HiMIPvG6:

|Pv6

HiIMIPv6: Hierarchical Mobile | Pv6

sunny@im.ntu.edu.tw | r91045@im.ntu.edu.tw

r91045@im.ntu.edu.tw | r91045@im.ntu.edu.tw

HiMIPv6 Mobile IPv6
mobility

foreign network routers

( hierarchical- structured
Foreign Mobility Agents)

HiMIPv6
Mobile 1Pv6
Mobile IPv6

handoff

signaling overhead
delay

(Hierarchical), mobile, IPv6,
handoff, mobility management

IPv4
IPv6
IPv6
IPv4
IPv4
IPv6
IPv4 32
43
2005-2010 IPve 128
IPv6
IPv4

multicast  security
end-to-end IP connection  quality of service

QoS

mobile users

Mobile IP
mobile users
mobile users
mobile

users

Mobile P
users
Home Agent
users
mobile users mobile users
home network (
Home Address) home network
router mobile
users mobile users
users
connection user
mobile users
connection

RFC2002
Mobile IP
HiMIPv6
Mobile IP
Mobile 1Pv6
mobility
signaling
Mobile IPv6
Mobile IPv6
handoff

HiMIPv6

HiMIPv6

signaling overhead
delay

()

HiMIPv6 Mobile
HomeAgent(HA) Mobile Node
Correspondent Node(CN)

IPv6
(MN)

-1-



Foreign

Network l

Interior
FMA,

:- Corpespondent
Nocre P

Home
Agent

T = I E Mobile
Leaf Leaf Leat Node
FMA, FMA, FMA,
FMA: Foreign Mobility Agent|
1 HiMIPv6
Foreign Mobility Agent(FMA) ) Hy-BU
foreign domain routers root-FMA root-FMA
( FMASs Visitor List MN
) 1 entry Hy-BU
FMA root-FMA root-FMA
interio-FMA  leaf-FMA HA Hy-BU
Mobile IPv6 MN  CoA ( root-FMA
FMA ) MN
FMA FMA hierarchy leaf-FMA(
subnet)
FMA hierarchy HA root-FMA
() HA MN
[2] MN [2] HA BU
Router Advertisement(RA) binding Binding
RA prefix Acknowledgement(BA) MN HiMIPv6
Care-of Address(CoA) HA Binding FMA FMA hierarchy
Update(BU) HiMPv6 foreign ( root-FMA)
network(RA prefix  home network ) MN BA
HiMIPv6 FMA hierarchy HiMIPv6 Receiver Home
RA( leaf-FMA ) "Hy” flag Address Destination Option(
1 RA  Hy-RA ) option MN
) MN Hy-RA BU home address root-FMA
"Hy” flag 1( ) BA
BU  Hy-Binding Update, Hy-BU) Receiver Home Addressoption root- FMA
BA FMA router
Hy-BU foreign domain
HA Hy-BU FMA
Visitor List MN FMAs Hy-BU  BA
entry MN  CoA ( Receiver Home Address



Option MN home address HA switching-FMA
Visitor List Hy-BU MN MN Hy-BA
CoA BA HA BA
BA MN
FMA hierarchy
() CN
() Switching FMA [2] FMA hierarchy
CN MN
HiMIPv6  Mobile IPv6 MN
MN subnet( MN  Home Address
FMA hierarchy ) MN MN  home network HA( MN
HA Hy-BU Hy-BU ) [P-in-IP
FMAs Hy-BU (encapsulation) tunnel MN
Hy-BU switching-FM A ( CoA ( root-FMA
Hy-BU 2 ) MN tunnel CN
BU CN
Switching-FMA Hy-BU MN HA
Visitor List
MN  entry MN’'s CoA HiMIPv6 FMAs
Hy-BU tunneled inner 1Pv6 header
MN CoA ( MN Home Address)
HiMIPv6 Hy-Binding Visitor List MN CoA outer
Inform(Hy-BI) BI MN IPv6 header
FMA hierarchy MN CN (Hy-)BU
Hy-BI FMA MN "Hy"flag 1
subnet FMA Hy-BU
Switching-FMA HA
Hy-BA  MN Hy-BA CN MN  Hy-BU
Foreign InEf)'rHEt &gl&'gspondent
Network

ode

FMA: Foxreign Mobility Agent |

el Hy-BiNcling Update
=P Hy-Binding ACK
e Hy-Binding Inform

2 The Switching-FMA in HIMIPv6

-3-



CN

MN Receiver Home
Address Option FMA
( )
MN
() Visitor List
FMAs HiMIPv6
(route) / domain
MNs Visitor List
Misitor List
HiMIPv6 Visitor List
MN’'s Home Address
MN IPv6 Address
Visitor List hash key
Visitor List
MN’s Home Address
Destination address
MN IPv6
Address
MN'’s Care-of Address MN
domain CoA
Expiration Time
Visitor List lifetime
State
State
1
2 State
it = : =
Aetion T h kil | (S8

Berfiorn

[HA5ELA, whach
L

nesponds Lo BR

E
(e B )

T | eHERHAR |@HRARAL |
A AL | AR 4 )

T o R0 o, )

(A5 i) )
|etol e mHAR,
15 it Bs, L
rasponds to BR| B
LR E N L H
& w11
(PAH 2 |

( ) Hy-Router Advertisement (Hy-RA)
RA reserved
flag "Hierarchy (Hy)"
3 MN Hyflag RA
MN
HiMIPv6  FMA Hierarchy

leaf-FMA
RA
O 1 2 3
PiZ23I A4S EeTAID L2 4557901234567 E901
= =+ == t=i=1 B el s i i e o o e B ol i o L
| Type | Cad Cheikmm |
o L e e e o e e e e e e e e o

| Cur Hop Limdt |B|OjY| ‘Ressrvedi Router Lifetime |
ot bm o e e e e ot
i Feachabl= Time I
R VAP ST S ST N VAR ST S VAT S S TR NN ST S OSSN I S N R S A B
| Retrans Timst |
S e o R e N R T T =y e vy oy
| OprionE ...

=ttt

3 The Router Advertisement with “ Hy” flag

( ) Hy-Binding Update (Hy-BU)

Mobile IPv6 BU  reserved

Hy flag 4
FMA Hierarchy MN BU
flag 1 MN HiMIPv6

[y ]

1] 1 2 3
0123456 38901234587 89012345678901

| Option Type | Option Length |

A=ttt + +—+ +

|&|H|S|D] ’r Reserved 1 Sequence ¥ |

e + R H

| Lifetime |
: ;

| Sub-Options. . .

+—t—t ==t —t—t—t =ttt =t

4 The BU message with the “Hy” flag

(

) Receiver Home Address Option

HiMIPv6 HA CN

Option Type

Receiver Home Address

FMAs
Home Address

MN

205 (OxCD)
Option
option
5

0 1 2 3
012345678901 23456789%012345678901

Receiver Home Address

5 The Receiver Home Address Destination
Option Header Extension




() Hy-Binding Inform (Hy-BI) SNMP Monitoring

Tool
Hy-BlI
switching-FMA Vigitor List
MN CoA  destination Hy-Bl
Hy-BI MN
FMAs HiMIPv6 MIB
MN subnet Hy-BI .1.3.6.1.4.1.2025 Tables
6 status 200 HiMIPv6 Statistics
BA Teble (HA  FMAS)
/ HiMIPv6
ol1E=24567850 1213 EE7BPBBD1Z3FABEETESOL
: \.ul.l.x.:l. Typs I HIM”DVB
HiMIPV6 Visitor List Table
| Cption Lengrth FLAaCEn | Sequence [Mumshar |
-Ir- o e = e — —---1--—:.-:;;;:;;-4- D ek Sk 1--1--1--1--1--------;-
JF SR S N W RN A SN SN SO RO UMY WS SR RSN WA DR Y DU S SRR NN S RSN T S T S W S S MNS
| Eefrexh |
S I L A R N el b gk Teable
e R 2
6 The Hierarchical Binding Inform message
( ) HiMIPv6
( ) HiMIPv6 SNMP Network Management Linux
HiMIPv6 Redhat 7.2(kernel
Mobile users V247) 3
HiMIPv6 |oadable module
MNs Mobile | Pv6 package HUT
_ HIMIPVE MIB Management Informa- Telecommunications and Multimedia Lab
tion Base SNMP(Simple Network MIPL (mipv6-0.9-v2.4.7.tar.gz)
Management Protocol) ( IPv6 Router Advertise
HA  FMAs) ment, ICMP, Telnet, FTP
Usagi (usagi-linux24- s20020930.tar.
2 HiMIPv6 MIB bz2) 7
1..3|.E|.1 4.1 . . 3
[ 2025 HMIPYE mib
: ————————— 2025. 1 HiM]DvE_S:alistncs Table
I 112 wieeaer Name CPU___ Memory
| L1y e HA Intel Pentium IV | 256MB
| oot b 1600M Hz
: tor.7 MIPVBRASoW, MN Intel Pentium 11 | 128MB
I SENS gums-;::w:t::santj 500MHz
: L.1.31 HMIPYG U rcvd, CN Intel Pentium 111 | 262M B
I 1. _ 13 HuM[pus.:H!aI__ssn;.J 866MHz
; L ode e Root-FMA Intel Pentium IV | 262MB
: 1.1.17  HiMIPus_HiBU_blacked, 1600MHz
I 2025 2 HMIPVG Vistor Lst Table Leaf-FMA 1 | Intel Pentium 1V | 524MB
. 2 . : 2 Hu:{E:.uz:vust:gomed;;adress. 1500MHz
SEIEC =L Lea-FMA 2 | Intel Pentium 1V | 131MB
(2. 1.6  HMIPve_vList_State, ' 1500MHz




Root

=13 A0y Ed

Leaf2

Node

FMA
-,
-o
Mobile
Node
FMA: Foreign Mobility Agent Router Advertisement
@ SHMP Agent
7
() HiMIPv6 SNMP
SNMP  Manager HiMIPv6
HiMIPv6 Mobile users
network domain
MN ()
MN
HiMIPv6 MIB Applications Net
Management Information Base Meeting FTP  ICMPv6 echo reguest and
SNMP(Simple Network Management Protocol) reply HiMIPv6 handoff
HA  CN FMAs MN latency Mobilel Pv6
handoff latency 9
8
SNMP HiMIPv6 handoff delay
Manager SNMP MIPv6 handoff delay
Agents
SNMP  Manager SNMP 10000
Agents SNMP 9000 I
Agents SNMP  Manager 8000
£ 7000 ,
SNMP  Manager g 6000 O Mobile IPv6E
SNMP Manager S igg : M Hierarchical
APACHE % 3000 Mobile[FvE
F 2000 —
MN 1000
0
et Meeting FTP ICMPv6 Echo
( 7) HA Request and
FMAs SNMP  Agents load Reply
CN SNMP  Manager

8 Handoff Delay




() SNMP Monitor Tool HiMIPv6

SNMP handoff performance

Monitoring Tool 9 10
Web HiMIPv6 IPv6
Statistics table  Visitor List table
Mobile IPv6
® FExpanded Addressing Capabilities
® Header Format Simplification
. . ® Improved Support for Extensionsand
( ) HiIMIPv6V.S. HiMIPv4 Options
® Flow Labeling Capability
Hierarchical Mobile IPv4 ® Authentication and Privacy Capabilities
C-O Rt ,hkee 35 B -2
| PechelComin e i
doion
Paret e | Lear P | I LeatFunt ] oot P I Hame Agert ]
Aend Hy Binda g Ak el Hr- B Rl g Ak Swd B irech rogl kO e Pt Hip B niliey g Ly i s
e e ol P e PRkt
Falkn T ] el P 1 | LaaiFMLT ] FITIF M ] HofTe Bt
|-#-Enirg lipetate S a o ] [
b By pa kBt 1 r I Y
;»Ebmrqn'our-‘im ] 1] 1 i
b Cindineg Update Povd :u :n- :u :-
-e-Emdng Ak Roa 1 ] n i
- Bl e 0T R ] & '.;. I
i o rker A vt ] .|:| II:I :I
b Ending UpdetoParmd @ T .4 1
-l.-etﬂng.ﬂ‘:w.um IIJ .l.i‘ .J [}
b S iy 1 e Bn b .2 .1 .|I .l
9 Statistics Table
Q-0 Haol,hee S -l iy -or
i G r
Plaui ek ki Rgeel
Ly oo Backd 8 e | Dipshnation sddis | [N T ] | Liedinde  Eisk
E I_“.:: ) (0] D00 202 D el .:Ilr[l:l:ll[lil]ll.llll!.!_’ﬂ!h':lﬁlk:dnl _mmmmamznu-mzzrlw A 1

(2wl D000 DOCH 2N 022 el BB Liloo feob il Lieg o ClE L) 0] DO D0 00 202 R e B @|m o

i Pamedndess [ D Ay 1 [ T [
|10 CACR0CT I [N 200 B 0 g 2 7 1 2 - STIG] I K] 0 DN | N O e G TN RN B N 1 (2 B 0 ] W TR 13 mar 3
LIS DO B [N 1 0 B 02 1 e 2 I 18 160 0 DO O | 12 T 1 B T R0 I 0 3 02 B D0 ] e T2 13 1] -]
Lol ¥ Frmwign Motaley fgent
Hame Ay Desmanin At Car AT |Liwama| tatn
A DO B OR300 2902 D e 1 2 108 e 1 0N 0 0| 1 CRT 2 EC 1] 3 R ke T s D00 B O] T 4 2 £ 090 1 2k 220100 =0 1

{3 i CACAC] I WD ') 290 B 513 e 25 1080 D] 8 [DNCN) B CROW) | 3060 3 2 W 0 3 - 3 C0N0 I W0 ] -3 R0 1 S T2 130 T 1

10 Visitor List Table

-7-



( ) HiMIPV6V.S. MIPv6

MIPvE[2] MN
HA/CN
handoff delay ~ signaling overhead
HiMIPv6 MN
BU
FMA visitor list
HA
BA MN MN
foreign network
HA/CN
signaling overhead
handoff latency
( ) HiMIPv6V.S. HMIPv6

HMIPvE[3]

Mobile IPv6
MN CoAs
(Regional On-Link)
BU Mobile IPv6
BU loca BU

Mobility Anchor Point(

domain

(On-Link) CoAs
local BU

MAP) MN
MAP
MN

HMIPv6
MN BU

HiMIPv6 HiMIPv6
MN BU Hy flag
HiMIPv6 MN
BU HA/CN
FMAs

HMIPv6
Access routers) MN
MAP

(MAPand

HiMIPv6
MN
root-FMA ( MAP)
switching-FMA MN
root-FMA

Hierarchical Mobile
IPv6 Foreign

Mobility Agent Home Agent Correspondent

Node Mobile Node
Mobile IPv6
o I nternet signaling over head
Mobile Node HiMIPv6
FMA hierarchy FMAs
MN FMA
hierarchy Home
Agent  Corresponding Node
° Mobile Node handoff
latency
FMA
hierarchy handoff
[ HA CN
HA CN
transparent
o Mobile IPv6
MN,HA, CN
HiMIPv6
FMAs
Linux |loadable
module Mobile |Pv6
HiMIPv6

[1] Charles Perkins, “IP Mobility Support”,
RFC2002, October 1996.

[2] D. B. Johnson and C. Perkins, “Mobility

Support in IPv6’, Internet Draft,
draft-ietf-mobileip-ipv6-13.txt, November
2000.

[3] H. Soliman, C. Castelluccia, K. ElI-Malki,
L. Bellier, “Hierarchical MIPv6 mobility
management”, IETF Mobile IP Working
Group, September 2000

[4] MIPL package v2.4.7, HUT
Telecommunications and Multimedia Lab,
http://www.mipl.mediapoli.com



