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ABSTRACT

Computers and other electronic equipments are already
widely used in our daily life. Recently, there is a trend to provide
users to access networks_ dn an _any-time any-where manner. Wireless
network technologies have progressed rapidly. Using wireless local
networks to access the dAnternet has become popular in the last few
years. On the other hands’; an-ad hoc network is an infrastructureless
network which does not need any base station. To support IP mobility
in an ad hoc Internet integrated environment, we consider IPv6. IPv6
supports security, auto configuration, enhanced routing, and host
mobility. It will be the best choice for an ad hoc Internet integrated
environment. In this thesis, we modify Mobile IPv6 to facilitate
network discovery. The related protocols are investigated and

feasibility study is reported.



HSCC




w

N DN N DN DN N DD DN N DNMDN

=

W W W W W W NN NN N DN -

N N R R R

1 AODYV
AODYV

| ETF
| Pv

| Pv

1 Mobil e

l nt er net

f or
Mo b i

4

6

( AODV)

| Pv 6
| e | P

( Mobil e

( Mobil e
Mo bi |

Pv 6

Gat eway

Vil

0 N O W w N N PP

[EEY
w

15

| Pv 416
17

18

| Pv &)
e 22
27
25
and ARPRout e

Pv 4



w W W w w

A A b b Db

A A~ M b W

N DN NN PP

Mo b i |

t

|l nt r a

|l nt er

|l nt er

| Pv 6)

I nt e
| Pv 6)

I nt e
MANETSs

AODV
Mo b i

A O D'V
Mo b i

r

r
(di
|l nt er
MANETs (with mobile | Pv63°
41

f

e

f

e

y Management 30
32
MANET communi c@2t i on
MANET communi c33t i1 on(
MANET communi3d ati ol
3 MANET commuiBb cat i
MANET communicati on
rect) 38
MANET communicati on

o

0]

r
I

-
I

| Pv 6
Pv 6

| Pv 6
Pv 6

41
43
44
45
45
47
52
53
54



Mobil e | Pv 4 Mobil e | v 6

\Y



W W W W N N DN DN N D DN N DNDDNMN DN DN DNMNDN

A WO NN P P P PP PO 0O NOO O P&~ W NP

A W N O

3
Ad Hoc routing protocod
Propagation of the RREQ
Path of the RREP to th® sou

RREQ 10
RREP 11
Propagation of RERR 12
RERR 12

AODV RREQ message forldl Pv 6

AODV RREP message forldl Pv &6
Mo bi.d e [P 16
19
Tunnelding-operation 2h Mob
21
28
l ntra manet communi cald2i on
Il nt er manet communi cad3i on(d
|l nt er mane-t communi cat i on
| Pv 6)
|l nt er 3 mane-t communi3ati ol
| Pv 6)
|l nt er mane-t communi ca88t i on
manet s)
l nter manet communi cat3d9 on i |
mobile | Pve6)
41
Ho me net wor k 42

Foreign network 43

Vii



A D MDD D D D D D

o N o o b

11
12
13

AODV- UU

MI PL
| Pv 6
AODYV

Router Advert.

Router Advert.

Rout
Rout
Rout
Rout

e

e

e

e

Header

f or |

r

r

r

r

viii

Pv 6

_Advert
_Sol i ci
_Sol i ci
_Sol i ci

s e me fiN’
sement

sement

For mat

RREP

at i““Md’n
ati on
ati on

44
45
46

46e ss ad
48wi t h

48 Ho p
49N
Vb0 t h
S0Ho p
51N

n

C

C



( Mobil e A
Hoc Net wor k) MANET [ 12]

( Per sonal D
Assi stant PDA ) phone X ¢ e&lelr sonal Ar e

Net wor k



Mo b i

| Pve [ 4]

| Pv 4

| Pv 4

| Pv 6

| Pv 6

based Radi o Access Net work I PI P-

« ( Mobty )~

| P
e I P [ 4, 10]
Il Pve [ 3, 17]
Mobil e | Pv 6
1975 | Pv 4
3G
2006 | Pv 6
| Pv 6
Mobil e
| Pv 6 | Pv 6
Mobi ll e | Pv 6
Mobi l e | Pv 6 | Pv 6
( routing protocol )
broadcast on demand Ad- H

( AODV) routing protocwANHT7, 9]



( Mobile Ad Hoc Network )

( I'Mu - hop )

(optol ogy )

routing prot

2-1



( kil l er applicati ol

( The U.S. obDepafemenrts DefensejmARdtvanced
Agency of the U. S DARPA ) [ 1 4] 197

1. ( Doypnoal noi gcy t)
opokogy

2 . ( Bandwi dth )



tohurg hput

3. (i ICiatpy b)
( cpu )
4 . ( Physical security )
( security
2 . 2

[ 11, 12]

l1.Tabl e-Driven routing protocol
( Table-Driven routing prot

Proactive routing protocol



Destination- Sequenced DistanceeWagt or (

Switch ( CGSR )

2.Source-Initiated On-Demand routing pro
( Soutcatlend On-Demand r

protocol eactiveR routing protocol React

Dynamic sSource, Routing ( DSR)) Zo
Ad hoc On- Demand Ditst ance VectorerRlout i n

Routing Al gori tihhm (" TORA )



i
f

. S .
__l__
( " Table Driven \ i,- On Demand '“_:
-\._\.E-{Pmlnlm} ----._.-'.I \H._\__\_EEE.EINEE_F___.-"
SOV, COSR D8R, ACDV
TORA | IRF
2 - 2 Ad Hoc Routing Protocol
2 . 2 . 1 = SEI N ( AODV)

“(““Ad hoc On-Demand Di st

AODV ) e AODYV
DSDV AODYV AODV
AODYV
AODYV on-demand
AODYV
( active communication ) AODYV
AODYV
AODYV AODV
1 . Route Request node( )source



( destination nBdet ¢ Request ( RREQ

.Route Reply RREQ
Route Reply ( RREP ) RRE

.Rout e Error
Route Error ( RERR )

Hel |l o Message AODYV DSDV
rout e
active Hel l o messageonnecti vi tlyoc
2 . 1 . 1 AODYV
AODYV AODYV

|l P header

(“"path discovery )
route reqguest ( RREQ )

RREQ RREQ
RREQ
route reply ( RREP )
RREQ RREQ
RREQ ( address seque
RREQ
( cache ) RRERQ
( uni cast ) Route Repl y(

RREP addr es s



AODYV
(symmetric) 2 -3 RREQ
RREP

Destination

o f t he RREC

Destination

Source . .

2 -4 Pat h of t he RREP to the



0

l 2

3

012345678%012345678%012345678%01
e et L et s S S S

Type
et S S S

s ot LR

Ak e b =

+
I
+
I
+
I
ottt -
I
+
I
S e n ek T TR
I
+

s ot LR

RREQ

( Or i
Or i

destinat

sequence

(broad

[TIR1GIDIUL Reserved
T s s s B B Il s i
RREQ ID
e e S s st s SRR SRR o
Destination [P Address
e s st s S
Destination Seguence Numbsr
T s s s B B Il s i
Jriginator IP Address
T s s s B B Il s i
Jriginator Sequence Mumber

I
+

+

Hop Count
T ko R
I
oo+
I
kB o ST
I
T ko R
I
T ko R
I

e S e S e A sale o S
2-5 RREQ
2 -5 Originator |l P add
RREQ
( counter ) node sequence RRHE®er RREC
RREQ
) oHionpt C
RREQ (
gi natsgr RIREQad Dr ¢ )
ginator Sequence Number
i on seguence number RREQ
RREQ
RREP RREQ destir
number destinat.i
RREQ
cast) des
number RREP

sequence

( uni c

ast )

10



] 1 A 3
012345678901 234567T89012345386878%01
e e e S S e e R e
I Type [RI1Al Reserved [Prefix Szl Hop Count I
s e s Eat S L e e S s S e SR R S

I De=tination IP address

I T s ma s S e O s Sl S s e S e
I Destination Segquence Number

I T s ma s S e O s Sl S s e S e
I Originator [P address

e e e S S e e R e
I Lifetime I
e e e S S e e R e

2-6 RREP
RREP 2.-.6 RREP
( 2-4 ) ( f c
point ) RREWP

orid ginator address

Destination Sequence Number

Hop Count RREP
RREP
RERR
1. routing table
rout e active hopte Il i nk
br eak
2 . data packet packet
active route packe

11



rout e

2-7

rout e err or

rout e

rout e error

route discovery

2 -8
Destination
2-7 Propagation of
0 1 2 3

012345678201 234567TR80012345678%01
s S S s s S s St S e e L el ot Sl RN
| Type [ Reserved I DestCount |
s e S e e o ah i e e S S e e B s sl s ST TR S S S
| Unreachable Destination IP Address (1)

e S T e S s ATl s mas sl S S e
| Unreachable Destination Sequence Humber (1) |
I e S s e e s et S e e B B s ol s sl O S SR S
| Additional Unreachable Destination IP Addresses {if needed) |
e S s et aats et e S s e sut SeCTEE SRR R

[fdditional Unreachable Destination Sequence Mumbers (1f neededd !

s S S s s S s St S e e L el ot Sl RN

2 -8 RERR

12

t

di s c «

err or

RERR

h e

RERTF



AODYV DSDV tabl e-driven

Hell o Message Hell o Message
( | ocal connectivity )
Hel |l o Message hop nex-t
Hel |l o Message Hel |l o Mess a

nex-t hop

Hel |l o Message

AODYV AODYV
route request
( entry ) AODYV

2 . 2 . 2 AODV for | Pv 6
AODV for | PAG®DYV | Pv 6
AODYV | P4 | Pv 6
| Pv 4
1. | Pv 4 RREQ D ( Destination enly

number ) 2-9

13



+

+

I
I
+
I
I
+

+

+
I
+
I
+
I
+
I
+
I
I
+
I
I
+

1

2

3

812345 6789812345678090801234567 8981

— ==t

— ==t

— ==t

— ==t

— ==t

Type

[JIR|G]

32-bit Flooded Packet ID

—+—+—+—+—F+—F+—F—F+—F+—F+—F+—F+—F—F—F+—F+—F—F+—F—F+—+—
32-bit Destination Sequence Humber

—+—+—+—+—F+—F+—F—F+—F+—F+—F+—F+—F—F—F+—F+—F—F+—F—F+—+—

32-bit Source Sequence Humber
—+=—t—+—F+—F—F+—F—F—F+—F—F—F—F—F—F—F—F—F—F—+—+-

128-bit Destination IP Address

—t—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—

128-bit Source IP Address

—t—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—

Pv 6

2 -

1

9 AODYV

128-Dbit

2

Hop

+—+
+—+
+—+

+—+

+—+

+—+

RREQ me

Count
— ==t

— ==t

— ==t

— ==t

— ==t

— ==t

(7
(7

3

-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+—-+—-+-+—-+—-+—-+

Reserved
—+—+—+—+—F+—+—F+—F—+—F+—F—+—F+—F—F+—F—F—F+—F—F—F—F—F—F—4-

+—+

+—+

+—+

+—+
I
I
+—+
I
I
+—+

age

add3 2si ff

8123456789280 12345678%20812348567 8981

+-+—-+-+-+-+-+-+--+--+-+--+-+--+--+--+-+-+--+--+-+--+—-+-+-+—-+-+-+—-+—-+—-+—+—+

Type

3.

4

IRIA]

Reserved

| Prefixz Size |
—+—t+—+—F+—F+—F+—F+—F+—F+—F+—F+—F+—F—F+—F+—F—F+—F+—F—F+—F+—F—F+—F—F—F+—F—F—F+—+—

32-bit Destination Sequence Humber

Hop

Count

+—+

sage

r

i ®&d drse

f

o

r

C MF

hop-by-hopt epdi 00V el

bbb bbb — = b —h— b=k —F—F— b~k —F— b — b~ —F— b~~~ —F
128-bit Destination IP Address I
128-bit Source IP Address I
Lifetime |
bbb b= — b —h— b=k —F—F— b~k —F— b~~~ — b~~~ —F
2-10 AODV RREP mes
| Pv 6 | CMPvVv 6 [ 1]
fl ooding dat a
RREQ / RREP
fl ooding date sour ce

14



RREQ

RREQ
3 | ETF Mobil e | P
Mobil e I P
( l nt ernet Protocol ,
( l nt ernet Engineering Task Force

( Addressing )
( Routing )
| Pv 4 | P

- ( router ) "
(U'bsn et )

( roaming )

( ub,n est )

( Hop-by-Hop Routing )

I P DHCP
DHCP I P

15



| ETF
( Mobil e loPupNo)r ki ng Gr
( Mobility ) I P ( M
RFC3220 [10]

3 .1 | P4 ( Mobile | Pv4)

Mobile | Pvi4
HA F A
Mobile 1P ‘ — ( Mobi |l e H«
( Ho me Ageht ) £, ( Foreign Age

16



( Mobil e Node )
| P Addr ess Ho me Net wor |

Addr ess Foreign Networ Kk care of

( Home Net wor k )

( Home Address )
| P Addr ess
Addr ess
|l P Addr esss

( Home" Agent )

( Foreign Networ k )

( Care-of Addr ess )
Il P
Foreign Agent care-of addr ess
F A DHCP

17



(

( For ei

decapsul at |

( Registrat

Binding
home

( |

gn Agent

)

HA

on )

ion )

)

addr es s

i feti me

( Cmpomeéesnt Node

( stationary

addr es s

Co - |

care-of

ocated

( Regi strat.
DHCP

(

Home Agent

( sol i ci

care-of

on )

care-of

18

car

)

)

)

e-of

addr es s

( mobil e )

( advert.i

tati on

addr es s

)

FA

addr ess”

addr es s

)

sement )

home | P

care-of



N

MN FA
FA M N MN HA
care-of addr ess
HA FA MN
FA
.F A HA M N
2-12
Home Agent Foreign Agent
h w1
Feply request
@elayreq
Accept ar|deny
n‘)éve
2-12
1. 2.
3. ( Registration Lifetime )
registration Bi nding
Binding Bi
Updat e

( Aut hentication )

19



Home Agent

2 . Home Agent care-of
Encapsul at e dnnel
3. FA Decapsul ati on HA M N
2-13
S Dest Proto o
[x |29 I?Ipa}'had/
/ Excaponlaed Foreign Agent
Fre Dest Froto Sre Dest  Proto LA
= |HA [COA [40r55(X [MN [7 [Payload
= >
= Tunneling
Home Agent
S Dest Proto
tX ]M}I ]?]pa]ri-:rad
MN(Roaming)
2-13 Tunneling Operations 1in
(Packetrfng ) Foreign network
unnel i ng Hom
Agent 2-14

20



CMN =2 MN
IF packets

MN(roaming)
Home Agent Foreign Agent
2-.14
M N ‘
MN home networ k
2 . 3 . 2 |l P6 ( Mobile | Pve6)
6 ( |l Pve6 ) Il Pv
Mol ity
| Pv 6 St ateless Address A

Nei ghbor Discovery [6]Pv©6
| Pv 6

statel ess | Pv 6
| Pv 6

| Pv 6
| Pv 6

| Pv 6 statioc home addr ess

21



(

(

Mobil e |

n k
uhbonneet
ad

Ho me [

home

( halhaets

hom

foreign |

home [ i

( foulkng

Mobil e |

)

sprefi N ink

dr es s

prefi X )

e addmedss pr efliPx s

ink )
n k ||

n prefix )

uhbonmeet sp_r e f i X for ei
( Mo v e me nit )
[ Nk
I i nk home | i nk
away from home”
3 2 1 Mobile | Pve6
| Pv 6 I P
Mobil e Mo b i |
Mobil e | Pv4
Mobil e | Pve6 | Pv 6
| Pv 6 ( End
Foreign Agent

22

Pv 6

| Pv 6

home

forei ¢

gn sul
Mo b i
e | Pv 6
t o End
F



Mobil e | Pvi4
Foreign Agent Care-of Addr es s

2 . Mobile 1P
Mobile | Pveo Foreign Agent
| Pvéécapsul ati on addr ess

autoconfi gur adii somno vneeriyg htbhbaoak et s del i very

Mobile | Pve6 care-c

i ngrkeserfng
| Pv 6 routing header
over head ( route opt.
3. | Pv 6 ( Destination Option )
Mobile | P
Mobil e | Pwv©o6 :

bi nding ( destination opt
| Pve header
Mobile 1P
° ( Biwmpldatge destination optior

Bi nddaaghe

° ( Bi nging Acknowl edgement de

° ( Binding request destinati ol
Bi n@Gaobe entry
over head | at ency

° ( Home address option )

23



4 . ( Route Optimizationddver)

( Route Optimization )

( Triangular route )

( cache )

( Smormod cdhv eHra ) Mobile | Pve6

access point

1. smooth handover with overl apping Cel

2 . router-assist.ed smoot h handover

( “temporary home agent )

forwardi ng.-packet s

Mobil e | Pv 4 Mobil e | Pv 6

24



Compared Items
Foreign agent
Care-of address

Obtaining care-of

address

Route
optimization

Packet tunnel

Packet EE % MN H
CN Z B tunneling

during route
optimization

MIP messages

format

MIP messages

Smooth

hand-over

Reverse

tunneling

| Pv 6

Pl ug and

For ei

bil evMobi

Mobile IPv4

FA CCoA

FA DHCPv4

EEMEDN

ICMPrand. UDP

packets

Reg. Req, Bing
Update, ...

EEMEN

Solve ingress

filtering

Mo b i

auto-conf.i

pl ay
P
gn Agent

25

e

|l Pv 6

Mobile IPv6

CCoA

IPv6 stateless

stateful

forward
packets

tunneling

IP headers and

ICMP6 packets

Reduced and allow

piggybacked in

header

No ingress filtering

problem

| Pv 6

gur at.i

on



| Pv 4 Mobil e

26



attachment point k bone
i nternet )
( l nt ernet Gateway ) ( Gat e
( Net warcke ICnatredr f)
Ad Hoc
Mobil e 1:PvE®6 Home Agent
( mul ti¢cast ) Router Adverti seme
( message f or mart ) ( H )
Home Agent
(1)
(2) (3)
hop N Gat ewa
wireless hop
Gateway N hap rel ess Gateway
3-1 MN( A) MANET?2
Gateway?2 MANET 2 Gat eway
3, MN( A) hop count 3

27



MAMETL
=

b
P 2

Gatewayl

3-1

bop count )
C 3
C 2 4
3 C 3
C 3
4
Gateway 3 -
3 D

def aul t

def aul t Gat eway

mul ti cast

Router Sol i

28

def aul t
N

C

def aul t

E
Gat eway
Router Advert:.
tatii

C i on

Gat eway

3

Gat eway

def aul t

sement

mesSs S age



hop N’ N’ broadcast S

probl em [ 5] N’ >N Router Solici
Router Solicitation
hop N whaoppl es
Router Solicitation
3-1 D Router Solicitatio
N' =4 4 D 4 hop
N=4 Router Advertisement D
C 4
3 . 2 l nternet Gateway and Rout e
Router Adverti sement Rout
mul ti cast Gat eway

pv6 ‘st atel ess
gl obal addr ess Gateway def aul t

Gat eway

Gat eway ( advertise ) me s s ag
1 . gateway gl olmhaoldeaddr asemaynet +t g6 gl
def aul t rout e
2 . net work prefix address Gateway
pref i x configure gl obal a
3 . network prefix |l ength gateway
4 |l i feti me Gateway
Gat eway | Pv 6 &
rout e

29



di scovery ( multicast )

def aul t rout

AODYV M rout e
di scovery |l t i c anwut M wireless hop
hop
routummeli ng over head
M N
Gat eway i nterface
AODYV Gat eway route reques
Gat eway i nter medi a ro
route reply message forward
Gat eway rrout e request
reply route reply
3 . 3 Mobility Management
MN
1. Gat eway nmdlet i caRBautadrl _ Advertis
MANET
2 . MANET | nntoedreme di aRoeut er Advertise,]
hop | i mit messagédti canut
node node messageédticanut node
3. M N hop IMNmMi t Foreign NetworKk
Router Adveaasgement m
4 . M N | Pv 6 Router Advertisement
stateless auto-configuration router ca

30



addr es s

5. M N

mes s age
6 . MN

auto-conf i

prefi x

updat e

tunnel

(

ng

t router

r egi s tHoanmei 0Ang e)n t

gat eway i

def aul
bui pndgai tneg (
def ault
hop | i mit

i feti me
demegs &d
home

packet

gur ati on

a

home

0

at

Gat eway

31

f or Ad Hoc

MN

net wor k
care-of

dHro me A g ethatme

net wor k

Rout er

n

addr es s

tern
I

Net wor ks

7. M N Router Solicitation message
Router Advertisement message Gat ewa)
8 . 1 5 Ho me Augpednatt eb i n
9 . M N Home Agent unnel Rout er
Router M N
10. M N i nternet C M\ ONDN
CN rout e I P Gat ewa
destinatiji.on option | Pve heade
bi nging cach.e (V] M N Home Agen
M N Home NetworKk
1. home ‘'net wor k Rout
message prefi x UPnet

addr ess

Agen

nt e



i nternet gat eway
|l Pve MANET AODYV
AODYV

3.4.1 IntraMANET communication

Gat eway [

C Internet

3-2 intra manet communication

Ad- Hoc AODV®6 rout e

3-2 MANET1 MN( A)
route discovery
rout e MN ( B)

32

di scovery

MN ( B)
MN( 2)
Gatewayl

(



3.4.2 Inter MANET communication (directly)

MAHET4

( Internet )

3-3 intersmanet communication (directly)

Gateway Gateway
I nternet | Pv 6 [72]]

Gat eway

3-3 MN(C) MN( D) MN(C) rou
host rout e M
def aul t Gateways3 Gateways3

routing tabl e
Gat eway3
Gat eway4 Gat eway4 route examinat.i
MANET4 MN( D)

33



3.4.3 Inter MANET communication(with mobile ipv6)

MAHETS

" a

=

Intermet >

3-4 inter manet communication( with mobile ipv6)

unntwel
3-4 MN ( E) MANETS MANETE
MN( E) CN c acbhiendi ngbi nd
cache MN ( E) entry CN M N
home address
MN ( E) uhbonneet s MN ( E) home age
MN ( E) Home Agent | Pve en
MN ( E) care-of -adduprssl MAWNET 6
Gat ewayé®6 MN( E) MANET®6
MN ( E) entry Gateway®b
MN( E)
MN ( E) CN CN



MN( E)

( Route Optimization ) | Pv 6 destin
bi nding cac@GH becadhneg MN( E)

care-of -addr ess CN MN( E)

MN( E) MN ( E) Home Agent( Gat ew

MN ( E)

35



3.4.4 Inter 3 MANET communication ( with mobile ipv6 )

MAHETT

3-5 inter 3 manet communication with mobile ipv6

car e-‘ogf---addr ess car

Mobil e | Pvé6 ndewemont h ha previ ous
gat eway Ho me Agemnel t

care-of addres:ss

previous gateway updahent o a:
mobil e node previous gateway

packet care-of addr ess t he MN(|

previous gateway Home Agerawl edge (A)

previous gatewaknowl|lkedgeimeagtac previ

temporary home agent

3-5 MN( F) MANET?7 MANETS8
MANETO MANET(9) MN( F)
care-of -addr ess CN MN ( F
addr ess MN( F) updat &i ndpmegvi ous
care-of -addr ess Gateway38 Gat eway
care-of addr es s CN MN ( F

36



addr ess Gat ewwmrymBe | n etw

care-of addr ess \
destination option CN CNDbbindimgia
cache MN( F) car e- o fp aacdkderte s s ,

new carescscf aaddrss
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3.4.5 Inter MANET communication in overlaid MANETSs
( direct)

MANET10 IANETIL

< Internet >

3-6 inter manet communication.in overlaid manets (direct)

AODV®6 route requ
mul ti cast me s s ages SuUMANET br i dge
hop count hop count M

route reply sour ce host rout e

3-6 MN(G) MN( H) MN( G) r
MN( G) route requestoumets sage
M=5 route reply
MANET host rout e MN( G)
MN( H) Gateway1l0
MN( G) MN ( H)
Gateway1l0 M= 3 MN( G)
host route route discover

Gat eway1l0 Gat ewayInG ernet MN( H)

38



3.4.6 Inter MANET communication in overlaid MANETs( with
mobile ipv6 )

Intermet

3-7 inter manet communication in overlaid manets (with mobile ipv6)

Hop

Count route requesmnt HomM C
host rout enodssour ce
def aul t gat eway def aul t gat eway

net wor k

3-7 M=BODYV AODYV
host rout e (1) MMN(J) MN((I)
di scovery MN (1) MN(J) M hovpN lcpount
route request MN( J) host rout e
MN (1) route examinati on yl4
Gatewayli4 MN( J) h o me
( Gatewayl2 ) Home Agent encapsul ate pa
subnet Gatewayl3 Gatewayl3 care-of
addr ess MANET MN( J)
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MN( J) destinationpdapt e onmedsad

MN( 1) MN (1) bi nding cache MN( J)
MN( J) care-of —addr ess
MN( J) Home Agent
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Linux Home Agent

PCMCI A PCMCI A
USB
PCMCI A PCMCI A
PCI

Router ( Home Agent )

4 -1 ORi NOCO PC C

Li nux Ker nel 2. 2. X

Li nux
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Ho me Net wor k

Home Net wor k 4 - 2 i nt er |
| Pve router MI P6 home Agent
MI P 6
( gat ewayAQDV f or | Pv 6

Gateway
(router & HA)

4 - 2 home net wor k

Foreign Network

Foreign Network 4 - 3 Mo b
Agent i nternet gat eway
Ml P 6
( gat ewayAQDV

f or | Pv 6
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Gateway
(router)

}
&
R
& g

4-3 foreign network

4.1.1 AODV for IPv6
Kérneﬂ
On Demand®

On De mand

Queue
AODYV | Pv 6
Linux Uppsala Uni ver si
AODU- UU f or Il Pve [ 15] Li nux
AODV dr af't 10 AODV | Pv &6 | ETF Dr aft
AODV-UU kernel -relatedn-kernel -r1el
us erc-es pdaemon kernel

Neit fter us earc-es p

Ker nel i |t eNret f
Li nux kernel net fter 2.4.18-3
Red Hat 7. 3 netfilt
AODV- UU Aodyv contr ol UmePs ssaogrek et
aodv_socket AODV type AODYV
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Pv o6 dr a

4 .

aods_rrer
Mise. modules aody_nep
ancv_tred
packet gueue packet inpnd aody_zocket
¥
libipag
Tser-space u
T A rrirm e (e
v
kemmnel ¥
Hetfilter
TDF
kandy  |a—D20KE ol Wetfilter socket
k 654
L
Frotocol =
Metwork e
stk Stark LODV control message
4-4 AODV-UU
4. 1M@bi |l e |l Pv 6
Mobil e | Pve Li nuxX
Lancaster University in UK
| Pve dr aft 5 |l ETF Mobil e I
1998 Li nuxX
2. 1. 90
Hel si nki Unhivelresg y vy
MI PL [ 18] 4 - 5 2 .
MI PL nmoodbei |

e

of Tec
20

home



agent

Application layer applications
Transpot layer TCPUDP
MIPL Mobile | FreeS/WAN
Sk layur IPv6 Module [PRec
Linux 1Pvi Stack
WaveLAN [EEE $02.11b
4-5 MIPL
Li nux RedHat 9.0 | Pv 6 odulme
| Pv 6 |l P H1 e m
RedHat 9. 0 Mobil e | Pveo
Mobile | Pve6 Home Agent Ro
Mobil e | Pve n"‘et.w‘working Ho me

Rout er._‘lAdvlenr“t'n‘n.i sement

Rout er - d e‘l‘M‘a_]h‘ d - Router Ad:
demand RADVD [16]
4 2
AODV®6 Mo b i |
| Pv 6
4 . 2 . 1 AODV for | Pv 6
1. AODV for | Pv 6 ADYV
AODV®6 | Pve header 4
Hop Li mit M f
| Pve header Hop Li mit 1
forward AODVE®6 route req.
4 - 7) route reploaynt Hop C
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Hops

+-+—-+-+-+--+-+-+--+-+-+--+--+-+-+--+-+-+--+-+-+-—-+—-+-+—-+—-+—-+—-+—-+—-+—-+—+—-

AODV6
RREP

|Version| Traffic Class |

+-+—-+-+-+--+-+-+--+-+-+--+--+-+-+--+-+-+--+-+-+-—-+—-+-+—-+—-+—-+—-+—-+—-+—-+—+—-

Hext Header |

+-+—-+-+-+--+-+-+--+-+-+--+--+-+-+--+-+-+--+-+-+-—-+—-+-+—-+—-+—-+—-+—-+—-+—-+—+—-

o— k= — o —

+
+
+

+-+—-+-+-+--+-+-+--+-+-+--+--+-+-+--+-+-+--+-+-+-—-+—-+-+—-+—-+—-+—-+—-+—-+—-+—+—-

Payload Length |

multicast

RREQ

Flow Label

Source Address

—+—+—F—t+—F+—F—F—F—t+—F—F—F—F—F+—F—F—F—F+—F—F—F—F+—+—

Destination Address

4-6 | IPv6 Header Format

1

2

Hop Limit

+—+—+—-+—-+—+—+—+-

o b o o o o = — o —

8123456789280 12345678%20812348567 8981

+-+—-+-+-+-+-+-+--+--+-+--+-+--+--+--+-+-+--+--+-+--+—-+-+-+—-+-+-+—-+—-+—-+—+—+

| Prefixz Size | Hop

+—+

’o—r i —

—+
I
I
+—+

+—+

time

Type

—+—+—+—+—

—+—+

—+—+

—+—+

—+—+

out...

+—

+—

+—

+—

+

|R|A] Reserved

—+—+—F+—t+—F+—F—F—F—F+—F—F—F—F+—F—F—F—F—F—F—F—F—F—F+—+—

32-bit Destination Sequence Humber
-+-+-+r-+-+r-+r+--+r+r+--+r++-+r++-+r—+—-+—-+—+—-+—-+—+—-+—-+

128-bit Destination IP Address

—-+—+—+—+—+—+—+—+—+—+—+—+—+—F+—F+—F+—F+—F+—+—F+—F+—F+—F+—F+—+—

128-bit Source IP Address

Count

+—+

I
I
+

-+r-+--+-+r+r-+r-+--+r-+r-+r-+r+--+r-+--+r-+-+-+—+--+—+—-+—-+—-+—-+—+
Lifetime
-+r-+--+-+r+r-+r-+--+r-+r-+r-+r+--+r-+--+r-+-+-+—+--+—+—-+—-+—-+—-+—+

4-7 AODV for IPv6

AODV6
( drop)

RREP message format

route discovery
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Gateway Gateway

3. AODV6 default Gateway
routing table hello message neighbor nodes route
discovery destination Gateway
Gateway IPv6 address Hop Count
Router_Advertisement sequence
number Router _Advertisement
routing table Gateway
4. AODV6 Hop Limit ( M)
Router_Advertisement “Cur Hop Limit +Hop Count” (
N) Router_Advertisement M N
M N N 1 M
Ad-Hoc

4 . 2 . 2 Mobile | Pveo
Mobil e | Pv®6
1. Router Advertisement N (

i ntermedi ate MANET f or we
Router Advertisement N
Advertisement advert.i

N |l Pv 6
forward forward

f orward
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8 1 2 3
812345678901 23456789812345067 8981
+-+-+r-+-+-+r++--+r+r+--+r++-+r++-+r+++r+-+-+-+-+-+—-+-+—-+—-+-+—-+
| Type | Code | Checksum |
+-+-+r-+-+-+r++--+r+r+--+r++-+r++-+r+++r+-+-+-+-+-+—-+-+—-+—-+-+—-+
| Cur Hop Limit |M|O|H|H|Reservel| Router Lifetime |
+-+-+r-+-+-+r++--+r+r+--+r++-+r++-+r+++r+-+-+-+-+-+—-+-+—-+—-+-+—-+
| Reachable Time |
+-+-+r-+-+-+r++--+r+r+--+r++-+r++-+r+++r+-+-+-+-+-+—-+-+—-+—-+-+—-+
| Retrans Timer |
+-+-+r-+-+-+r++--+r+r+--+r++-+r++-+r+++r+-+-+-+-+-+—-+-+—-+—-+-+—-+
+

Options ...
——t—F—t—F—F—F—F—t—F—F—

4-8 Router_Advertisement with new field “N”

2. Gateway Router _Advertisement forward
IPv6 Header Hop Limit
N forward Hop Limit
1 Gateway

3. Router_Advertisement Cur Hop Limit
Hop Count 4-9
Gateway Hops AODV6 routing table

default Gateway

Hop Connt

Type | Code | Checksumn

ot — Lt ot et ol St it St St S B R Bk St e S e Stk St Sk Sk Eeh Sk ]

Cur Hop Limit ||H|O|H|H|Reserve|] Router Lifetime

Fer=re=tr=ter=f=r=t=f=t=t=fk=t=fr=teftotrt=trt=tt=trt=d=d=tri=titot

| Reachable Time

b e et el e el et el et S bt it L it bt o Dok Bl Beb Beb Bk DL Bb Bt bt Bb it BL Bt L BL B
Retrans Timer

e s o s el o o e e e o o e o e e o o o o oo o o o o o e e e o o o o o o o e e e o e o

Options ...

- o o m—— o m—

4-9 Router_Advertisement Hop Count

4 . Router Advertisement
Li mit I CMP Fi el ds Hop Count
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N 4-10 sequence number

Gateway N=

Eouter -* drettisetnent

Cur Hop Limit=2
+ Hop Count=1

M=5

Zur Hop Limit=1
+ Hop Count=2

=3
dvertizement

- Cur Hop Limit=0

+ Hop Count=3

=3

4-10 Router_Advertisement N

prefix Router_Advertisement
Router_Advertisement

default Gateway

Hop Count

6. Router_Advertisement

Router_Solicitation
N( Next Node) 4-11

forward

intermediate
Router_Solitication
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a 1 2 2
B1 2345678008123 45 6789012348567 809081
+-—-+-—-+—+—+--+--+--+-+-+-++—+++—++—+—+—+—+—+—+—+—+—+—4+—+—+*+—+—+—+—+
| Type | Code | Checksum |
+-—-+-—-+—+—+--+--+--+-+-+-++—+++—++—+—+—+—+—+—+—+—+—+—4+—+—+*+—+—+—+—+
Ll Reseruved |
+-—-+-—-+—+—+--+--+--+-+-+-++—+++—++—+—+—+—+—+—+—+—+—+—4+—+—+*+—+—+—+—+

| Options ...

+—-+—-+-+-+—-+-+—-+—-+—-+—-+—+—-

4-11 Router_Solicitation with new field “N”

7. Router_Solicitation forward IPv6
Hop Limit forward Hop Limit 1 Hop Limit
N’ 1
Gateway advertisement 1
Gateway advertisement
8. Router_Solicitation Router_Saolicitation Hop Count
Gateway Router _Solicitation
4-12
Hop Courd

1 2 3

L e et S el e e e e e e et ot el e e e T e T e T T e ke ey e
| Code | Checksum |
L it Sl Sl S el Sk ek it ol St Al Sk e el Sk ol e ek ek Sl Bk Kol Bk Rk
|| Cur Hop Limit [|H| Reserued |

L e e e ek S T e ey e et e S e P PR R PR LT P L R R B DR L R EE X o EE

| Options ...

== === =d=d ==

4-12 Router_Solicitation Hop Count

9. Gateway Router_Solicitation Hop Count
4-13 Hop Limit Advertisement
Hop Limit Router_Solicitation Hop
Count Hop Count Advertisement Cur Hop
Limit Gateway
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Cur Hop Lirnit
Gateway | + Hop Count
W=
Fouter Sofigitation
Cur Hop Lirnit
@ + Hop Count
' =4
Fouter Soligifation
Cur Hop Limut
@ + Hop Count
/ Mr=4
Fouter Solpitation
Cur Hop Limit=3
+  Hop Count=1
M=4
B =4

4-13 Router_Solicitation

10. Gateway
Router_Advertisement (
1 Router_Advertisement
Gateway
Router_Solicitation N

Router_Advertisement

Router_Advertisement 1000 )
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N,

Gateway
1000 )
N 1

( multicast

Gateway



ESSID ( Exte
Service Set I dentifier ) ( channel
802.11b
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gateway

home agent tunnel
IPv6
IPv6 MANET Mobile IP IPv6
Mobile |Pv6 MANET
(1) Mobile Pv6 Home Agen t
MANET
(2) MANET
MANET | Pv6 address Mobile IPv6
(3) MANET node packet Internet
route request path packet default Gateway

default Gateway manet node
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