiC MO0GELS GE GYED
ue fixed C (2, 4, 6) 1600 y10. SRB kot RE

01/12/2005 TuApa Mnxavikwv HIY, ThAemikoivwviwy Kail AIKTowy, Mavemiotipio Osooaliog
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‘ Enidoor adaptive location-based

Adaptive ThreShOld — =0 1671 — A0 0469 [ A=0.0134 | | AL

—a&— A=01871 —— A=0.0469 —A— A=0.0134 —a— AL

= 100% 100%
0.15 } 90% 1 05%
80% 1 o0%

0.1 T0% 1 85%
0.05 B0% | so%
50% 1 75%

0 40% T0%
2 3 4 5 B 7T B 9 1011213 i 30% 65%
Neighbor no. 200% 60%

10% 55%

0% 50%

P 1x1 3x3 5x5 7x7  9x9 11x11
& i

Map size

 H AL Beltiovel onuaviikd Tic EMOOCELS GE GYECT LE
fixed L (0.187, 0.046, 0.013) t6c0 yioo SRB ka1 RE
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‘ 2uv. emtiboan TV adaptive oyNUATOY

AT AL N —we— AT —— Al —&— NC

100% — d—— /l” 100%

90%
80% 1 95%
70%
60% 90 %
50%
40% 1 85%
30%
20% J“ 1 80%
10%
0% h—‘ J 75%

E 1x1  3x3 5x5 7x7 9x9 11x11
% Y

Map size
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Beltiwpevo oynpo Neighbor-
Coverage
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‘ Avvopno OloTnpot AVTUANLYNG HELLO

* The owdotnua avtorioync HELLO unvoudtov €yet
LEYAAN emiopacn otV akpifela Tng TANpoeopiog yio
TN YEITOVId VOC KOUPOoV, E101KA OTAV 1) KIVITIKOTNTA
etval vynAn

* 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(hi., (v . —nv,)*h__/nv

min’ ( max)

01/12/2005 TuApa Mnxavikwv H/Y, TnAsmkoivwviwy Kail AIKTowy, MavemoTtipio Osooaliag



‘ Ixpapetor

*n_. = 0.02

* hi_. = 1,000 ms

« hi__= 10,000 ms

01/12/2005
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Neighbor Coverage pe OLVULLIXO

oraotnpa “Hello” pnvopdatmy

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

0p)

01/12/2005

X 1 I 3x3 I 5x5
[ 7x7 CC19x9 C111x11
X 1x1 X  3x3 A 5x5
& IxXT7 O 99 O 11x11

20 40 60 80
Maximum speed

(a)

* H reachability BeAtioveran
o€ OAeC TIG ToyvTNTEC !!

100%
95%
90%
85% 8 , .
807, aPOTNPNCELC: |
75% 1. MwpOtepo saving o€
70:/° VYNAEC TaYOTNTES
gﬁj 2. lleproocoTtepo saving
55% GE€ TLKVOTEPO OTKTVLO
50%

L

Y
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‘ 20vod emtiboons (SRB vs. RE)

100%
o

SRB

© C=6
X A=0.1871

+ AL

| Flooding

(m]

C=2 0C=6 X+‘
AC A=0.1871
80%: A=0.0134 :AL @
e NC-DHI = Flooding
60% F
A X
B 40%
20% - <
0% ]
RE 80% 85% 90% 95%

dense network
(1x1)

70%
dense network

(3x3)

SRB

80%  90%

dense network

(7x7)
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