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M)

# ANE R L ¢ MANET = Mobile Ad Hoc Networks
* a set of mobile hosts, each with a transceiver
* no base stations; no fixed network infrastructure
* multi-hop communication

* needs a routing protocol which can handle changing topology
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= % 55 ;i d (Table Driven Routing)
e 1 # 3\ Proactive ¥ d

= 2 L3V d (On-demand Routing)
e ¥ J& ;% Reactive §& o
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Table Driven Routlng) & — B gk (110F

Fp L opkd £ (Routmg Table) » #& | *

BRI R P Rd T R

$o5 AT 2 d ¢ BER S .

* VAR P s EdE e £ B d $2 T (Destination-sequenced Distance-
vector Routing » DSDV) o

° ¥\ Wi L#ikd 12 2 (Clusterhead Gateway Switch Routing >

CGSR)
o mamptd % % (Wireless Routing Protocol © WRP)
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M)

= % ;'8 d (On-demand Routing) : ¥ 7 % - &2 3 & - if
B2l BiE4te B P o ghps o Fﬁﬁ;ﬁﬁo Ak EEA
T2 EFPPEI M BEd (AT AL R H
o BL o
e EEHIRA T (L1ghtwelght Mobile Routing * LMR ) -

o HTPFIE R FLIE T E 2 (Temporally-ordered Routing Algorithm -

o iy KRB d #% 2 (Dynamic Source Routing » DSR) -

e EAAHNZ «‘]"\ﬁ.ﬁ’@ﬁ‘-@ ¥ i%d 2 Z_ ( Ad Hoc On-demand Distance
Vector Routing Protocol » AODV) -

R B3 14 AL AL d 5 2 (Associativity-based Routing » ABR) -

i es T =k d i 3 2 (Location-aided Routing » LAR) -
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Example

From B to | Interface | Metric
B local 0

From D to | Interface | Metric
D local 0

From Fto | Interface | Metric
F local 0

From A to Interface | Metric
A local 0

From C to Interface | Metric
C local 0

From E to Interface | Metric
E local 0

From G to Interface | Metric
G local 0
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From Bto | Interface | Metric

B local 0

A N¢ 1

C S1 1
FromDto | Interface | Metric

D local 0

A SO 1

E S2 1

G S1 1
FromFto | Interface | Metric

F local 0

A SO 1

G S1 1

From A to Interface | Metric

A local 0

B SO 1

D S1 1

F S2 1
From C to Interface | Metric

C local 0

B SO 1

E S1 1
From E to Interface | Metric

E local 0

C SO 1

D S1 1
From G to Interface | Metric

G local 0

D SO 1

F S1 1
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From B to | Interface | Metric

B local 0

A SO 1

C S1 1

D SO 2

F SO 2

E S1 2
FromDto | Interface | Metric

D local 0

A SO 1

E S2 1

G S1 1

B SO 2

F SO 2

C S2 2
From Fto | Interface | Metric

F local 0

A SO 1

G S1 1

B SO 2

D SO 2

From A to Interface | Metric

A local 0

B SO 1

D S1 1

F S2 1

C SO 2

E S1 2

G S1 2
From C to Interface | Metric

C local 0

B SO 1

E S1 1

A SO 2

D S1 2
From E to Interface | Metric

E local 0

C SO 1

D S1 1

B SO 2

A S1 2

G S1 2
From G to Interface | Metric

G local 0

D SO 1

F S1 1

A SO 2

E SO 2
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From B to | Interface | Metric

B local 0

A SO 1

C S1 1

D SO 2

F SO 2

E S1 2

G SO 3
From D to | Interface | Metric

D local 0

A SO 1

E S2 1

G S1 1

B SO 2

F SO 2

C S2 2
From Fto | Interface | Metric

F local 0

A SO 1

G S1 1

B SO 2

D SO 2

C SO 3

E S1 3

From A to Interface | Metric

A local 0

B SO 1

D S1 1

F S2 1

C SO 2

E S1 2

G S1 2
From C to Interface | Metric

C local 0

B SO 1

E S1 1

A SO 2

D S1 2

F SO 3

G SO 3
From E to Interface | Metric

E local 0

C SO 1

D S1 1

B SO 2

A S1 2

G S1 2

F S1 3
From G to Interface | Metric

G local 0

D SO 1

F S1 1

A SO 2

E SO 2

B SO 3

C SO 3
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v e/ 2 2 . oA
E-BFER o Bd BEp2ZRED
A B C D
y SO SO y S1 SO N SO N SO
From A to | Interface | Metric From Bto | Interface | Metric
A local 0 A SO 1
B SO 1 B local 0
C SO 2 C S1 1
D SO 3 D S1 2
E SO 4 E S1 3
From Cto | Interface | Metric From D to | Interface | Metric
A SO 2 A SO 3
B SO 1 B SO 2
C local 0 C SO 1
D S1 1 D local 0
E S1 2 E S1 1
From Eto | Interface | Metric
A SO 4
B SO 3
C SO 2
D SO 1
E local 0
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e Maximum hop count : "] H B i #ic

e Split horizon :
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e Hold Down :
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Split horizon
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Routerl Router?
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2

48k B d R 5 2 ; Dijkstra’s Algorithm

Initial State: each host only knows its direct neighbors

® ® ©) s
2 1 ®
]
O——©—FC
Network
A B C D E F G
B/6 || A6 || B2 || A2 B/1 C/2 || C/5
D/2 || C/2 || F/2 E/2 D/2 || E/A4 F/1
E/1 G/5 F/i4 || G/
Link State Database

Figure 9.13
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Evolution of States in C

7. Place A in path.
Examine A’s LSP.
No nodes left.
Terminate.

Comments: This is a centralized algorithm, not appropriate.
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= Optimal Link State Routing (OLSR) :
e OSPF# if it sk A
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= DSDV : ¢4 4DVR:E {72 &+ @ 1§ o
 DSDV % 7 p = 93 B 5L78 (Destination-sequenced
Number) szedk o JI* P e J5 5 SR &k B9 2 3
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i d 2 % (DSDV)

P e T-Ba | BRESE (e ¥ - =Apid
Destinati .13 #c Sequence 2=
on Next Hop Metric Number Install

DSDViiuth @@ # - B &P 3R F 55 - BEd £

p ¢r% (Destination) : ¥ F|:E 2 & 8k o
T - R %?E@(NextHop) AIER - P E2 BE Yt - BApASE
Bt o

T % o BRdc(Metric) ¢ FIiE P e BEY P AT € iR eha 2L B o

75 B 5.5 (Sequence Number) & 0 BRI (TP T P AT  2 BE
/FE} o A7 4o FF 2. B A itﬁéi » W (e E BT ATREELIE € v - o

% - T Ap:a pF R (Install) © 2 B & 2h% — st H 0 §ghig (7 M pE e
b2 PERY o
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,fg}—%amﬁ e Ide

MH1

S216_MHI

= Example: & g8-MH1 & & 5 55
= TEF 2% tm AL 4 24 N .
De—sti;lation Next B4 SEEEEE s
Metric number Install
Hop
MH, MH, 2 S216_ MH, | T001_MH,
MH, MH, 1 S328 MH, | T001_MH,
MH, MH, 2 S546_MH, | T001_MH,
MH, MH, 0 S602_MH, | T001_MH,
MH, MH, 1 S312_HM, | T002_MH,
MH, MH; 2 S056_MH, | T001_MH,
MH, MH, 2 S128 MH, | T002_MH,
MH, MH; 3 S056_MH, | T002_MH,

MH4 4~ 45 e o 4
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VB R ﬁfv‘éﬁr& fé_ﬁéé ¥ %_(DSDV)

L | BEs | wARE : I
P e 2 : O MHG6
L #-% | Sequence S -]
Destination Metric number (»MI—!I =5217_MH} MH?2 / /' "\MHS
MH, 2 S216_MH, 5 % \ %;\_ - S
MH, 1 S328 MH, Q'/ = TS
MH, 2 S546 MH, MaHl . MH3 v
MH, 0 S602_ MH, | i
MH 1 S31I2HM, |
5 — g 2BEMHI1#5 # 3 %%MH%—}’MHS“ T
MH, 2 S056 MH, ) -
MH, 2 S128 MH,
MHlmJP‘ i & +§xp L e AN
PN 7 NN2 y 2 > 2 ﬁt‘ ~
MH4 - B 4573 D en AT8d 2 H Vﬁ)—? BEE YA e o P\? EEMHZQ jz"lz' i

/ﬂ ;u}%'ﬁ%u—l’i ;gﬁfl]} Ps-ﬁfl qv@_‘!;,«%’ ,’r“—_—»
MH23 % 2 MH1 © ‘& #731 -
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V4 y ] N/ ’
4
R b FE AR
= ﬂ} 4w X 2 }% 24 R 3
B - BAT& | BERE | ¥ - TP
.. 2t #ic Sequence =
Destination Next )
Metric number Install
Hop
MH, MH, 0o S217_MH, T001_MH,
MH, MH, 1 S328 MH, T001_MH,
MH, MH, 2 S546_MH, T001_MH,
MH, MH, 0 S602_MH, T001_MH,
MH. MH, 1 S312_HM; T002_MH,
MH, MH, 2 S056_MH, T001_MH,
MH, MH, 2 S128 MH, T002_MH,
MH, MH, 3 S056_MH, T002_MH,
a ZBEMH4 < F|MH2% 41 &2 MHI1 ¥ %rig 2 2
;tTG fe ey AT %

MNALLL S217 ML

(‘ MH1|3(S336_MHI

MH6

Q
‘\'VII[S

14 3% i

MH?

MH1{0|S336_MHI

2\ ﬁ\

MH1 VTl

& 8.MH1# # 2 MH72 MH8 %37
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/ _
= o EL 9 2
R chie FEHEw & B d B 2 (DSDV)
T - B o 5 , v _— - B .
Destination Next i equence Al Destination 3 .
Hop Metric number Install Metric number
MH, 0 S722 MH,
MH, MH; 3 $336 MH, | T510 MH,
MH 3 $336 MH
MH, MH, 1 S448 MH, | T0O01 MH, ! = 1
MH 1 S448 MH
MH, MH, 2 S666_MH, | T001_MH, 2 — 2
MH 2 S666 MH
MH, MH, 0 $722_MH, | T001_MH, : —
MH 1 S432 MH
MH; MH, 1 S432_MH; | T002_MH, > =5
MH 2 S176 MH
MH, MH, 2 S176 MH, | T001 MH, 5 - ¢
MH 2 S238 MH
MH, MH, 2 $238 MH, | T002_MH, ! — 7
MH 3 S176 MH
MH, MH, 3 S176_ MH, | T002 MH, s = 8
£% Y% 22 o + 59 m 5'7 = B4
$eLMHAR =% § 3715 chpsd £ o B-MFH4 L;MHlﬁf #> 1 MH j}'f
MH8 T ’ﬁ‘ ’Tﬂ:»lmi ﬁTIEé’_

7t
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DSDV 12 #_ e i

7}%0‘5‘%’@% 3"

’

id

\vﬂb 1@3\
'
=%
(‘H}

Initializaion:
forall adjacent nodes(column) v
D(*,v)

D(v,v)=c(X,v)

False

False

False

If(control msg received
from my neighbor W

D(Z,W)=c¢(X,W)+new
distance from W to Z

fcostof my least cos
path to Z has changed

[f(c(X,Y change by d))

Change all column-Y entries
in distance table by

l

If this changes cost o
east cost path to some_.

Send control message to neighbor

True

with my new minimum cost to Z
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E 'ﬁ? g o T T
B M L ELd 2 T (CGSR)

MDSDV L AT &8 5 8 d t&ﬁt 2@ Ao
2 ‘%‘-ﬁx’ffﬁf’éﬁ?‘\ﬂ%ﬂ};& R H RS N H - g, ¥
L (Clusterhead) ] o
BB g ARGNFEEE ( Distributed Algorithm ) -
SE LSBT B KB

HHUANFFIP 975 SBIDT 4o r b - LR oA 2 LK
Fodf -
A Y 29T BRIV NEEHE B REFELNA
- BEEP RV ALY
 #7 (Clusterhead) -

o Wi (Gateway) o
e — i &2 (Node)

F_& >—L F_& PUEN F_k
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W
o — A Edfze R (Complexity) i & Bejdxt T2 HIEH ) ok
- -E’L'ﬁ 2 %é/w\ S TR B BB ERE
o B M E B2 2 (Lowest-ID Clustering Algorithm ) o
o BB il ME Bx 52 (Highest-connectivity (Degree) Clustering
Algorithm )
¢ EMERY > ME- BPEEEALR BRI LB HEH A S FRH
R IR - ST
e FH Y - FFE 2  LCCE #7272 (Least Cluster Change Clustering
Algorithm ) -

o g2 ?ﬁ&ﬁﬁrRTigﬁﬁﬁﬁﬁ%iz
. FE - BEHENT - B pﬁ?ﬁ}\%%ﬁafﬁ°
C R F - BER RS KR SRR
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LCCix & 2

o gt i maiugg |, (Lowest-ID) &8 & 3 m:d |+ | (Highest-
connect1v1ty) BT EE o REE- BA g B oo

o F - .g@@,f«;gAm,,P H & gL B 5 %%Bﬂi‘ B FEATBY 2 ¥

F;T’]ém‘[% ;%67;\. g% %?>
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©OREBALHF ERARLRALE SIERBR M L0 LB A
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Bh 3 HJ ;%/:‘ﬁ-ﬁ = ( gv H i ﬁ'&‘ﬁ*mlﬁ»i i‘) 59 M &!} dr K4k %
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A R 10

%%%W@W$@%(Mm>

S BEEIES

SHT G B ¢ K B 5218 i 7

B e BE e F] G B
THEIEABRY AP RBAEE
e B

Links) » & °®

a‘ﬂ'—ﬁﬁi—gl‘h%%ﬂ m—q-—l]}l%\'ﬁxirr ‘L

B A LR S

56 RATUEE G R 0 R A

3 Bt p e g %?J@ 75 (Transmission Code) » » & -

m@ﬁgﬂl«/ﬁ%% e s mﬁ;‘%_‘f?} @ﬁ%]o
P24t G 4% (Pseudo
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A E R s g (2

A HEE o AEA AW S
v BEN A - dx &E))
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d
HH W B 2 (CGSR)

JE A

IR E R SV EIRY THEIEEE, (CDMA) 2
5V iiﬁ,g g3 2R m%é 7 UL A S % ( Parallel Transmlssmn)

C AEBRNESTBAE T - BT Y T R
(Token) | e M#xig+2 2, ( FrPolling) Ikutf AR AR LH PR
—%ﬁﬁﬁ%’Uﬁﬁéﬁﬁﬁﬂ@ﬁﬁiﬁéiﬁﬁﬁ%%°

oiﬁ%%%ﬁ@%%i% REFEF L FanBEBe o

e A - BFFEP F G FF LF RO EET U ﬁf,ﬁt/n\ﬁﬂéﬁ@ﬁf&%@;
(CDMA™ £ ° i ) R FBHEE o

-ﬁﬁ%iﬁéﬁﬁmﬂ?%giﬁ > Ja 7]
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CDMA

= In Code Division Multiple Access (CDMA), every

communicator will be allocated the entire spectrum all of the
time. CDMA uses codes to identify connections.

frequency frequency frequency

; : time
FDMA time TDMA s CDMA
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CDMA (Cont.)

FREQUENCY

POWER

FREQUENCY
TIME
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VB
%&%E’T (CGSR)

—bﬁ*&m#%fc%frféa‘al

ﬁ%ﬁﬂ*%mgl
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Z:t\’ ﬁ’ogﬁzé"' d T""’ .
HH i wﬁ:m t4 % (CGSR)
= CGSRE&EEH
o HEPBERETD HF SRAPEEBUFEE S
 C1,G1,C2,G2,...,Cn
* B iJ«iBm%%%miiﬁaiﬂé PP HE SR EELD D
g BL o
c HRBLANEF SBET RS PBEWE o a WF R - T ALK
B2 W g
o & & 8hy A Ay ﬁ_
CEBAR A
— R B RS ERT AR R R o
— A B@E € @ * DSDVE: T P e AR & B 3 F & & | £ 4
(ATRIAPF TR BFEFAERELEFRAT DB -
o Fd %
— e BN AP P FER RS AT - B ek (g ﬁﬁi‘ﬁ%
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DSDV & CGSR et #1 :
Bl & 07 o2 ke P CGSRW U W GE SR 3 e B iE o BRI AT R R

c AR AT FRESR G ZHEELCGSRE 2 b # 5 ADSDV™ 2

« H452.5 % CGSR+ DSDV #i > e doz & i 7 48
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o HAERLIAHF A E T O PLFEEDT URR Y o
G R EAREIR N R R F e K RN EE AT
o

A5
LMR 7% frJf | * - F:8F 2wk (Qu ryreplyProcess) IR S )
B frmoipdldte ke nud 2 B8 g <m;%%o

’a? FEATH R CRCES Vit %E’wfr&mtﬁlg ife
[5 PR L X it W E AT B £ o

LMRmv‘f - BRTEIFE ft%’—\ﬁii/%tﬁf% TR e 1L (Source-initiated)

i;yl)%z e e 1Y E g BT perge iz (DEST) » @ i@ 82 7 €
LEPTRME B R mi/})%t:n%’, (Source) (T RS D ﬁg;w £ ¥ %

gkﬁﬁf%%%%@$@?ﬁ£°
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ZRP
(Zone Routing Protocol)

The Zone Routing Protocol (ZRP) for Ad Hoc Networks
Cornell University

Z.J. Haas and M.R. Pearlman
draft-ietf-manet-zone-zrp-01.txt, 1998

101



ZRP Outline

= Hybrid of table-driven and on-demand!!

* From each node, there 1s a concept of “zone”.

* Within each zone, the routing is performed in a table-driven
manner (proactive).

* However, a node does not try to keep global routing
information.

* For inter-zone routing, on-demand routing 1s used.

e This 1s similar to DSR.
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ZRP Example

Figure 3: An example of the ZRP protocol
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Route Discovery

= By an operation called “boardercast™:

* sending the route-request to boarder nodes
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