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Abstract

This research proposes a communication model which ensures Internet connectivity and net-

work transparency to a group of nodes possed with several network interface devices. Moreover,

based on the suggested model, we have designed and implemented In-vehicle Router System for

Internet connected automobiles.

An automobile is a group of nodes, consists with senser nodes and devices which is held by

passengers. Likewise, passengers can also be considered as a group of nodes with PDA's and

cellular phones. These group of nodes are connected to the Internet using several communication

devices such as cellular phones and Wireless LANs.

The Internet architecture was originally designed on the assumption that node doesn't move

such as work stations and PCs. Thus, Mobility Support becomes an important issue. to support

the same connectivity to nodes with network transparency, Connectivity in this research means

reachability to a speci�c node with the unchanged IP address.

In automobiles, there are nodes with only limited communication interface or simple commu-

nication protocol stack due to hardware limitations. In the model proposed in this research,

nodes under the network routed by the representing node do not need to support any new

system. This is possible by concentrating all the features regarding Internet connectivity and

network transparency into the representing node. Moreover, because the representing node

support Internet connectivity feature, there are merits for other nodes in which they require

only connectivity to the representing node.

Based on the suggested model, we have designed and implemented in-vehicle router system.

In-vehicle router system is a communication system to embark a router in automobiles as the

representing node. This in-vehicle router posses both Network Mobility Support and Interface

Switching mechanism. The former is a feature which ensure network transparency to the net-

work inside the automobile, where other nodes are connected to. The latter is a feature to

support Wide range/area Internet connectivity to that network.

As an evaluation for this research, we have tested the system in InternetITS Project. More-

over, we have performed qualitative evaluation to prove e�ectiveness of each features, and

mensurative evaluation based on the actual communication. As a result, we were able to en-

sure network transparency to a group of nodes, and showed the Interface Switching feature to

function, and proved the e�ectiveness of the proposed communication model in this research.
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18 0LV'(+3

�Q�OQ!�E!¤j�&P on/o�!�¢&pPOY�VNMPÂ�f £?bD[O!Ô

�7P|¥v�&�5�d?b"|¥v�&�LQ!W3PÂ�f £?b;Lf«7Oä+<

cDv&�z|H"P�jq£�&�K/b"�jq£�&�Q!�¸Â�P`§ÑÿN=4\

DN0"<`cD API!^1<PÿhE9Põ±N0Æz~�q!W3P0Æj¥~&�l&z

KNØ<cb"BPD[!PC] PDAP_1Nsº�&�O�=J!õ�!ªÐ!µ"L01W

)f\H"

�£&�Â�xz�� [4][5]Q!;c`P|¥v�&�4`Â� £=!´ÁNÂ�O�ñ?

bh� s&x�¥K/b"Ò2R!�ÔP�Q�4`¤j�&P on/o�Â�f £?bL!�

cPS½Ã�5�4b"ABSQfÃ�PÂ�f £?bL!TÔ½Pú5N�j¥�5�4b"

�Ê]�§!�ENMPÂ�f £?bL!_aÝE5U0!·KP:�·�5K6b";c`

PÂ�Q!Â�5��PýÑO¤0Â�PÝE]�ª5ý=!_a´ÁNÂ�O�ñK6b"

AD<Z

F¾�K/bÐöQ!%
AÚ]�+HP�&�f%
?b"XD!0LôÂ]Â�5�PD

[P|¥v�&�f%
?b"Ü�+]�Q�Px&�4`!/§]ÇoÔL0GD0LÂ�5

�UK6b"j¥~&���fÁº=J!;c`PÂ�f £?b;LK!¾=�]R¾�P0

LÃ�]ÇÂÃ�5Çê!4`\i¦K6b_1ONb";c`PÂ�Q!�@�~]��P÷

þp4OÁºK6b"

$7 1&25.% '69

�z]A�HKQ!F¾�5������u¥��&~] PDAfÚ=Jj¥~&���fÁ

º?b"Ax�&¡Pü�Æ]World Wide Web (WWW)ÂÀOÉX`@!�¢�AÚÛ�]

zsy�&¡ôÂNMfQ1"j¥~&���fÁº?bD[!Û�]Ó4O/b+pÿLP0
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Æ\¸±K/b"Ò2R!�¢�AÚÛ�h� s&x�¥fÁº=J!~qx&]�zPäá

4`QØËÞ�n¥�j¥�&�i¥r5ÒhK/b"

;P_1O!�Q�Q|¥v�&�]F¾�P+pÿNMP�7P�&�KNØ<cb�&�

£V
K/b"XD!F¾�\Ü�+]PDA!%
AÚNMKNØ<cb�&�P£V
LP2

`cb";c`P�&�£V
Q!ÐöL
O³Q?bn�ylq��K/b"�Q�LF¾�

P_1O!�&�£V
PN4O�&�£V
5lÑ?bÀV\/b"

XD!�Q�Q�ÔP0Æ��ihfÁº?b;Lfô3=J0b"�Q�P_1N³Q?b

�&�5j¥~&���Oã�?bD[OÁºK6b0Æ��ih507H4�d?b"Ò2R!

%
AÚ!¦ì LAN!PHSNMK/b"%
AÚQ!K·KÁºÒhK/b5!U$Ä]1


·NMP­�5/b"¦ì LANQ!%
AÚO�=J1$Ä!U
·K/b5!0Æm h5<

`cJ0b"0Æ��ihP8Èv¯]W)fPË?bL!�Q�KQûQÃ�]ò�OÈ>J

0Æ��ihfâ�2JÁº?W6K/b"

Ñ 2.1Q! 3	Kô3=J0b�Q�0Æò�f�=J0b"Ñ&PuèQ�&�f!�ì

Q0Æ��ihf�=J0b"Ñ&PPDCQPersonal Digital CellularPÇK!%
AÚf�=

J0b"

PDC

PHS

Wireless LAN

sensor

sensor

sensor

PDA

PC

Ñ 2.1: �ÔP�&�L�ÔP0Æ��jzf\H�Q�0Æò�

 3	KQ!�Q�5�ÔP�&�fFb=!�ÔP0Æ��ihfÁº=N5`³Q?b;

Lfô3=J0b"

2.2 ob89;>/-{N\W

j¥~&����Q�P0Æxz��fä+?bD[OQ!0Æxz��VP¼��TfÚÂ

=J37}¼5/b"¼��Tf¨çO?b;LK!Ü-VP¹%Nh�£&�P&4`�Q�

ò�O_a8=Dh�£&�5í�K6b"
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0Æxz��VP¼��Tf¬ÌO
:b"

� ä�&�5¸°P IPh�¢zfº0JL�Òh

ý�Pj¥~&���h&p�q��KQ!���¤&qf³Q?b;LO�»=J!�&

�P��xK/b IPh�¢z5�Í?b";P IPh�¢zP�ÍO_a!�[�&�P

��xf�1;LONb"=D5GJ!�[�&�VL�K6N7Nb"�Q�ºP�¢�

Û�xz��fÁº?bÀVQ!ÁO?3Pr£&�¡ IPh�¢zfº0J��ÒhK/

b;L5�Xcb"

� ³Q=J\|�x�¥5´�Òh

ý�Pj¥~&���h&p�q��KQ!���¤&qf³Q?b;LO�»=J!�&

�P��xK/b IPh�¢z5�Í?b";P IPh�¢zP�ÍO_GJ!0Æ&P|�

x�¥5��<cb"ËìmÆh� s&x�¥fÁº=J0bcO!mÆ5~XGJ=X

1";cf�8D[O!³Q=J\|�x�¥5´�K6b;L5�Xcb"

� É=0ÿN5�¼

|¥v�&�P_1N�jq£�&�Q!É=0ÿNfòYXZ;L5K6N0";c`P

�&�Q :ÃPÿNPYK0ÆK6b;L5�Xcb"

� <`cD0Æj¥~&�l&z=4{2N0�&�K\0ÆÒh

|¥v�&�Q0Æj¥~&�l&zL=J Ethernet=4\DN0"%
AÚP_1N¦

ì0Æj¥~&�l&zf\DN0�&�K\!³Q=N5`0ÆK6b;L5�Xcb"

� 
·Pç�

QØËÞ�n¥�j¥�&�i¥rNMPh� s&x�¥KQ!ÒhN<a
·fç�?

b;L5�Xcb"

� Á�ã�

j¥~&���OÁOã�K6b"ã�K6N0Ã�KQ!Â�Dñ5K6N0"_aKv

¯Nm hKj¥~&���Oã�K6b;L5�Xcb"

2.3 ob?<A

î©=D�Q�0Æò�O30J!0Æxz��VP¼��Tf£D?D[P0Æ��¡fP

j?b"

2.3.1 End_Z94<%]j_Z94<

X@!j¥~&���4`�Q�[P�&�f!MP_1O¨1W64f2N?b"

Ñ 2.2O!2HP��¡f�?"(a)P��¡Q!�Q�[Pä�&�5!â�P�&�O�=

J End to End0Æ5Q2b¹xf�=J0b";P��¡f End0Æ��¡L>U"(b)P�

�¡Q!�Q�[PÂ�f£&ôÂ?b�&�5/a!BP�&�5â�P�&�L0Æ=J0

b¹xf�=J0b";P��¡f!�Â0Æ��¡L>U"XD!Ñ&PuèQ�&�f�=

J0J!¯¹QÂ�PÈcf�=J0b"
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a group of nodes a group of nodes

node

node

node

node

node

node

node

node

node

node

node

node

node

node

node

(a) (b)

Ñ 2.2: End0Æ��¡L�Â0Æ��¡

End0Æ��¡Q!ä�&�5�Ä=JÂ�PôÂ5Q2b;L5Á>K/b"=4=!ä�&

�Oj¥~&���ã�×]³QP××�ºÿNf{2b;LQZ^K/b"�Â0Æ��¡Q!

Â�f£&ôÂK6b;L5Á>K/b"�¶NÂ�P]aLa5K6N0;L5,>K/b"

î©Ph� s&x�¥5�:K6bò�f5�?bD[OQ!�Q�[Pä�&�O¸°P

IPh�¢zfº0JL�K6N9cRN`N0"_GJ! 3	KQ End0Æ��¡f_º?

b"�Q�[P�&�Q!j¥~&���4`�¶Ou���s&x�¥K6bW6K/b"

2.3.2 End_Z94<)UO"'*7= 1

End0Æ��¡f�:?bh�£&�L=J!�Âó!�&~ ¥qó!���¤&qó!B

cCcKP��5P2`cb"

Ñ 2.3O!�Âó!�&~ ¥qó!���¤&qóO39b End0Æ��¡VPh�£&�

f�?"Ñ&PøQ�&�!kèQ0Æj¥~&�l&zf�=J0b"Independent Physical

LayerQ!�ÂóO39bEnd0Æ��¡VPh�£&�f�=J0b"Shared Datalink Layer

Q!�&~ ¥qóO39bEnd0Æ��¡VPh�£&�f�=J0b"Shared Network Layer

Q!���¤&qóO39b End0Æ��¡VPh�£&�f�=J0b"

� �ÂóKP�:

�ÂóK End0Æ��¡f�:?bD[OQ!ä%P�&�5=�O�ÔP0Æj¥~&

�l&zf{2b}¼5/b"?WJP�&�5%
AÚ]¦ì LANf{2J!j¥~&

���Oã�?b"ä%P�&�5XÆ=Jj¥~&���ã�×fôÂ?bD[!^\�

ª×5U0"

� �&~ ¥qóKP�:

�&~ ¥qóKEnd0Æ��¡f�:?bD[OQ!Ñ 2.3P_1O!�ÔP�&�K0

Æj¥~&�l&zP�&~ ¥qóf
´?b}¼5/b"� �yÿhfÁº?b5!

0Æ��ih¡O� �yfº°?b;LQZ^K/b"ý�Ph� s&x�¥O�Mf

Ñ2b}¼QN0"
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node node

I/F I/F

node node

I/F

node node

I/F

node

Independent Physical Layer

Shared Datalink Layer Shared Network Layer

Ñ 2.3: End0Æ��¡VPh�£&�

� ���¤&qóKP�:

���¤&qóKEnd0Æ��¡f�:?bD[OQ!Ñ 2.3P_1O!0Æj¥~&�l&

zf\H�&�f(¶=Jj¥~&���Oã�?b}¼5/b"\GL\uz�510"

2.3.3 +?0 625TaV&_Z94<

 3	KQ!�&�P£V
4`/b�&�5��=J!â�LPj¥~&���ã�ÿh]

���¤&qóO_b³QP××�ºÿhf\H0Æ��¡K/bCentral Intelligent Node in a

Group(CING) f5«?b"CING��¡Q!���¤&qóKP End0Æ��¡f�:=J0

b��¡K/b"

���¤&qóKP End0Æ��¡f�:?b��¡f_º?bÂ¶f!¬ÌO©Wb"

� |¥v�&�P�d

|¥v�&�Q!<`cD0Æj¥~&�l&zLõ±N IPz~�q=4\DN0"_G

J!�ÔP0Æj¥~&�l&zf{2b;L5K6N0"XD!³QP××f�º?bD

[PÿNHfòYXZ;L5K6N0"

� ?WJP�&�5�ÔPÿhf\H;LQzGÅ
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�Q�OQ 2004` 300P�&�5�d?b"?WJP�&�O44b0Æuz�QU0"

XD!�ú©KQ!Ô�7P�£�u¡z~�qO�MfÑ2b;LQ�ÒhK/b"

� 0Æ��ihP�ª×

�&~ ¥qK³QP××f�:?b��¡Q!�ª×O­�5/b"Õß&P/`^bL

;dKÁºÒhN0Æ��ihP�:QzÁOZ^K/b"_GJ!¹%N0Æ��ihf

ÁºK6b���¤&qóO_b³QP××�ºP�:5�X=0"

� h� s&x�¥P�M

���¤&qó_a½­óK³QP××f�:?b;LQ!h� s&x�¥O�MfÑ

2b;Lf°¤?b"?WJPh� s&x�¥O�MfÑ2b;LQ�ÒhK/b"_G

J!h� s&x�¥O�MfÑ2b;LN7�:K6b���¤&qóO_b³QP××

P�º5�X=0"

¬½PÂ¶4`!�Q�Oj¥~&���ã�×f5�?bOQ!CING��¡5^8K/b"

Ñ 2.4Q!CING��¡OüI0D�Q�0Æ��¡Pã¼f�=J0b"Ñ&PuèQ�&�

f�=J!�&�P£V
5³Q=J0b¹xf�=J0b"Ñ&P�ìQ!³QP××Hfù

[Dj¥~&���ã�×f�=J0b"CIN(Central Intelligent Node)Q!���&�f�=

J0b"

PDC

PHS

Wireless LAN

sensor

sensor

PDA

PC

CIN

Ñ 2.4: �Q�P0Æ��¡ã¼

CING��¡KQ!CIN5j¥~&���VPã�×f5�?bD[!BP�P�&�QCIN

Oã�?bÿhPYf\JR_0"XD!�£�u¡z~�qfÞÏ=J�:<cbÿhQ CIN

O£&<AbD[!BP�P�&�QÉDNÿNf}¼LA@0ÆK6b"
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E3@ 0L51

 ¸KQ!³Q
0ÆO÷?bý�P3	OH0J»=7©Wb"³QP××�º�£�u¡K

/b*Mobile IPv6+!_aª3=Dj¥~&���ã�×f5�?b*�Ôj¥~&�l&z}

ÅÿN+!SubnetP³QP××f�:?b*Network Mobility Support in IPv6(MONET)+!³

Q�&�öP(ÔÖCf�:?b*Mobile Ad-hoc Networks(MANET)+f¹Ú?b"XD! 

3	LP÷Ó×]ý�P3	O39b­�>OH0JPj?b"

3.1 Crk[D,J&3KjRO

³QP××�:PD[P�£�u¡507H45«<cJ0b"Ò2R!Request for Com-

ments(RFC)ONGJ0bMobile IPv4[6]!:d�Ø&K/bMobile IPv6[7]] Location Inde-

pendent Networking for IPv6(LIN6)[8] L0GD�£�u¡K/b"j¥~&�l&zâ�2ÿ

NL=JQ!Mobile IPv6 with multiple networking interface support(I/F switch)55«<cJ

0b"

3.1.1 Mobile IPv6

Mobile IPv6Q!The Internet Engineering Task Force(IETF)P IP Routing for Wireless/Mobile

Hosts¤&p¥rr¡&�K�Ø<c!~ªÍ5Ï[`cJ0b"Mobile IPv6Q!���¤&

qóK³QP××f�º?bD[P�£�u¡K/b"XD!ý�Pj¥~&���h&p�q

��VP¿�f^µ<O¾2bL01«~Kä+<cJ0b"

Mobile IPv6fÁº?bL!�&�P³QP××P�º5�:<cb"Mobile IPv6Q!%


AÚ]������u¥��&~L0GD=
P�&�O³QP××f�º?b;Lf«7L=

J0b"BPD[!�Q�]A�P_1N�&�£V
VP³QP××�ºQ�:<cN0"

 3	KQ!�&�£V
VP³QP××P�ºf�:?bD[O!Mobile IPv6få(=D

�£u�¡fÁº?b" 3	KQMobile IPv6fî5L=J0bD[!BPqòYf»=7æ

¨?b"

Mobile IPv6!XCOW

� Mobile Node(MN)

Home Addressfº0Jã�×5�º<c!ã��j¥�f¬��M?b�&�"

� Home Address

Mobile NodePHome LinkKíaGJ`cb IPh�¢z"

� Home Link

Mobile NodePHome AddressPnetwork pre�x53�<cJ0b ¥q"0ÁP IP routing

13



�o�{�O¤2R!Mobile NodeP Home AddressO©J`cD�s��Q!;P ¥

qOmü<cb"

� Foreign Link

Mobile NodePHome Link¬âP ¥q"

� Home Agent(HA)

Mobile NodeP Home LinkOã�<cJ0J!Mobile Node5:dÁº=J0b Care-of

addressfC×=J0b¡&~"Home AgentQ!Mobile Node5Foreign LinkOã�<c

J0bL6!Mobile NodeP Home Address©JP�s��f��?b"Bcfo�|¡

Í=!C×<cJ0bMobile NodePCare-of address O©JJ]ü?b"

� Care-of address(CoA)

Mobile Node5 Foreign LinkOã�<cJ0bcOíaGJ`cbh�¢z"Care-of ad-

dressQ�Ô\Jb"Home AgentOC×=Dh�¢zQ!\Primary" Care-of addressL>

Rcb"

� Binding

Mobile NodePHome AddressLCare-of addressP�È"

� Correspondent Node(CN)

Mobile NodeL0Æ?b?WJP�&�"

Mobile IPv6;Y

MNQ!j¥~&���½PM;Oã�<cJ0J\!aÏNb�K\ Home Addressf\G

J��<cb"Home Link¬âOã�=J0bL6Q!BP ¥qK�cOÁºÒhNh�¢z!

CoAfº0J0ÆfQ1"MNPHome Address O©J`cD IPv6�s��Q!CoAfº0b

;LKP×7Omü<cb"

Mobile IPv6KQ!ä IPv6�&�5MNPHome AddressLCoAf�ÈI9DBindingf�

�?b"BPD[!CN 5MNO�=J�s��füÆ?bcO.ãCoAf©èO|3K6b"

Mobile IPv6KQ!;PöffÒhO?bD[OÉ=0 IPv6 destination option f07H43

�=J0b"_GJ!Mobile IPv6fS`?bD[OQ!;c`Pn�x�¥fv�&�=J0

b}¼5/b"

Mobile IPv6!FP"

Mobile IPv6KQ!Home AgentQ³QP××f�º?bD[P¥¼N�dK/b"HAQ!Û

=0 Bindingf��=J0b}¼5/b"Mobile IPv6KQ!BindingfôÂ?bD[O�P_

1N­ÂfQ1"

Ñ 3.1O!MN5³QBOQ1­ÂPã¼f�?"

MN5 Home Link4` Foreign LinkO³Q?bÀVfP2b"MNQ!Foreign LinkKÉ=

0CoAf�U?b"MNQ!HAOÉ=0CoAPÂ�f?2bD[O!Binding UpdateL>R

cb��|&yfüb"HAQ!Û=7Binding5C×#MÉ<cD;Lf?2bD[O!MNO

Binding Acknowlegement(Binding Ack)��|&yfüÆ?b"MNQBinding Ackf�Æ?b
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Mobile Node

Home Agent

Mobile Node

 Move 

Binding Update

Binding Ack
Home Link Foreign Link

Ñ 3.1: MNP³QBP­Â

;LK!BindingPC×5ïÌ=DLq�?b"Binding Ackf�ÆK6NGDÀVQ!Binding

UpdateP]üHP­ÂfQ1"

¬½P_1O=J!HAKÁOÛ=0Bindingf��K6b_1O=J0b"�O!BindingC

×­ÂBPHAP°íOH0J©Wb"

Ñ 3.2O!BindingC×­ÂBP HAP°íOH0J�?"

Home Agent

Mobile Node

Home Link Foreign Link

Correspondent
Node

1

2

3

Ñ 3.2: BindingC×­ÂBPHome AgentP°í

CN5MNP Home AddressO©JD�s��füÆ=DÀVfP2b";PÀV!¬ÌP_

1O�s��5MNOmü<cb"

� MNP Home AddressO©J`cD IPv6�s��Q!0ÁP IP routing P�o�{�O

¤GJ!Home LinkOmü<cb"

� Home LinkOmü<cD�s��Q!HAO_GJ��<cb"

� HAQ��=D�s��f!CoAO©JJ]ü?b (IP in IP tunneling[9])"
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;P_1O!MNPCoAf `N0CNK\!Home Addressfº0J0Æ?b;L5K6b"

3.1.2 I/F Switch

Mobile IPv6 with multiple networking interface support (I/F Switch)[10]Q!Mobile IPv6f

å(=Jä+<cDj¥~&�l&zâ�2ÿNK/b"

I/F SwitchKQ!Áº�P¼�]0Æj¥~&�l&zPÃ�OÈ>J Áº?bj¥~&

�l&zf-3?b"Ò2R!*¦ì LANf^²è?b+L01Áº�P¼�5/GJ\!%


AÚ=4ÁºK6N0Ã�K/cR!xz��Q%
AÚfí�?b"

XD!-3=Dj¥~&�l&zfø�O `AbD[O!BPj¥~&�l&zO�È?b

Bindingf0Æø�OüÆ?b"�&�Q!0Æfáw�O!üÆ7L©èP IPh�¢zL�&

�f-3=!|�x�¥óK;cf��?b"äóQ!;PÂ�f7O�&~Pü�ÆfQ1"0

ÁQ!0Æj¥~�l&z¡O IPh�¢z5íaGJ`cJ0b"üÆ7h�¢zf-3?b;

LQ!BP0ÆO30JÁº?bj¥~&�l&zfí�?b;LONb"=D5GJ!Mobile

IPv6KQ!CoAfâ�2b;LQj¥~&�l&zfâ�2b;Lf°¤?b"

 3	KQ!j¥~&�l&zâ�2ÿNL=J!I/F Switchf_º?b"I/F SwitchfÁº

?bL!_aª3=Dj¥~&���ã�×5�:K6b"Mobile IPv6få(=Jä+<cJ0

bD[!Mobile IPv6LPÍÙ×\U0"I/F SwitchQ!Mobile IPv6få(=Jä+<cJ0

bD[!=
�&�O³QP××f�º?b;Lf«7L=J0b"�Q�]A�P_1N�&

�£V
VP³QP××�ºQ�:<cN0"

3.1.3 625> -&@a`eXIQ

���¤&qP³QP××�ºÿNL=J!Mobile Networks Support in Mobile IPv6(Mobile

Subnet)[11] ]Mobile Router Support with Mobile IP(Mobile Router)[12] 5/b";c`Q

Mobile IPv6få(=D�£�u¡K/b"BcCcOH0J!¬ÌOãæ?b"

Mobile Subnet

Mobile SubnetKQ!���¤&qh�¢zLCoAf�ÈI9b;LK���¤&qP³QP

××f�:?b"Mobile IPv6P BindingO���¤&qh�¢zf�Ñ?b;LK!0Æø�

Q���¤&qh�¢zL CoAf�ÈI9b;L5K6b"

Ñ 3.3O!Mobile SubnetPã¼f�?"Ñ&P Internal LinkQ[����¤&q!internal

nodeQ[�P�&�f�=J0b"

Mobile NodeQ![����¤&qP���¤&qh�¢zfù[DBidningfüÆ?b"Home

Agent5[��&�O�s��füÆ?bÀVQ![����¤&qO�È?b Bindingfl¶

?b"B=J!Rouring HeaderfÁº=!CoAf(¶?b_1OüÆ?b"

Mobile SubnetfÁº?cR!�&�£V
VP³QP××5�:K6b"[��&�O�=

Jå(f}¼L=N0D[!|¥v�&�K\ÁºK6b"=4=!Mobile SubnetE9KQ0

Æm h]
·P­�fÜ-K6N0"
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Mobile Node

Home Agent

Mobile Node

 Move 

Binding Update

Binding Ack
Home Link Foreign Link

internal
node

internal
node

internal
node

internal
node

Internal Link

Ñ 3.3: Mobile SubnetPã¼

Mobile Router

Mobile Router Support with Mobile IP(Mobile Router)[12] Q!Mobile SubnetLQ²Na!

Mobile IPv6PÿNO�MfÑ2b;LN7���¤&qP³QP××f�º?bÿNK/b"

Mobile RouterLQ![����¤&qf\HMobile NodeK/b"Home AgentLMobile

RouteröO IP tunnelfä"?b"Mobile Router5���¤&qf³Q=DcQ!�MBP IP

h�¢zfº0J IP tunnel5´�<cb";cO_a!Mobile Router5MP���¤&qOã

�<cJ0J\!Home AgentL 1���P÷ f�H;L5K6b";cO_a!Mobile Router

[�P���¤&qP³QP××5�º<cb"

Mobile RouterfÁº?b;LK!���¤&qP³QP××f�ºK6b"=4=!ÁOHome

Agent(¶P0ÆONa!(Ô5¿,K/b"

3.1.4 Mobile Ad-hoc Network

Mobile Ad-hoc Network(MANET)[13]Q!IETFP*Mobile Ad-hoc Networks+¤&p¥rr

¡&� (MANET WG)K�Ø<c!~ªÍ5QecJ0b"

MANETLQ!¦ì ¥qK*5GD¡&~Rv5!Q7OBP��£yf�M!#Ø?b�

Äxz��K/b"¦ì ¥qfÁº=J0bD[!¡&~Q�¶O³Q=!¡&~öPã�f

Ó��M?b"=D5GJ!���¤&qP��£yQ�tO�M<cb"MANET WGKQ!

MANET[�P¡&�i¥rfÜ-?b;Lf«7=J0b";cXKPØÕL=J!Ad Hoc

on Demand Distance Vector Routing(AODV)[14]] The Dynamic Source Rouing Protocol for

Mobile Ad Hoc Networks (DSR)[15]H55«<cJ0b"

XD!MANETQ!Bc�XK�>D���¤&qL=JÁº?bÀV\/b5!j¥~&��

�Oã�<cb;L\/b"Ò2R!Global Connectivity for IPv6 Mobile Ad Hoc Networks

(GCFA)[16]55«<cJ0b"GCFAKQ!â�ã�×f\GDMobile IPv6�&�5Ad Hoc

NetwrokPt&�kljf=Jÿh?b"Mobile IPv6fÁº?b;LO_a![�PMANET

Q³QP××5�º<cb�£�u¡K/b"
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P³QP××5�:K6b"=4=!�
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3.2 VZ

î©=D³QP××�º�£�u¡Q!���¤&qóO39b³QP××P�ºf�:=J

0b"L;d5!%
AÚ]������u¥��&~L0GD=
P�&�O³QP××f�

º?b;Lf«7L=J0b"BPD[!�Q�P_1N�&�£V
VP³QP××�ºQ�

:<cJ0N0"

j¥~&�l&zâ�2ÿNQ!I/F Switch55«<cJ0b"I/F SwitchQ!Mobile IPv6

På(L=Jä+<cJ0b"³QP××�º�£�u¡LR¹O!=
P�&�O³QP××

f�º?b;Lf«7L=J0b"_GJ!�Q�P_1N�&�£V
VPj¥~&�l&z

â�2ÿh5�:<cJ0N0"

�&�£V
VP³QP××�:P�¨L=J!Mobile Subnet]Mobile Router55«<c

J0b"Mobile SubnetQ!Mobile IPv6 På(L=Jä+<cJ0b"���¤&qP³QP

××f�:=J0b"

;P_1O!�&�£V
5³Q?b;LO�»?b­�507H4�d?b"XD!BcC

cP­�O�=JPÜ-h55«<cJ0b"� 3.1O!j¥~&����Q�P0Æxz��

O�[`cb�TLý�P�¨P÷ f�?"

� 3.1: ¼��TLÜ-=J0b­�

a b c d e f

Mobile IPv6 - . - - - -

Mobile Subnet . . . . - -

Mobile Router . . . . - -

I/F Switch - - - - . .

GCFA . . - - - -

a ä�&�5¸°P IPh�¢zfº0JL�Òh

b ³Q=J\|�x�¥5´�Òh

c �[�&�OÉ=0ÿN5�¼

d <`cD0Æj¥~&�l&z=4{2N0�&�K\0ÆÒh

e 
·Pç�

f Á�ã�

� 3.14`�4b_1O!=�PÿNE9KQ!0Æxz��VP¼��T?WJfÜ-K6N
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Q!�z�P³QP××f�º?bMobile IPv6]�&�£V
P³QP××f�º?bMobile

Subnet!j¥~&�l&zâ�2f�:?b I/F Switch55«<cJ0b";c`PÿN�
K

Q�Q�fj¥~&���Oã�?bcO�;b?WJP­�fÜ-K6N0;LQ!� 3¸K

�=D" 3	KQ!;c`PÿNfKV7O¨2bxz��fä+=!N%?b"

4.1 `YA :89;>

j¥~&����Q�OQ!³QP××f�ºÿhf}¼L?b�&�5�7�d?b"XD!

�ÔPj¥~&�l&zfÃ�OÈ>Jâ�2b;LK!_aª3=Dj¥~&���ã�×f

5�?b"

�[�&�VP³QP××P�:!_aª3=Dj¥~&���ã�×P5�?bD[O!CING

��¡OÆGJ!�b¡&~xz��fä+?b" 3	KQ!�b¡&~xz��O39b�

��&�f�b¡&~L>U"�b¡&~O}¼NÿhQ¬ÌP0aL?b"

� Mobile IPv6

�b¡&~P³QP××f�º?b"³Q=J\|�x�¥f´�?b;L5ÒhO?b"

Mobile IPv6Q!ý�P IPv6z~�qVP�M5^µ<ONb_1Oä+<cJ0b"X

D!�ú5�7Eá<cJ0bD[!ápuz�510"

� Mobile Subnet

�[���¤&qP³QP××f�º?b"�[Pä�&�V¸°P IPh�¢zfº0J

L�?b;LfÒhO?b"³QP××5�º<cD���¤&qO�[�&�5ã�?

b";cO_a!�[�&�QÉDNÿNf}¼LA@³QP××5�º<cb"Mobile

SubnetQ!Mobile IPv6På(L=J�:?bD[!Mobile IPv6LPÍÙ×5U0"Mobile

Router\R¹P¼��Tf£D?;L5K6b"=4=!Mobile RouterKQ!�b¡&

~L Home AgentöKpÜ?b¿,(Ôf^8ÍK6N0"_GJ! 3	KQMobile

Subnetf_º?b"

� I/F Switch

Ã�OÈ>J0Æj¥~&�l&zfâ�2b;LK!_aª3=Dj¥~&���ã�×

f5�?b"Á�ã�f�:?bD[P0Æm h]
·Pç�f�:?b"Mobile Subnet

ÿNLR>7Mobile IPv6På(L=J�:?bD[!Mobile SubnetÿNLPÍÙ×5

U0"

;c`Pÿhf�b¡&~O£&<A!KV7O¨1;LK!0Æxz��VP¼��Tf£

D?"

20



Ñ 4.1Q!Mobile IPv6!Mobile Subnet!I/F Switch PäÿN5MP_1O�*Qf?b4f

�=J0b"Ñ&PÃJQ!�&~�&zf�=J0b"CoA managerQCoAôÂ�!Binding

managerQBindingôÂ�!Option Header ProcessingQn�x�¥���­Â�f�=J0b"

Mobile IPv6 stack

I/F Switch

Mobile Subnet

Binding manager

CoA manager

Binding
Cache

Binding
Update List

Option Header
Processing

Ñ 4.1: äÿNP�*Qf

Mobile SubnetÿNQ!Mobile IPv6ÿNP BindingôÂ��Tn�x�¥���­Â�få

(=J�:?b"I/F SwitchÿNQ!Mobile IPv6ÿNPCoAôÂ�få(=J�:?b"_G

J!Mobile SubnetÿNL I/F SwitchÿNöKMobile IPv6 z~�q½K¥�?b��5N0"

Binding Update ListfÚ=J!Mobile SubnetÿNL I/F SwitchÿN5÷ f\H"ä%P�

*Qf��P»aOH0JQ!� 4.1.1å¬SK©Wb"

4.1.1 VR< 0./38\LCi

Ñ 4.2O!�b¡&~xz��Pä+ã¼f�?"Ñ&P I/FQ!ä0Æj¥~&�l&zf

�=J0b";;KQ!I/F-3Q�[P���¤&qf5�?bD[OÁº<cJ0bL?b"	

ÃQ!äÿhf�=J0b"ÃJQ!�&~�&zf�=J0b"

�b¡&~xz��Q!Mobile IPv6Pÿh�T!Mobile IPv6få(=JMobile Subnet�

T I/F switchÿhf�H"�b¡&~xz��P�NÿhQ!Home Address Selection�!CoA

Selection�!Transparent�4`Nb"�b¡&~Q?WJPÿhf\H"HA�T0Æø�K

/b CNQ!Transparent�PYKNØ<cb"

Mobile IPv6

Mobile IPv6P�NÿhQ!Home Address Selection�!CoA Selection�!Transparent�

K�:<cb"�&~�&zQ!(ÔÂ�fæg?bRouting information!Bindingfæg?b

�&~�&z!j¥~&�l&zâ�2P� xfæg?b Policy Database 4`Nb"Mobile

Subnetf Transparent�få(=J!I/F switchf CoA Selection�få(=J�:?b"

Home Address Selection�KQ!Mobile IPv6�TMobile SubnetKÁº?bHome Addressf

-3?b"�b¡&~Q!�ÔPHome Addressf��=!«7OÈ>JÁº?bHome Address

fí�K6b"Home Addressfí�?b;LQ!Áº?b Home Agent fí�?b;LK/

b"Home AgentPv&�zP�]!Home AgentXKPRTTHfPË=D���¤&qNØ5
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etc...
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I/F 2

CoA2

Bandwidth
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I/F 3
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

(a)

(b)

(c)

(d)

Ñ 4.2: �b¡&~xz��ä+ã¼

K6b"Transparent�KQ!Bindingfl¶=!Mobile IPv6Pn�x�¥­ÂHfQ1"CoA

Selection�KQ!� x�&~&�&z]j¥~&�l&zPÃ�fl¶=!Ã�OÈ>DCoA

fí�?b";P��K!j¥~&�l&zâ�2ÿhf�:?b"

Mobile Subnet

Transparent�få(=J!���¤&qP³QP××�ºÿhf�:?b"»aOH0JQ!

� 4.2åKæ¨?b"

I/F Switch

CoA Selection�få(=J!j¥~&�l&zâ�2ÿhf�:?b"»aOH0JQ!�

4.3åKæ¨?b"

4.1.2 VR< 0./38aSCi

�[�&�4`�s��5�b¡&~f(¶=Jmü<cbXKPÈcf�?"

1. �[�&�4`P�s��f I/F-3K�9�b"

2. IPv6 Forwarding�OJ!ÎP©èO�?b�qz����f-3?b"

3. Home Address selection�OJ!Áº?b Home Addressf-3?b"

4. CoA Selection�OJ!j¥~&�l&zPW×] ¥qPÃ�OÈ>J!Áº?bCoAf

-3?b";PÀV!CoA15í�<cDL?b"
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5. Transparent�OJ!³QP××f�º?bD[­ÂfQ1"n�x�¥���Põ`H5

Qecb"

6. (ÔÂ�4`�qz����5í�<cb"I/F-1f(¶=Jmü<cb"

7. �[�&�Q�s��f�9�b"}¼OÈ>JBindingfMÉ?b"

�O!0Æø�4`�[�&�O�s��5mü<cbXKPÈcf�?"

a. 0Æø�PTransparent�OJ!³QP××f�º?bD[­ÂfQ1"n�x�¥���

Põ`H5Qecb"

b. Routing HeaderfÁº=J!�b¡&~P I/F-1O�s��5mü<cb"

c. �b¡&~PTransparent�OJ!n�x�¥���P­Â5Qecb"

d. (ÔÂ�4`�qz����5í�<cb"I/F-3f(¶=J!�[�&�Pmü<cb"

4.2 Mobile SubnetH{

Mobile SubnetPä+OH0J©Wb"Mobile SubnetQ!Mobile IPv6 P Bindingfå(=

Jä+?b" xz��P Transparent�L=JNØ<cb"

Ñ 4.3Q!Mobile SunbetÿNPã¼fj¥~&����Q�xz��OGJQ[D\PK/

b"Ñ&P in-vehicle subnet pre�xQ�Q�[P���¤&qf|?"
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in-vehicle
router

in-vehicle
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in-vehicle
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correspondent
node

I/F-1

Internet

vehicle

CoA

HomeAddress

HomeAddress CoA

in-vehicle
subnet prefix

in-vehicle
subnet prefix

CoA

... ...

HomeAddress,in-vehicle subnet prefix, CoA

Binding Update

Binding Cache

Ñ 4.3: Mobile SubnetÿN

�b¡&~Q!Binding UpdateL=J!�b¡&~�ÎPHome Address LCoAOÑ2!�

[���¤&q�¢�i�qzf�Ñ?b";cO_a!0Æø�Q�[���¤&qO�È?b

CoAf b;L5K6b"0Æø�P Binding CacheQ!Ñ&*Binding Cache+P_1ONØ

<cb"Mobile IPv6KQ!BindingQ Home AddressL CoAP�ÈK/b5!Mobile Subnet

KQ!Network AddressLCoAP�È\ôÂ?b"Bindingf2i?bÀVQ!���¤&q�

¢�i�qzP�Èf2i?b"

�[�&�50Æø�O�s��füÆ?bÀVQ!¬ÌP_1NÈcONb"

1. üÆ7h�¢zQ�[�&�Ph�¢z!©èh�¢zQ0Æø�Ph�¢zK/b�s�

�5�b¡&~Omü<cb"
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2. �b¡&~Q!�9�GD�s��fo�|¡Í?b (IP tunneling)"o�|¡Í<cD�

s��PüÆ7h�¢zQ�b¡&~PCoA!©èh�¢zQ0Æø�Ph�¢zK/b"

3. (ÔÖCO¤0!o�|¡Í<cD�s��Q0Æø�Omü<cb"

4. 0Æø�Q!o�|¡Í<cD�s��4`!7P�s��f�a§?"

0Æø�5�[�&�O�s��füÆ?bÀVQ!¬ÌP_1NÈcONb"

1. 0Æø�Q�È?b Bindingf*Wb"

2. üÆ7h�¢z50Æø�Ph�¢z!©èh�¢z5�È?bCoA!Routing headerO

�[�&�Ph�¢zK/b�s��füÆ?b"

3. (ÔÖCO¤0!�b¡&~O�s��5mü<cb"

4. �b¡&~Q!Rouing header4`�[�&�Ph�¢zf�a§=!©èh�¢zO¯6

ñ2b"

5. �[�&�Q!üÆ7h�¢z50Æø�Ph�¢z!©èh�¢z5�[�&�Ph�¢

zf�9�b"

XD!�[���¤&qO*5b�&�5�Qä3K6b_1O¡&~KWfQ1"¡&~K

WOQ!�Qä3O}¼NÂ�5ùXcJ0b"�[�&�Q!¡&~KW4`U`cbÂ�f

üOh�¢z](ÔÂ�Hfä3?b"

Mobile IPv6O�=JQN1å(Q¬ÌP0aK/b"

�b¡&~Q!Binding UpdateO�[���¤&qPÂ�f�Ñ?bÿNf�H"XD!¡&

~KWfQ1"0Æ�&�Q!å(<cDBinding UpdatefÂÜ=!in-vehicle subnet pre�x\

2iÒhNBinding CacheÿNf�H"�[�&�Q!0ÁP IPz~�qPXXK_0"

4.3 I/F SwitchH{

I/F SwitchQ! xz��PCoA Selection�L=JNØ<cb"

Ñ 4.4Q!I/F SwitchPã¼fj¥~&����Q�xz��OGJQ[D\PK/b"�b

¡&~Q�ÔP0Æj¥~&�l&zf�F!BcCcO CoAf\H"

�b¡&~5j¥~&�l&zfâ�2D0ÀVQ!â�2D0j¥~&�l&zP CoAf

BindingOÁº?b"Ò2R!I/F-14` I/F-3Vâ�2D0ÀVQ!BindingPCoAfCoA14

`CoA3O�M?b"0Æ�&�O39b Binding CacheQ!�P_1ONb (� 4.1)"

É=0Binding Updatef�9�GD0Æø�Q!CoA1O©JJ0D�s��fCoA3O©J

b_1ONb";cO_a!�b¡&~Q!µ1j¥~&�l&z4`�s��f�9�b;L

5K6b"

�O!CoA-3�Pä+OH0J©Wb"Ñ 4.5Q!CoA-3�Pã¼f�=J0b"

CoA list managemet�O!Áº?bj¥~&�l&z§LBPj¥~&�l&zP²èEf`Ñ
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Ñ 4.4: I/F switchã¼

� 4.1: 0Æ�&�PBinding Cache
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In-vehicle subnet pre�x CoA1

Binding Cache 2

HomeAddress CoA3

In-vehicle subnet pre�x CoA3

Ò2R!ÑP_1Oj¥~&�l&zPÁº� x5ä3<cJ0bL?b"I/F-25Áº�

ÒhNÃ�ONGD;Lf2 =J!ÑP_1OCoA z�5NØ<cb"NØBQ!^\²è

E5U0 CoA25Áº?bCoA L=Jí�<cb"

Mobile IPv6O�=JQN1å(Q¬ÌP0aK/b"

�b¡&~Q!j¥~&�l&zPÃ�]Áº�P� xO¤GJrº?bCoAfí�?bÿ

Nf�H"XD!BPÂ�fBinding UpdateL=J0Æø�O `AbÿNf�H"0Æ�&�

Q!0ÁPMobile IPv6z~�qPXXK_0"�[�&�Q!0ÁP IPz~�qPXXK_0"

4.3.1 default route%NDP cache&HK
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=!(Ô�P default routerOQ�M5N0D[!����L=J defrouter15í�<cb"(
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Ñ 4.5: CoA-3�ã¼
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� í�<cD CoAO�È?b¡&~f default routerO|��?b"
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NI��KQ!IPv6z~�q[O�b¡&~xz��f�ú?b"Mobile IPv6]Mobile Subnet

ÿNQ!BPq¹½!IPv6z~�qLzÁO¥ãN÷ O/b"Ò2R!IPv6z~�qP(Ô

-3]�s��Pü�Æ!�T IPv6n�x�¥���P­ÂNMf�M!/Ñ?b}¼5/b"

�b¡&~xz��Q!NI��Kä+?b"

Ñ 5.2Q!�b¡&~xz��P IPz~�q­ÂPï
ÑK/b"option processQå(n

�x�¥­Â�!binding update manageQ Biding UpdateôÂ�!binding cache manageQ

Binding CacheôÂ�!f�=J0b"�ìK¯XcD��5!�b¡&~xz��Kå(<c

D��K/b"

�b¡&~xz��KQ!IPv6Pn�x�¥���fº0J�rP­Â5Qecb"BPD[!
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Ñ 5.1: Uÿh�6����¤&qNØ (§9$j¥~&��� ITSÛ��Î)
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transport_outputtransport_input

ip6_output

option_insertoption_process

nd6_outputip6_input

network I/Fnetwork I/F

binding_update
_manage

binding_cache
_manage

Ñ 5.2: �b¡&~P�úã¼

IPv6z~�qPü�Æ­ÂPN4KÉ=7ÿNf/Ñ?b;LK!�b¡&~xz��f�:

?b"

É=7/Ñ=DÿhQ!¬ÌP0aK/b"

� å(n�x�¥P­Â�

üÆ�Q!Mobile IPv6�TMobile SubnetÿN, j¥~&�l&zâ�2ÿNPD[Pn

�x�¥���Põ`fQ1"XD!�Æ�OQ!n�x�¥���P­ÂfQ1"}¼O

È>J!Binding CacheôÂ�]Binding UpdateôÂ�f>T§?"

� Binding UpdateôÂ�

Binding UpdateP�U!/Ñ!g³!MÉfQ1"

� Binding CacheôÂ�

BindingP�U!/Ñ!g³!MÉfQ1"

5.2.1 D^,7.:?Wj&k(

å(n�x�¥f­Â?bD[!IPv6©èn�x�¥���­ÂP dest6 input÷ÔOå(f

QNGD";På(fÑ 5.3 O�?"

Binding Update�T Binding Ack!Binding RequestP©èn�x�¥52 <cDÀVO!

mobileip6 process destopt÷Ô5>T§<cb"mobileip6 process destopt÷ÔQ!BcCcPn

�x�¥O�=J!recv binding update÷Ô!�T recv binding ack÷Ô!recv binding req÷Ô

f>T§?"recv binding update÷ÔKQ!Mobile IPv6Pq¹O¤GJ!�9LGDBinding Up-

datefÛG×f2º?b"XD!}¼OÈ>JBinding Cachef/Ñ!MÉ?b"recv binding ack

÷ÔKQ!Mobile IPv6Pq¹O¤GJ!�9LGDBinding AckfÛG×f2º?b"XD!}
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� �

int

dest6_input(mp, offp, proto)

struct mbuf **mp;

int *offp, proto;

{

--- skip ----

#ifdef MOBILEIP6

case IP6OPT_BINDING_UPDATE:

case IP6OPT_BINDING_ACK:

case IP6OPT_BINDING_REQ:

if (mobileip6_process_destopt(m, dstopts, opt, dstoptlen) == -1) {

printf("debug: goto bad");

goto bad;

}

optlen = *(opt + 1) + 2;

break;

#endif /* MOBILEIP6 */

--- skip ----

}

� �

Ñ 5.3: ©èn�x�¥���­Â÷ÔVPå(

¼OÈ>JBinding Update Listf/Ñ!MÉ?b"recv binding req÷ÔKQ!Mobile IPv6P

q¹O¤GJ!�9LGD Binding RequestfÛG×f2º?b"XD!}¼OÈ>J Binding

UpdatefüÆ?b"

5.2.2 Binding Update ListGjc

Binding Update ListQ!]�7O>T§<cb timeout binding update list÷Ôfº0J�a

�=­Â5QNecb"timeout binding update list÷ÔKQ!¬ÌP_1Nÿh5QNecb"

� Binding Update ListPfØ?b"

É=0 Home Addressf2 =J!Binding Update ListffØ?b"

� Binding Update ListP~j�­Â

Binding Update List[Pm¥� O�?b~j�­Â"ÀVO_GJQ Binding Update

PüÆ]!m¥� Pg³fQN1"

5.2.3 Binding CacheGjc

Binding CacheQ!]�7O>T§<cb timeout binding cache÷Ôfº0J�a�=­Â5

QNecb"timeout binding cache÷ÔKQ!Binding CacheP~j�­Â5QNecb"ÀV
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O_GJQ!Binding RequestPüÆ=Da!m¥� Pg³fQN1"

5.2.4 Home Address&Ebfg

�b¡&~xz��KQ!Home AddressQÎô��jzfº0Jæg?b"Home Link¬â

P���¤&qOã�=J0bÀVQ!�j¥~&�l&zOQCoA5íaGJ`cb"íaG

J`cJ0b IPh�¢zL÷ PN0 Home Address5�j¥~&�l&zOæg<cJ0b

Ã�Q!NDPPÿN](ÔÂ�ôÂÿN½!�X=7N0"_GJ!Home Addressfæg?b

D[PÎô��jzfº°?b"

5.3 `YA :89;>#w]&0$< :M.'-< :Ui

�b¡&~KQ!Mobile Subnet] I/F switchf�:?bD[O!�7P�&~Nþf��?

b}¼5/b"

Ñ 5.4O!�b¡&~xz��P�&~Nþf�?"Ñ&P��Q!Nþ
LBP§·f�=

J0b"¯¹Q!Nþ
P*5af�=J0b"

binding_cache binding_cache

mobile_network_
cache

mobile_network_
cache

mobileip6_data mobileip_
softc

mip_if

home_agent_list home_agent_list

binding_update_
list

binding_update_
list

coa_list coa_list

Ñ 5.4: �b¡&~P�&~Nþ

� mobileip dataNþ
Q!�b¡&~xz��P�&~ï
fæg?b"

� mobileip softcNþ
Q!�b¡&~O}¼NÂ�fæg?b"

� mip ifNþ
Q!Home Addressfæg?bÎô��jzPÂ�fæg?b"

� coa listNþ
Q!CoA selection�O_GJNØ<cbCoAP z�fæg?b"

� home agent listNþ
Q!ÁºÒhN Home AgentP z�K/b"

� binding update listNþ
Q!üÆ`YPBinding Updatefæg?b z�K/b"

� binding cacheNþ
Q!Binding Cachefæg=D z�K!?WJP�&�5��?b"

� mobile network cacheNþ
!SubnetPBinding Cachefæg=D z�K!?WJP�&

�5��?b"Mobile IPv6PÿhLMobile SubnetPÿhPâa�9f¨çO?bD[

O!�PCacheL=J��?b"
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XD!Ñ 5.5Q!�b¡&~P CoAL BindingfôÂ?bD[P�&~NþK/b"

� �

struct mobileip_softc {

struct ifnet mip_if;

struct sockaddr_in6 coa;

struct in6_addr home_agent;

LIST_HEAD coal_head;

LIST_HEAD hal_head;

LIST_HEAD bul_head;

const struct encaptab *encap_cookie;

};

� �

Ñ 5.5: mobileip softcNþ


mip ifNþ
Q!Îôj¥~&�l&zPÂ�5æg<cb"coaNþ
Q!:d¸w²èE5

U0CoA5æg<cb"home agentNþ
Q!:d¸w²èE5U0Home Agent5æg<c

b"coal headNþ
Q!CoA z�P����j¥~K/b"hal headNþ
Q!Home Agnet

 z�P����j¥~K/b"bul headNþ
Q!Binding Update z�P����j¥~K

/b"ecap cookieNþ
Q!o�|¡Í<cD�s��f�a§?cOÁº?bÂ�K/b"

5.4 `YA :89;>cTLU

Ñ 5.6Q!Áº�]ôÂ�5Áº?b�b¡&~xz��PÖCÿNf�=J0b"Q7NÂ

�fôÂ?bD[O!ioctlfº0b"à7NÂ�PôÂ!K+Â�P�U?bD[O!sysctl

fº0b"

:d ioctlfº0JQ2b­ÂQ!¬ÌP0aK/b"

� Binding Update z�P/Ñ!g³!�U

� �j¥~&�l&zLHome AdderssLP÷ÓI9

� Home Agnet z�P/Ñ!g³!�U

� Binding CacheP/Ñ!g³!�U

� Mobile Network CacheP/Ñ!g³!�U

ôÂ�Q!h�¢z�g� 5AF INET6PRAW}s��fn&�¥=DBO!ioctlfº

0J;c`PÖC5Q2b"YB!}¼OÈ>JÖCu�¥�f/Ñ?b"

sysctlfº0J�UK6bK+Â�Q!Binding­Â5ØF=DÝÔ!Binding­Â5�k=

DÝÔK/b"sysctlfº0Jä3K6bÂ�Q!¬ÌP0aK/b"
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sysctl ioctl

mobileip6_sysctl mobileip6_ioctl

mobileip6_static

binding_cache

set/get

add/delete/lookup

if_list

add/delete/lookup

binding_update_list

add/delete/lookup

home_agent_list

add/delete/lookup

mobile_network_cache

add/delete/lookup

Ñ 5.6: �b¡&~PÖCÿN

� Mobile SubnetÿhP on/o�

� ���q��|&yP on/o�

� Binding CachefôÂ?b¡&�¥5>T§<cb�E

� Binding Update z�fôÂ?b¡&�¥5>T§<cb�E

� Binding UpdateP^�]üÝÔ

� Binding UpdateP^�Ü��ö

� Binding UpdatePMÉ�ö

ôÂ�Q!sysctlu�¥�fÁº=J!;c`PÂ�f�U!MÉK6b"YB!}¼OÈ>

JK+Â�!ä3Â�f/Ñ?b"

5.5 5B: =6 9fl",J}&3nFLs

5.5.1 default routerGjIQ&Bd

KAMEP IPv6z~�qKQ!default routerPôÂfQGJ0b"¡&~KWf�Æ=Dc

O!default router5n¥ ¥qK/b4M14fçc?b_1O�ú<cJ0b"0ÁP¡&~

KQ!¡&~KWf�Æ?b;L5N0PK!;PçcQQecN0"=4=!�b¡&~Q�

[���¤&qf5�=J0bj¥~&�l&z¬âPj¥~&�l&zKQ!0ÁP�&�L

R>_1O¡&~KWf�Æ?b"=D5GJ!¬ÌP_1N­�5pÜ?b"

1. ¡&~KWf�Æ?b"
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2. �Æ=D¡&~KWO÷?b­ÂfQ1"IPh�¢zPMÉNM"

3. BP�Pj¥~&�l&zO39b default routerPn¥ ¥qçcfQ1"

4. �[P���¤&qL5�=J0bj¥~&�l&zKQ!¡&~�Î5 default routerK

/b"=4=!���Î4`Pn¥ ¥qçcOQÈI=N0_1O�ú<cJ0b"

5. .ÕL=J!¡&~�Îf�8âN default routerLq�?b"�[���¤&qP(Ô5

g³<cb"

;P­�fÜ-?bD[O!�[���¤&qf5�=J0bj¥~&�l&zKQ default

routerPn¥ ¥qçcfQeN0_1O�ú=D"

5.5.2 default router&P[

j¥~&�l&zfâ�2DcO!(Ô�P default routerfMÉ=N7JQN`0"É=7

CoA5í�<cDcO!default routerf |��?b"XD!í�<cDCoAO�È?bdefault

routerf|��?b"Ñ 5.7Q!CoA z�fôÂ?b÷ÔPdefault routerMÉ?b��K/b"

5.6 IPv4@B7a*- IPv64z!(ob

IPv6 over IPv4�¥�¡�¨fÁº?bD[O!�b¡&~xz��KQ!Dynamic Tunnel

Con�gratioin Protocol(DTCP) fÁº=D"DTCPQ!�QK IP�¥�¡fä3?bD[P�

£�u¡K/b"DTCPP�úQ!KAMEP dtcp�£r��fÁº=D"

dtcp�£r��P~ªPÿhL=Jh�¢zP�Qä35/b"=4=! xz��KQ!;

PÿhfÁº=N0"IPh�¢zP�Qä3f?bD[O!DTCPfÁº=Jä3<cD�¥�

¡½K¡&~KWfÈ?";cQ!default routerPôÂf NDPP default router listfÁº?

bD[K/b"j¥~&�l&zâ�2KÁº?b?WJPj¥~&�l&zQ!¡&~KWO

_GJä3<cJ0b}¼5/b"
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� �

dr = TAILQ_FIRST(&nd_defrouter);

while (dr) { /* ?WJP default roter¡O */

struct nd_defrouter *t;

t = TAILQ_NEXT(dr, dr_entry);

{

ifp = dr->ifp;

for (ifa = ifp->if_addrlist.tqh_first; ifa; ifa = ifa->ifa_list.tqe

_next)

/* default routerO�È?b?WJPh�¢z¡O */

{

if (ifa->ifa_addr->sa_family != AF_INET6)

continue;

tmpsin6 = (struct sockaddr_in6 *)ifa->ifa_addr;

if (!IN6_IS_GLOBAL(&tmpsin6->sin6_addr))

continue;

if (IN6_ARE_ADDR_EQUAL(&tmpsin6->sin6_addr, pcoa)) {

/* í�<cD CoALR>ÀV */

MIPBUG(("try to change Default Router\n"));

defrouter_reset(); /* default routerf |��?b */

defrouter_addreq(dr); /* |��?b */

}

}

}

dr = t;

}

� �

Ñ 5.7: default routerPMÉ
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E6@ >7- %#$'+I/

 ¸KQ!�b¡&~xz��P�ÐOH0J©Wb" xz��P�ÐL=J!j¥~&��

� ITS�£ylq�O39bUÿh�6�L=JP�º�6! xz��P´G×f�?3×7

�Ð!�cP0ÆO39b3Ð7�ÐfQ1"

6.1 pdquE

�b¡&~xz��5´GK/GD;Lf�?D[O!QfçcfQGD"�b¡&~xz�

�Q!j¥~&��� ITS�£ylq�PUÿh�6�L=J�ú=D"j¥~&��� ITS�

£ylq�PUÿh�6�fº0JQfçcfQGD"

6.1.1 UNFJ

�6ò�Q!� 5¸K�=DÑ 5.1 K/b"�b¡&~Q!�b¡&~xz�� (NetBSD 1.5.2-

R)K/b"�b¡&~Q!MobileArk!PacketOne!P-in!AirH"!802.11b Pj¥~&�l&

zf{2b"Ñ&!$Ý SFCP���¤&qO0Æø� (CN)fº°=D"CNQ!�b¡&~

xz�� (FreeBSD 4.2-RELEASE)K/b"Ñ&P Home Agent(HA)Q!�b¡&~xz��

(FreeBSD 4.2-RELEASE)K/b"�[�&�Q!�bv&� (Linux)!�bSubv&� (Linux)!

PC(Windows 2000)!PC(FreeBSD)K/b";c`P�&�Q!FastEthernetfÚ=J�b¡&

~Oã�<cJ0b"

� 6.1O!�6ò�PNØfXL[D\Pf�?"

� 6.1: 3×7�ÐP�6ò�

OS 0Æj¥~&�l&z

�b¡&~ NetBSD1.5.2 , �b¡&~xz�� �Ô

0Æø� FreeBSD4.2 , �b¡&~xz�� FastEthernet

�[�&� Linux!Windows2000!FreeBSD4.4 FastEthernet

6.1.2 UNMA

X@!ping�£r��fº0J!¬ÌP¼��Tf£D=J0b4fçc?b"ping�£r�

�Q!ICMP Echo Request/Replyfº0J0Æø�LPRTTf�3?b�£r��K!0Æø

�LPL�×fçcK6b"

� ä�&�5¸°P IPh�¢zfº0JL�K6b
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� �[�&�OÉ=0ÿN5�¼

� <`cD0Æj¥~&�l&z=4{2N0�&�K\0ÆÒh

�6.Õf¬ÌO�?"

� 6.2Q!Mobile SubnetÿNPQfçcfQGD.ÕK/b"SNQ�[�&�!CNQ0Æ

ø�!MNQ�b¡&~f�=J0b"

� 6.2: Mobile SubnetÿNPQfçc.Õ

L�×

SNLCNöP0Æ .

MNLCNöP0Æ .

SNLMNöP0Æ .

SNL CNöK0ÆK6b;L!�TMNL CNöK0ÆK6b;L!�T SNLMNöK0

ÆK6b;Lfçc=D"_GJ!î©P¼��Tf£D=J0b"

�O!¦ì LANfÁº=JbÃ�K!¦ì LANPv&�zm h4`Q@cDcO!%
A

ÚOâa�eb;Lfçc?b"XD!ping�£r���T telnet�£r��f�Q=!¬ÌP

¼��Tf£D=J0b4fçc?b"

� ³Q=J\|�x�¥5´�Òh

� Á�ã�

Ñ 6.1O!¦ì LAN4`%
AÚOâ�2DcP ping�£r��P§Ñ.Õf�?"

� �

PING6(56=40+8+8 bytes) 3ffe:501:100c:d220:202:2dff:fe31:d600 --> 3ffe:501:100c:d210:202:b3ff:fe41:22a8

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=0 hlim=63 time=2.713 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=1 hlim=63 time=2.606 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=2 hlim=63 time=2.584 ms

--- skip ---

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=28 hlim=63 time=2.595 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=29 hlim=63 time=2.687 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=30 hlim=63 time=237.454 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=31 hlim=63 time=521.162 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=32 hlim=63 time=542.329 ms

--- skip ---

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=96 hlim=63 time=517.004 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=97 hlim=63 time=537.108 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=98 hlim=63 time=537.017 ms

16 bytes from 3ffe:501:100c:d210:202:b3ff:fe41:22a8, icmp_seq=99 hlim=63 time=518.982 ms

--- skip ---

� �

Ñ 6.1: ping§ÑÒ

� 6.3O!j¥~&�l&zâ�2ÿNPQfçcfQGD.Õf�?"

SNLCN50Æ&O!DoPa4`¦ì LAN!¦ìLAN4`AirH"!AirH'4`DoPaOj¥

~&�l&zfâ�2D"j¥~&�l&zfâ�2J\|�x�¥5)�<cb;LfçcK

6D"MNL CN50Æ&!DoPa4`¦ì LAN!¦ì LAN4` AirH"!AirH'4`DoPaO
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� 6.3: j¥~&�l&zâ�2Qfçc.Õ

DoPa4`¦ì LAN ¦ì LAN4`AirH" AirH'4`DoPa

SNL CN50Æ& . . .

MNL CN50Æ& . . .

j¥~&�l&zfâ�2D"j¥~&�l&zfâ�2J\|�x�¥5)�<cb;Lfç

cK6D"_GJ!î©P¼��Tf£D=J0b"

6.2 p|quE


·Pç�!Á�ã�×f�:?bD[OQ!0Æj¥~&�l&zPÃ�]W)!�Trº

«7¡Oj¥~&�l&zfâ�2b;L5´GK/b"=4=!j¥~&�l&zfâ�2b

cO0Æ5Dâcb�ö5pÜ?b;L5·ô<cb";P�öfÔ� 6.1O�?"

BindingP­Â�ö+�b¡&~L0Æø�öPRTT (6.1)

;P�öf�cPò�K�3?b;LK!j¥~&�l&zâ�2ÿNP�º×f2º?b"X

D!�cOj¥~&�l&zfâ�2DcO!
·QMP_1O�Í?b4f�3?b"

¬ÌP_1N�6ò�fN%=�ÐfQGD"

6.2.1 UNFJ

Ñ 6.2Q!3Ð7�ÐP�6ò�f�=J0b"

Ñ&P PDCQ%
AÚ!802.11bQ¦ì LAN(IEEE802.11b)f�=J0b"Mobile NodeQ

�b¡&~f�=J0J!PentiumIII 500MHz!��  192M!�b¡&~xz�� (NetBSD

1.5.2-R)L01NØK/b"CNQ0Æø�f�=J0J!FastEthernetfÁº=Jj¥~&��

�Oã�<cJ0b"PentiumIII 500MHz!��  256M!�b¡&~xz�� (FreeBSD 4.2-

RELEASE)L01NØK/b"internal nodeQ�[�&�f�=J0J!FastEthernetfÁº=

J�b¡&~Oã�<cJ0b"PentiumIII 500MHz!��  192M!FreeBSD 4.4-RELEASE

L01NØK/b"

� 6.4O!3Ð7�ÐP�6ò�fXL[D\Pf�?"

� 6.4: 3Ð7�ÐP�6ò�

OS 0Æj¥~&�l&z

�b¡&~ NetBSD1.5.2 , �b¡&~xz�� ¦ì LAN!DoPa

0Æø� FreeBSD4.2 , �b¡&~xz�� FastEthernet

�[�&� FreeBSD4.4 FastEthernet
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CN1

Mobile Node

internal
node

internal
node

PDC

802.11b

Ñ 6.2: 3Ð7�ÐP�6ò�

6.2.2 UNMA

�b¡&~LCNöP��Round Trinp Time(RTT)f ping�£r��fº0J�3=D"�

3�öQ!%
AÚ!¦ì LANPÀVBcCcK!3600�ö (1�ö)K/b"�b¡&~5%


AÚfÁº=J0bÀVQ!��RTTQ 550.35ms!�s��£zQ 0%K/GD"�b¡&~

5¦ì LANfÁº=J0bÀVQ!�� RTTQ 2.51ms!�s��£zQ 0%K/GD"

�O![��&�LCNöPRTTf ping�£r��fº0J�3=D"�3�öQ 1200�ö

(20�ö)K/b"Ñ 6.3Q![��&�LCNöPRTTP�Íf�=J0b"x�Q�ö (s)!y

�QRTT(ms)f�=J0b"�b¡&~KQ!¦ì LANL%
AÚöKj¥~&�l&zâ�

2fQGJ0b"

^µRTTQ 2.82ms!��RTTQ 188.82ms!^�RTTQ 1914.32ms!���\ 259.123msK

/GD"

j¥~&�l&zfâ�2bcO!�s��£zQpÜ=N4GD"Â¶L=JQ!RTTP�0

�öK�3=D;L5P2`cb"0Á!BindingQh� s&x�¥�&~O<�=JüÆ<c

b"BPD[!h� s&x�¥�&~PüÆf�HD[O~j��r5pÜ?b"L;Ld5!

 xz��KQ BindingfüÆ?bcO!h� s&x�¥�&~PüÆf�D@O!Binding

�
füÆ?b_1O�ú=D";P;L\�s��£z5pÜ=N4GD8»PSLHLP2
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