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Abstract of Bachelor’s Thesis Academic Year 2002

Route Optimization between Mobile IPv6 Node and Non Mobile IPv6 Node

Summary

This study aims at solving inefficient routing caused in communications between
Mobile IPv6 capable nodes and Mobile IPv6 non-capable nodes.

Mobile IPv6 is currently specified by the IETF, with the purpose to support mobility
in IPv6 Internet. Mobile IPv6 allows mobile nodes to move from one link to another
without changing the mobile node’s identifier, home address, providing transparency
of its movement to higher layer protocols and applications. Mobile IPv6 is expected to
be used widely in the IPv6 Internet, and is not limited to cellular phones, PDA’s, and
vehicles.

However, the problem with Mobile IPv6 is that route optimization requires the cor-
respondent node to be Mobile IPv6 capable. Otherwise, packets sent between the com-
municating nodes will follow an inefficient route, causing delay in packets. Considering
that fact that not all nodes will be Mobile IPv6 capable, most of the traffic will end
up in an inefficient route, which will pose crucial problems for real-time applications.

To solve this problem, we propose a model to support the Binding mechanism defined
in Mobile IPv6 for nodes that are not Mobile IPv6 capable. Based on the proposed
model, we design and implement a Binding Proxy Agent which allows route optimiza-
tion between Mobile IPv6 capable nodes and Mobile IPv6 non-capable nodes.

From this research, we were able to realize route optimization between Mobile IPv6
capable nodes and Mobile IPv6 non-capable nodes without any extensions to the ex-
isting nodes and to Mobile IPv6 specifications. From our evaluation, the effectiveness
of the system is proved over inefficient routing.

Keywords :
1, Internet 2, IPv6 3, Mobile Computing 4, Route Optimization 5, Mobile IPv6

Faculty of Environmental Information, Keio University
Masafumi Watari
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O0000BindingOOOOOCNO IPOOOOOMN O Home Address 00O 0O CoA
000000 O Mobile IPv6 Capable Cache O 00 Mobile IPv6 O Binding OO 0O OO
CNOODODODO CNODOODOODODDOODOOO0ODODOODODOODOBPA O0OBinding
00000 CNODODODODODOODOOooOoobooooDoDboo

BPAOODOODOOOBinding 000 00O O Binding Management Function IPv6 [
O0000000000DOODOO IPv6 Option Header Functiond Return Routability O
00000 Mobile IPv6 O Return Routablity(RR) Function 00000000000
O00O0000Db0000bO00bO00ObO00ObO0oDO0oOoDbOBPAODODOODODO
0 O BPA Control Function 00 0000000000000 O0OOODOOOOO

e Binding Management Function
Mobile IPv6 O Binding 000 O0OOODOOOODOODOODOO Binding Cache O
O00000D000D00O0O0OBPADOOMNDOOODO CNOODOODOO
O00O0000O0O0BindingODOOO CNOIPOOOOOOOOOO
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e [Pv6 Option Header Function

Mobile IPv6 OO0 OO0 OO0O0OO IPv6e OO0 OD0OO0OO0ODOOOOOOOOOO
O 0O O O Mobility HeaderD IPv6 Routing Header Type 20 O IPv6 Destination
Option Header 0 Home Address Destination Option O O O O Mobile 1Pv6 O
OOMNO CNODOO BindingDOOODODOODOODOOOIPv6 Routing Header
Type 2 00 0O Home Address Destination Option OO0 000000 OOBPA O
00000000 Binding Cache 000000000000 DO0OOODOODOO
O00000000000D000 Mobile IPv6 Capable Cache 000 00O

e Mobile IPv6 Return Routability Function
Mobile IPv6 [0 Return Routability 00O O OO0 OO OMN O Binding 0 0O 0O
O0000000D0O00D0BPA O00OReturn Routability D000 IPv6 0000
OO00O000D000 Mobility Header 00O OOOOHOTI DOOODODOCoTI
O0O0000000 HoTODOOODDOODODO CoToonouoonooonoon

e BPA Control Function
BPA OO OO0ODOOOBPA Control Function 0 0O O 0O 0O BPA 0O Binding O O
000000000000 0DO0b0o0OO

5.3 Binding Proxy Agent OO0 QO 0O0OO

O0O000BPAOODOOODOOOODODOOOOOMNDOO BindingOOOOoGoQd
OO0O0000O0BindingdOOOODOOODOOOOODOOODOO

5.3.1 Binding UOQO0OOOOODOO

O5200MNDO Binding 0O0O0O0O0O0OD0OOO0OOOOOODOOODOOODOOOOO
OO0bO0O0 CNODOOoOooBPAODODOODOODOODODODOOODOODODOOD
O0OOOMNDO HADOOOODOOO IPin IP tunneling OO O0OD0OOOOOOO

gbooboooobbooooon

1. MNO HADOOOOOOooOoooDoo

22 MNDO CNOOOOODOODOOODODOOReturn Routability 000000
OOHoTIODOO CoTIODODOOO

3. BPAOOHOTIOODO CoTIODOOOOODOOODOODODO MNODOODO CN
O000000000 BPAOOHOTIOODO CoTIODOOOOCNODOODO
0 HoT O CoTOOUOOOOHOTOOO CoTOOODODDODOOO CNO IPDO
oooobon

4. MN O CNOODOO Binding Update DO OO0 O
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WN HA BPA CN

«---tunnel___,
Receive |e—
HoTl pb—ou

S

HoT |e—— | 3

CoT 4 
Bi ndi ng Update +
Bi ndi ng Cache

5 1
Bi ndi ng Ack 4 ’ !

Bi ndi ng Update Li st 6

(==Y

PR

lH\

I nt er cept

O 5.2: Binding OO OOGOOOGOOO

5. BPA 0 0O Binding Update 00000 O

6. BPA O 0O Binding Cache 0 0 0 O 0 Binding Ack 0 0 0 O 0O O Binding Ack O O
OO0O00O000 CNO IPOOODOODOO

7. MN 0O 0O Binding Update List 0 CNO [POOOOOOOOOO

5.3.2 Binding DD O0OO0OODOOO

O5300MNO BindingOOODOOOOOODOOOODOUOOBinding OOOOOO
OOOBPAO MobilelPv6 DODOO000D0OD0DODOOOODOOOODOODOOOODOO
OO00DBPAODOODODOODOODODOODODOODOODOMNOO AOOCN
OO0 BODOOO

OOOCNODO MNOOODODODODO BPAOOOOOOOOOOOOBPA
O00000000D000DOO0O0D00D0O Binding Cache 0O0O0O0O0OO0DOODOO MN
O00b0ob0b0obOoboooboeoeNDbDOobooooo Ipve D0 ODOOoOOODOOO
OO0 MN O Home Address0 00000000 CNO IPOODOOOOOBPAODO
Binding Cache 0000000000 MN O CoA O0O0O0OO24 byte O IPv6 Routing
Header Type 2 O IPv6 Header O OO OO OO O IPv6 Routing Header O O MN O
Home Address 0000000 O0OOIPv6 Header 0 Next Header O IPv6 Routing
Header 0 0 00 O O Next Header O IPv6 Routing Header 0 Next Header 0 O U [

MN 0O 0O O IPv6 Routing Header 0 Home Address 00 000000000000
O000000000 Binding Update List 000000000000 O0OOOO0O
Mobile IPv6 OO D OODOOODOOOO
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| Pv6 Header
- src = CN
- dst =

| Pv6 Header
I Pv6 Routing Header Type 2 - src = CN
- Hone Address - dst = Hone Address

|
|
CoA |
|
|

| | | DATA |« - —----- | | DATA |

|________________\(__________________J
IL | nt er net i
P Rt - | _ B
MN = . __fB_Er_A___@_, —-@-{ o\
n . . S - >
[Bi ndi ng Update List ] L ' B ndi ng Cache l
| B:MN to ON |
i | | | DATA | - | |  DATA | |
| T— | Pv6 Destination Option T— | Pv6 Header !
! - Hone Address Option - src = Hone Address |
| - dst = CN |
| Pv6 Header |
i - src = CoA i
. - dst = CN

@ | Pv6 Packet to MN
| Pv6 Packet to CN

O 5.3: Binding DO OO OODOOO

OOOOMNOO CNOOOODDDOOOD BPAODODDOODOOODDOOOBPA
O O IPv6 Destination Option Header 0 Home Address Destination Option O IPv6
Header 000000000 DOODOODODOODOODO Home Address 0 Binding
Cache 00 0O0D0OD0OODODOODOOOOMNODOOOOD IPv6e ODOODODOO
O00000 CNDO IPOODODODOOODOOODO CoADODOO Home Address
000000 24 byte 0 IPv6 Home Address Destination Option O 0 0 0O O O BPA
O00OD0 IPODODOOD Binding Cache 0000000000 OODOOOOO IPv6
Home Address Destination Option OO0 000 0O00O0OOOOO0OOODOOODO MNDO
Home Address O 0 00O 0O 0O OIPv6 Header 0 Next Header O O IPv6 Home Address
Destination Option 0 Next Header DO OOCN OOOOOOOOOOO MN O Home
Address 000D O0DOO0O0ODOODOODOODOO IPv60DO0DO0O0ODOO0OODOODO
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[1 60 Binding Proxy Agent [ [

0000 0O Binding Proxy Agent 000000000000

6.1 U0OOO

BPA O O FreeBSD 4.6-RELEASE[25] OO0 KAME OO OOOO [24]0 TPv6 00O O
000000000000 000000 KAMEOOOOOOO IPv6O0D0O0O0O00OODO
14090 230000000000000000000000O0ODO0ODOkame-20020923-
freebsd46-snap O 0 0O O

6.2 OO0

BPAOOOIPv6OOOODOOOODODOOODOOOODOOOODOOODOOODODOO
OO00OBPACOCOOOOOOOOO0OOOOOOO0OOOOODODOOODODODOIPV6OOO
OoooboooOoooboooobooboobobobbooooboboboOogn ip6_forward
gbobooogn

OOob0ooooboooBPADOODOOOODODOODODOODOOODOODODOO
OO0OOBPAODODOBPAIFOOOOODOOOOOOOO CNODO MNOOOOODODO
OO00O0o0o0O0 MNOO CNOOOOOOoooboooooBPAODODODODODOO
063000000

6.2.1 CNUOO MNOODOOOODO

Oel00MNOUODODOODODODOODODODOODOODOOOObOObOODOODOOobOOoOooDo
gobbbbbbououogooobboobobbbbbuooooooobobobobn
gbogbbodougoobouogbbogbuoooobboobooboooooo
OoOCNODODOOOOOoODOOoOoDOOoO BPAIFOOOO

gboobogogooboobod

e check _capability 00 0
CNO MobileIPv6 0O0DOD0OO0ODODOOOOOOBPAIF O0O0OOO Mobile IPv6
0000000000000 0000D00D0000D0000D00 CN O Mobile
IPv6 Capable Cache OO OO 00O
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Lip6_forward I """""""""""""""""""""""""""""" E

S Mobil e | Pv6
heck bilit . »
check_capabi .I y o @ Capabl e Cache

Y

( add_rt hdt ype2 ) —>» return true
--=-% return false

____________________ Data Link Layer
BPA | F
T T T T T T T T T 7T 7 Physical Layer

061:00:CNOOMNOODODOOOOOOO

e check_binding [0 [
O0000 BPAOOODODOODOODOODODODOODDOOBinding Cache O
0000000000000 0DO0bO0bOOo0o0O0D0oDODOoDOOoDbDOobOO0OD

e add rthdrtype2 O 0O O
00000 IPv6 Routing Header Type 2 01 IPv6 Header DO O DO OO OO

BPAOOOBindingOOOOOOOO CNODODOODD BindingOOOOOODOO
O0Binding OOOOO CNOOOOOO IPv6 0O00D0O0D0OOO0ODOOO0ODOOOO
000000 Ocheck capability 000000 CN O Binding 000OD0O0OODO
OOCN O Binding 00 00O OO OO Mobile IPv6 Capable Cache D OO0 OO0 OO
OO00DO0DOOoODbOoboOoo

CN O Binding ODOOOOODOOOODOBPADODOO Binding 0OOODOOO
O00000000D00DO000DODOO0O00D0O0 check binding 000 OO0 Binding
Cache 0O O0O0OD0ODOOOO Binding Cache 000 00O OO O add_rthdrtype2 O
OO0O00O00 IPv6 Routing Header Type 2 DO 0O0OOUODOOOO MNOOOOODO
Binding Cache 000D 0O0O0O0OOOOOOOOOOOOODOOOO

6.2.2 MNOO CNOOODODOOODO

ODe200CNOO00ODO0ODOOO0OO0ODOODOODLOOODDOOODbOOODODDOO
OO00000o0oooooooooeNDUObOOobOoboooonboobooDg BPATF O
goo

OO0O0D000000D000D000OCcheck binding 00000 6210000000
gbobobodo
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: — Mobil e | Pv6 :
' check_capability - memmemaaea > Capabl e Cache

| ookup
v
check_bi ndi ng € > Bi ndi g
T | ookup Cache
Y A
process_options ' add/renove/

\ update

\ A

(rem)ve_destopt ) E ( process_rr) (process_bi ndi ng)

—>» return true
--p return fal se

062 00: MNOO CNOODODOOOODOO

e check_capability O O
O0000000 BindingOODOD CNOODODOOOODOOOCND IPO
000000 Mobile IPv6 Capable Cache 00O 0O OO

e process_options U U
Mobile IPv6 DO ODODOUOOO IPv6 OO OOOODOODOOOOODODOODOODOO
Mobility Header 0 0 O IPv6 Home Address Destination Option Header O O O O

e remove_destopt O O O
000000 IPv6 Home Address Destination Option Header 0 OO0 OO0 OO
000000000000 000000000000O0000000o0o0oOoon

e process_r [ ][]
Mobile IPv6 00 Return Routability 000000000000 OO0OOO CN O
O0O000O00O00oooobooobooo CNO IpOOOODOODO

e process_binding 0 0O [
Mobile IPv6 0 Binding 00000000000 ODOODO BindingODOODOODO
0000 000D

MNOO CNOODOODOODOOCNDOO MNOODODODOOOOoDOoooooo
check capability OO0 OO OO0OO0OOO0OOOOOO CNO Binding OODOODODOO
OO00DDODODOMobile IPv6 Capable Cache 000D OO0O0O0OO0OOO0OOODO
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Mobile [Pv6 Capable Cache OO DO ODOODOOCN O Binding OOOOOOOOODO
O0O00DoOooooooono

Mobile IPv6 Capable Cache 000000000 OBPA OD0OO0O Binding 000
0000000000000 0O00000DOO000000 check binding 0000
00 Binding Cache OO0 O0OOODO0OOODO Binding Cache D00 OOOODOOre-
move_ destopt 0000000000 ODOO IPv6 Home Address Destination Option
Header 0O 0ODOODOOCNOOODOOO

Binding Cache 00 00O OO OO Oprocessoptions 000000 IPv6 OO0 OO0
O000000000IPv6 DOOODO Next Header O Mobility Header DO O OO OO
process.rr 0 000000 Mobile IPv6 O Return Routability 00 00O OOBPA OO
HoTIOOODOO HoTOODO CoTIODODOODO CoTOODOOO CNOODODOODODO
OO0O00OIPv6 00000 Next Header O IPv6 Destination Option Header 1 Home
Address Option O 0 0 0 0O O O process_binding 0 000000 Binding 00000
O 0OBPA 0O 0OBinding Update 000000000 OCNOODOOOO Binding Ack O
OO0O00O0IPv6e D0O00O0O Next Header DO OD0OO0OO0OOOO0OOOODOOOOO

6.2.3 Path MTU 00O

BPA O00O0O0O IPv6 Routing Header Type 2 000000 ODOOOOOONO O Path
MTU20) 0 0000000000000 0BPA O0OOO IPv6 Routing Header Type
200000000000 O0DDOObOO MTUODOODODODOODOOOOOooOOoDOOoo
00D O 0O0OIPv6 Routing Header Type 2 0024 byte DO OO OBPAODODOO MTU
O 0O Ethernet 0 MTU OO0 1500 byte 00 24 byte D0 ODDOOOO 63000
ooDooo

~

if (m->m_pkthdr.len > BPA_MMTU) {
u_long mtu = BPA_MMTU;

if (mcopy) {
icmp6_error(mcopy, ICMP6_PACKET_TO0_BIG, O, mtu);
}
m_freem(m) ;
return;
} else {
error = bpa_add_rthdr(&m, mbc);
if (error < 0) {
m_freem(m) ;
return;

0 6.3: Path MTU O OO

000 0addxthdrtype2 00 0000000000000 O00OO BPAMMTU(1476
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byte) 00000 000OOObpa.add rthdr OO O IPv6 Routing Header 0000 0O O
OMTUOOOOOOOOOODOOOOOO0O0O0DOO ICMPv6 Packet Too Big[21] O
gboboboogobood

6.2.4 Binding Cache 00 [

Mobile IPv6 O 0 O 0 Binding O 0 MN O Home Address 0 CoA DOOOOO0O
O00000 221 000000MNOQOOOOOO Home Address 0OOD0OOODO
OOMNO CoA OOHome Address 0000 O0O0DO0O

BPAOOOCNOOOODD BindingODOODOOUOODOBinding OOOOOMN O
Home Adderss 0 CoAOOODOCNDO IPOO0OODOOODOODOCNOIPODODOO
O00000000CNOODOO MNDO BindingOOOOOOOOODOOBPAD
OO0 BindngOOOOOCNDO IPOOODOOODOODOOO 6.4 00Binding 0000
OoOoooOooooo

struct mip6_bc *
mip6_bc_list_find_withphaddrdst(mbc_list, haddr, dstaddr)
struct mip6_bc_list *mbc_list;
struct sockaddr_in6 *haddr;
struct sockaddr_in6 *dstaddr;

struct mip6_bc *mbc;
int id = MIP6_BC_HASH_ID(&haddr->sin6_addr) ;

for (mbc = mip6_bc_hash[id]; mbc; mbc = LIST_NEXT(mbc, mbc_entry)) {
/* Binding Cache O OO =/
if (MIP6_BC_HASH_ID(&mbc->mbc_phaddr.sin6_addr) != id)
return NULL;
if (SA6_ARE_ADDR_EQUAL (&mbc->mbc_phaddr, haddr)) {
/* Home Address OO O OOO0O =%/
if (SA6_ARE_ADDR_EQUAL (&mbc->mbc_addr, dstaddr))
/* CN O IP Address OO O OOOO */
break;
}
}

return (mbc);

0 6.4: Binding Cache O 0O 0O

Binding 0 00O0O0OOO0OOKAMEOOOOOODO Binding OODODOOOOODO 6.4
OO0 MIP6LBCHASHID OD0ODDOOOOO0OODOOOOOODOOODODODOOODOODOOO
0000000000000 Home Address 0000 OO Omip_bchash OO0 O0O0OO
OO00D0000000000000000D0O0 Binding Cache OO0 ODOOOOOOODO

mbc O 0 Binding Cache 0000000000 O0ODOOSA6,ARE_.ADDR_EQUAL
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O00000O Home Address 000 CoAOODODOOODOOOOOOODOOODO

6.2.5 IPsec O00O0O

BPA OO Oadd.rthdrtype2 OO DO OOOOOIPv6 Header DO DO DOO0OOODODO
OODOremovedestopt DO 0O DOOOOOOOOOOOOODOOODOOOOOODOOO
IPsec 0000O0O0ODOODOBPAODODOODODODOOODOODDOODODODOOODOODOO
BPAOOOIPsec DOOOUOOOOBInding 000000 O0ODOODOOODDOODOO
goobooo

6.3 Binding Proxy Agent [ [

BPAOOOOOOBPAOOOOOOOOOOOOOOBPAOOODOOOODOOO
DoobooobobdiectlO0O0OD0DO0ODOODODDODODOODOODOO

1. Binding Proxy Agent 0 00 OO
2. BPAIFOOO

O000000D0O0OOBPADOOODOODOOOOOOOO BPAIFOOOODODOO
Binding 0O O0OOO0O0DOOOCNOODOOODOOODOODODOOOOOODOOOOO
OO0O0O0OBPFIFOOOODODODOOOOODODOODOOODLDOODbODLODOO
obobooboobod
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070 OO0

gboobuoooobbbooogbboboooobbboooboboboo

7.1 OOoon

OO00O0000bO000O0bO0o0ooOOobOOobOOoBPAODODOODOODODOODODOO
OO00O0 MobileIPv6 DOD CNUOODODOODODODODODOOODOODOOOCNDODO

O Binding OO OO0DODOOOOOO0OOO0ODOOODOO

7.1.1 0004

gbooguogoboobouogbobriobuogbbuoobboboooboon

OOoo0ooobooo Ipve 0DO0O0O0OOD0OODOODODOO

Home Li nk

3ffe: 501: 100c: 4: 248: 54f f: f e02: b3a6

HA

3ffe:501: 100c: 2: 2e0: 18ff: f ea8: 4ell

3ffe: 501: 100c: 4: :/ 64

Home Agent

10BASE- T Forei gn Link 2

3ffe: 501: 100c: 2:: 1

3ffe: 501:100c: 1:: 1

3ffe:501: 100c: 2::/ 64

WN Mobi | e Node

10BASE- TForeign Link 1

3ffe: 501: 100c: 1: 202: b3ff: fe87: ch44

BPA

3ffe:501:100c: 3:: 1

3ffe: 501: 100c: 1::/64

Bi ndi ng Proxy Agent

100BASE- T BPA Li nk

3f fe: 501: 100c: 3: 202: b3ff: fe87:ch39

3ffe: 501: 100c: 3::/64

CN

Cor respondent Node

O 710000000000

Router O O Foreign Link 1 O 0 O Foreign Link 2 0 0 0O default router 0 0 OO0
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O00o00ooboo0ooboboobobooooobOoobUUdRouter d000O Home Link O
OO0 BPALnk OOODOO0O00OOO staticOOOOOOMNDOODO HA OOKAME
0000000000 000O000D0BPA Link O 100BASE-TOBPA Link ODO0ODO
OO0 10BASE-TOOOO0OODOBPA Link OO 100BASE-TOODOODOODOODO
Ooboobobooooogooobobo pCcOOOOO7I0D0D00ODO

0710000000 PCOOO
CPU oo OS

MN PentiumIl 300MHz | 96M FreeBSD 4.6-RELEASE
HA PentiumII 400MHz | 144M | NetBSD 1.5.2-RELEASE
Router | PentiumIII 700MHz | 256M | FreeBSD 4.6-RELEASE
BPA Pentium4 1.6GHz 256M | FreeBSD 4.6-RELEASE
CN Pentium4 1.6GHz 256M | FreeBSD 4.6-RELEASE

OoOoooOoobog RTITUOO 720000RTTO0pinge DODOODOOO 56
byte ODO0OO0O 1000000000000O03000000000000O00O0OO

0 72.0000000000000 RTT(msec)

0o Hu MN CN | Router | HA | BPA
MN - 0.744 | 0.500 | 0.769 | 0.539
CN 0.695 - 0.417 ] 0.697 | 0.241
Router 0.462 | 0.441 - 0.380 | 0.352
HA 0.770 | 0.734 | 0.388 - 0.637

BPA 0.514 | 0.214 | 0.340 | 0.616 -

7.1.2 0O0O0OU

Dooooooooooooboon 243 000000000000O000O0O0OODOO
gooobobobooooboboooobbboooooon

I.MNO CNOOOOoooo

2. CNODODbObOOooooogo

3. Mobile IPv6 DO DO ODOOOOOOO
4. 0O00o0OOobDOoOobDOod

00000000(1)0000000000(2)3)4) 00000000 00000
00000000000000000000000000
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gbobobodgo

O710000000000000CNOO MN O Home Address 00O O ping6
OO0D0000000 56 byte 0 ICMPv6 Echo Request 00O D OOODOOOODOO
BPAOOOD MNOODO HoTIDODODO CoTIODODOO HoTODOO CoTOODOODODO
Binding Update 0 0 0 0 Binding Ack 000000 00O Binding Cache 000000
OO0D00000D0000O0 MN DO Binding Update List 0 CNOOOQOODOOOOODO
O0000000D00O0DDbOOoMNODOUOODOOooOg ICMPv6 Echo Reply 0 OO
O00000D000D0O0D0OBPADDOODO CNO Proxy OODOOODOOODO Retrun
Routability 000000000000 D00ODOODOODOO 72000000 BPADOO
OO0oDO0Doo0oooooooon

e N

Jan 17 04:04:01 eternity /kernel: BPA interface set

Jan 17 04:04:01 eternity /kernel: Enable BPA

Jan 17 04:04:16 eternity /kernel: [BPA] CoTI Detected. Sending CoT for

Jan 17 04:04:16 eternity /kernel: 3ffe:0501:100c:0003:0202:b3ff:fe87:cb39

Jan 17 04:04:16 eternity /kernel: [BPA] HoTI Detected. Sending HoT for

Jan 17 04:04:16 eternity /kernel: 3ffe:0501:100c:0003:0202:b3ff:fe87:cb39

Jan 17 04:04:16 eternity /kernel: [BPA] RR Authentication Success

Jan 17 04:04:16 eternity /kernel: BPA Support Enabled for 3ffe:0501:100c:0003:0202:b3ff:fe87:cb39

72000000

O00Oping6 OO0OOO0ODOODOOOOOMN O Foreign Link 1 OO Foreign Link 2
O000000000O0BPAOOODO MNODOO Binding Update 0 0O O O Binding
Cache 00DOD0DODOO0ODODODOOOMNODOOODODODO ICMPv6 Echo
Reply 000000 (0 73)0000000000BPACOODODO BindingO0OOOO
OO0000O00O0000000O0bO0bobOoooDOooDOoDOoDOobDO

~

% ping6 cn
PING6(56=40+8+8 bytes) 3ffe:501:100c:4:210:4bff:feef:5b47 --> 3ffe:501:100c:3:202:b3ff:fe87:cb39
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=0 hlim=61 time=1.229 ms
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=1 hlim=61 time=1.266 ms
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=2 hlim=61 time=1.172 ms
-- snip --
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=18 hlim=61 time=1.069 ms
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=19 hlim=61 time=1.025 ms
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=20 hlim=61 time=1.163 ms
I MN OO0
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=28 hlim=61 time=1.078 ms
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=29 hlim=61 time=1.077 ms
16 bytes from 3ffe:501:100c:3:202:b3ff:fe87:cb39, icmp_seq=30 hlim=61 time=1.05 ms
-- snip --
16 bytes from 3ffe:501:100c:
16 bytes from 3ffe:501:100c:
16 bytes from 3ffe:501:100c:
16 bytes from 3ffe:501:100c:

:202:b3ff:fe87:cb39, icmp_seq=96 hlim=61 time=1.038 ms
:202:b3ff:fe87:cb39, icmp_seq=97 hlim=61 time=1.07 ms
:202:b3ff:fe87:cb39, icmp_seq=98 hlim=61 time=1.218 ms
:202:b3ff:fe87:cb39, icmp_seq=99 hlim=61 time=1.061 ms

O 73:MNOOODOODO pinge DO00OO0O
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gboooogn

CNO MNOOOOOOOOOOOOOOOOOOooOOOoobobooboor1ooo
OOBPAOOOOOOOODODOODOOBPADOOODOOOODOOODOOODDOODO
oboobon

e RITHOOODODODOOOMNODO CNODODO ping6 0 OO

e JO0OOIOOOOOMNOO CNOOOO traceroute6 0 OO

BPAODOOOODODOOODOOOBPAODOO IPv6OOODOOOODOOODOOO
HAOOODOODOODOODODODOOOODOpinge OOOOOODOO tracerouteb
gbooodbboogbuogbobbuoobboobor3gbr400booooanon
OO0OBPAOOOODDOOODOOOOODOOOODOOOODOODO ping6 O 56
byte DOODODO 10000 100000000000000

0 73 MNO CNOO RTT
Min Avg Max

BPAOOOOOOOOOOO | 0.880 msec | 0.997 msec | 1.258 msec
BPAOOOOOOOOOOO | 1.512 msec | 1.620 msec | 1.805 msec

% traceroute6 cn
traceroute6 to cn (3ffe:501:100c:3:202:b3ff:fe87:cb39) from
3ffe:501:100c:4:250:4ff:feb7:a01la, 30 hops max, 12 byte packets
1 3ffe:501:100c:1::1 (Router) 0.76 ms 0.626 ms 0.61 ms
2 3ffe:501:100c:1:202:b3ff:fe87:cb44 (BPA) 0.808 ms 0.731 ms 0.729 ms
3 3ffe:501:100c:3:202:b3ff:fe87:cb39 (CN) 1.117 ms 1.069 ms 1.056 ms

% traceroute6 cn
traceroute6 to cn (3ffe:501:100c:3:202:b3ff:fe87:cb39) from
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3 3ffe:501:100c:1:202:b3ff:fe87:cb44 (BPA) 2.114 ms 1.172 ms 1.15 ms
4 3ffe:501:100c:3:202:b3ff:fe87:cb39 (CN) 2.17 ms 1.083 ms 1.06 ms
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OOOOMNO CNODOOOOOoOooDooboboooooooobooo

36



OO0D0O0O000OO0MobileIPv6 OO0 CNUOOOODOOOODODOODOODOOOCN
U000 Binding OOOOOODOOODOOOODOOODOOO0ODODODOODOODOOD
Ov4000000000000000ODO0DOO0ODOODOO

0740000000
gogon gobooo
MNDO CNOOOOOODOO N
CNOODOOOoOoOoooobooDoo
goobooooon
Mobile IPv6 DD OO DOOOOOODO

Oojg|O

72 OJOoon

OO00D00000Binding OODODODOOOOODOOODOOOOOOODOOIPve OO
OoOO000DbO00boOooOoOoDoo0o0obDoOooobboooooBPADDDOOOOD
OO0 ip6forward O OO0 DO OODOO0ODOODOOO0ODOODOOOODOOODOOOODOODO
OoO0o0oooO0oOooooOoOoooooOoOoBPAODOODOOODOOODOOOOOD
gbooboboogobbbuoooobobbouooobobooooobooon

D000 S000000000BPAOOODOOOOODOUOMobileIPv6d CN O
OO0D0O00D0DO0O0OOMobile IPv6 O Binding OOOOOOODOODO BPAODODOODO
OoO0oO0oO0oDooOOoo0ooboooOo eNOODOOOoOoooDooooDoooBPADD
gbooooodgn

7.2.1 0O0OOU

O0000000000000DO0000000DODOOO000000OBPA O Binding
O000O0O0O0O0 MobileIPv6 D CNODODODODOOOOOOOOOOOOBInding 00O
rHSO0000000D00O00O0DO00ODODO0O0ODOOODLO0O0O0OOOODOODBinding
OBPADOODOOODOOODOOOODOOBIndingD CNOOOODOODOOOOODO
Oo0O000DOOo0o0o0ooooooooooMNOOO CNOOKAMEOODODD
O0O0D0D0O0OD0D0O0O0O00O00O0Fast Ethernet DO OO0OOO0O0O

37



Bi ndi ng Cache at BPA Bi ndi ng Cache at CN

VN MN

\

BPA Enabl e ’ BPA BPA Di sabl e ’
BC
/ BC: Bi ndi ng Cache /

! Optimed Route

BPA

Optimed Route

BC: Bi ndi ng Cache

CN CN

O 750000000000

o000 pCOOOOO75000000

O 75 0000000 PCODOO
CPU goo OS

MN | PentiumlII 300MHz | 96M | FreeBSD 4.6-RELEASE
BPA | Pentium4 1.6GHz 256M | FreeBSD 4.6-RELEASE
CN Pentium4 1.6GHz 256M | FreeBSD 4.6-RELEASE
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0 7.6: Pentium Counter D0 O OO0 OOOO
56 byte 1256 byte

[Pv6 Routing Header Type 2 O 0O 0 0.109 msec | 0.290 msec
[Pv6 Destination Option Header 0 O O 0O O | 0.131 msec | 0.128 msec

O76000000000Pentium Counter U0 ODOO0O0OODOODOO0ODOODON6
byte 0 0O OO 0.240 msec] 1256 byte DO OO 0418 msec DO OO DOODOOODOODO
O000000D00O00D00O00D00O00OBPA OO0O24 Byte O IPv6 Routing Header
Type2 000000000000 O0O0O 207byte DOODOOOOOODOOOO
OO000 mbufcluster DD 00000000 0ODODO0O0O0O0OODOOODOODOOOmbuf
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O77. 000000000
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Cache 000000 1000000D00D0ODOOOODOODODODOODOODOO
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A.1 Mobile IPv6 Return Routability
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