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ARV
no

yes

HL
no

yes

MAP
no

yes

ICM
no

yes

MC
no

yes

MCR
no

yes

ANCHORED

HOME HOME

HOME

ICR
no

yes

CMAP := NULL

Context: MH
CAR := x,

BU_HA(H),
BU_CN(H)

CMAP := NULL

Context: AH
CAR := x,

BUpMAP(H)

BU_HA(H),
BU_CN(H),

ANCHOREDBUxMAP(A) ANCHORED

assign x to identify the "best"

of the known ARs in MDS

restart TIM

MAP−

ACK(data)

MAP−

NACK(data)

MAP−BU−

timeout(data)

TIM

*

−

CMAP:=x!MAP

Context: L2
CAR := x,

CMAP:=x!MAP

Context: R
CAR := x,

update MDS with data

ICR
no

yes

ICM*
no

yes

Context: H
−−−

Context: A
−−−

ARV & !HL & MAP & ICM & !MC

ARV & !HL & MAP & !ICM

ARV & !HL & !MAP

data: data of incoming message,
x: value to identify specific AR,
car: value to identify current AR,
cmap: value to identify current MAP,
MDS: Data Structure to maintain AR and MAP related information,

MAP−BU−tim: timer to indicate loss of a send MAP BU

RA(data)

TIM: timer used to periodically force a connectivity check,

MESSAGES:

RA(data): IPv6 RtAdv
MAP−BA(data): Binding Ack. from MAP
MAP−NBA(data): Negative BA from MAP
MAO(data): MAP Option

�c�8,?�����F'"EP* �b~w!��<��'��+LyR ,-��'��<!�&;�p�85����8�?�Q�
4I�;Y:���<��!��%�?��!G���<t.�(�8���<'Q4x�
�nz-lm}£~D9��s!���5(57�
�����%�u��N��AlQh
i & �?'?k
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ICR
no

yes

ANCHORED ANCHORED

ICR
no

yes

MIP

BUxMAP(A) BUxMAP(A)

Context: r2
CMAP:=x!MAP

BUpMAP(A)

BU_HA(A),
BU_CN(A),

BUpMAP(A)

BU_HA(A),
BU_CN(A),

Context: R2
CMAP:=x!MAP

BUxMAP(A) BUxMAP(A)

MAP−BU−tim

Context: R1
start

− −

MAP−BU−tim

Context: r1
start

MAP−BU−tim

Context: l1
start

MAP−BU−tim

Context: L1
start

MC
no

yes

ICR
no

yes

ANCHORED ANCHORED

ARV & !HL & MAP & ICM & !MC

ARV & !HL & MAP & !ICM

ARV & !HL & !MAP ARV & !HL & !MAP

�c�8,?�����U'"E � �Ig��?�������.���<'A5(!��<��'��+LyRa,G�u'��<!�&;�p�85����8�?�@�
4��;Y:���<��!��8�?�(!3���<t"���8���<'=4O�
�Iz-lW}y~w9:�1!���5�52�
���D�%�
��N��JlQh � �?'?k

MIP MIP MIP

ICM*
no

yes

MIP
BU_HA(M)
BU_CN(M)

CMAP := NULL

Context: am
CAR := x,

CMAP := NULL

Context: AM
CAR := x,

BUpMAP(M)

BU_HA(M),
BU_CN(M),

BUpMAP(M)

BU_HA(M),
BU_CN(M),

Context: M
−−−

Context: MM
CAR := x

ICR
no

yes

ICR
no

yes

ARV & !HL & !MAP
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to receive 

MAO via 

this interface

IFC allows

RA−data

contains

MAO(data)

update MOL

with MAO−data

IDLE

reception of

RA(data)

IDLE

send RA(data) on

interface: ifnr

IDLE

ifnr=ici!ifnr

reception of

RS(data,ici)

IDLE

reception of

tim(ifnr)

IDLE

Recalculate MAOs
lifetime and dist 
fields.
Restart timer(ifnr)
according to IFC

ici: interface control information delivered with incoming message
ifnr: value to specify specific interface of node
IFC: data structure to maintain configured interface parameters,
MOL: MAP−option−list: data structure to maintain MAP options

received from other MAPs,
tim(ifnr): timer 

data: data of incoming message,

MAO

from

itself
yes

no

no

yes

no

yes

Assemble RA + MAO(s)
based on IFC and MOL.

Start tim(ifnr) for

according to its configured
every RA enabled interface

advetrtisement interval
in IFC.

MESSAGES:

RA(data): IPv6 RtAdv
MAO(data): MAP Option

�c�8,?����� '"EZ: ��~I!��<��'��+LyR ,-��'��<!�&;���85����8�?�W�
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QoCoo implementation:
Composition of QoS option in

proposal in QoS−Conditionalized BU:
Composition of QoS option according to

IPv6 hop−by−hop option header IPv6 hop−by−hop option header

(more QoS options for different flows)

QoS option

(more QoS objects for this flow)

QoS option

(more QoS objects for this flow)

QoS object

QoS object

QoS object

QoS object

parameters
packet/flow classification

QoS requirements for flow

flow classification parameters

lifetime
flow label
source (RCoA)
destination (CN address)
identification (HoA)
path (AR address)

QoS requirements for flow

bandwidth
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−

MAP−

ACK(data)

MAP−BU−

timeout(data)

MAP−

NACK(data)

assign x to identify the "best"

of the known ARs in MDS

HL
no

yes

ICR
no

yes

MAP−BU−tim

Context: R1
start

MAP−BU−tim

Context: r1
start

MC
no

yes
*

ICR
no

yes

MAP−BU−tim

Context: l1
start

MAP−BU−tim

Context: L1
start

CMAP:=x!MAP

Context: R
CAR := x,

data: data of incoming message,

car: value to identify current AR,
cmap: value to identify current MAP,

x: value to identify specific AR,

MAP−BU−tim: timer to indicate loss of a send MAP BU
TIM: periodically triggers connectivity and IDS check,

IDS: Interface Data Structure to access RDS from user−space,

RDS: Data Structure to maintain reserved resources per flow,
MDS: Data Structure to maintain AR and MAP related information,
MDS: Data Structure to maintain AR and MAP related information,MDS: Data Structure to maintain AR and MAP related information,

extended with RDS per AR to maintain reserved resources

*

MESSAGES:

RA(data): IPv6 RtAdv
MAP−BA(data): Binding Ack. from MAP
MAP−NBA(data): Negative BA from MAP
MAO(data): MAP Option
QoSopt(data): QoSopt from MAP

ANCHORED ANCHOREDANCHORED

according RDS

Assemble 
QoSopt(data)

QoSopt(data)
BUxMAP(A) +

according RDS

Assemble 
QoSopt(data)

QoSopt(data)
BUxMAP(A) +

according RDS

Assemble 
QoSopt(data)

QoSopt(data)
BUxMAP(A) +

− −

according RDS

Assemble 
QoSopt(data)

QoSopt(data)
BUxMAP(A) +

according RDS

Assemble 
QoSopt(data)

QoSopt(data)
BUxMAP(A) +

RA(data)

QoSopt(data)

update MDS, RDS, IDS with data restart TIM, if MN’s QoS requirements in IDS have changed, then update RDS

TIM

(Consider also RDS and IDS)

*

ARV
no

yes

MCR
no

yes

ICR
no

yes

ICM
no

yes

MC
no

yes

*

*

MAP
no

yes
*

no

yes
*

QoS
requirements

exist
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modify x according accepted bandwidth in rec

  

  
forward packet

*

no

yes

x!flow
exist in

RDS

rec := RDS!(x!flow) represent x!flow, rec := RDS!(x!flow)

alloc and initialize new entry in RDS to

purge RDS from recs with exceeded lifetime

QoSopt(Qdata): IPv6 QoS hop−by−hop option
MESSAGES:

*

continue at a with x := Qdata!obj,

for all QoS objects in Qdata successively

if finished continue at b

a

b

(rec!rbw, avbw) := f( x!dbw, x!abw, x!rbw, avbw ) 

update rec with x,

update IDS according RDS

data: data of incoming message,
x: currenly processed QoS object,  
IDS: Interface Data Structure to access RDS from user−space,
RDS: Data Structure to maintain reserved resources per flow,
MDS: Data Structure to maintain AR and MAP related information,
rec: record in RDS to maintain specific flow reservations, 
avbw: available bandwidth in node,
obj: Qos object of a QoS option,
flow: request identification parameters like flow−val., RCoA, HoA,...

abw: acceptable bandwidth, rbw: reserved bandwidth,
lt: lifetime, dbw: desired bandwidth,

QoSopt(Qdata)
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purge RDS from recs with exceeded lifetime

no

yes

x!flow
exist in

RDS

update IDS according RDS

continue at a with x := Qdata!obj,

for all QoS objects in data successively

if finished continue at b

release reserved resources on old path)

(local handover occured, 

Qdata!dbw:=Qdata!abw:=Qdata!lt:=0, Qdata!F:=1

Assemble new QoS(Qdata) with Qdata:=rec

to rec!ARaddr

send
QoS(Qdata)

HAO(Hdata) +

IP(IPdata) + QoS(Qdata) +

BU(BUdata)

RCoA:=Hdata!HoA, LCoA:=IPdata!srcaddr

no

yes

>= 0
rec!rbw

no

yes

!= LCoA
RCoA

no

yes

>= 0
BUdata!lt

update BC (add)

yes

== 1
BUdata!A no

update BC (del)

to LCoA

QoS(Qdata) +
BA(BAdata)

−

(deregistration because of insufficient recources) 
Assemble new QoS(Qdata) with Qdata:=rec, Qdata!dbw:=0,
Qdata!abw:=Qdata!lt:=0, Qdata!F:=1 and BA(BAdata) with
BAdata!lt:=0, BAdata!status:=INSUFFICIENT_RESOURCES;


(deregistration because of regional movement,
release reserved resources on old path)
Assemble new QoS(Qdata) with Qdata:=rec,
Qdata!dbw:=Qdata!abw:=Qdata!lt:=0, Qdata!F:=1


to LCoA

QoS(Qdata) +
BA(BAdata)

to rec!ARaddr

send
QoS(Qdata)

−

(rec!rbw, avbw) := f( x!dbw, x!abw, x!rbw, avbw ) 

update rec with x

*

MESSAGES:

QoS(Qdata): IPv6 QoS hop−by−hop option
HAO(Hdata): IPv6 Home Address dest. option

IP(IPdata): IPv6 header

BA(BAdata): IPv6 Binding Ack. dest. option
BU(BUdata): IPv6 Binding Update dest. option

data: data of incoming message,
x: currenly processed QoS object,  
IDS: Interface Data Structure to access RDS from user−space,
RDS: Data Structure to maintain reserved resources per flow,
MDS: Data Structure to maintain AR and MAP related information,
rec: record in RDS to maintain specific flow reservations, 
avbw: available bandwidth in node,
obj: Qos object of a QoS option,
flow: request identification parameters like flow−val., RCoA, HoA,...
ARaddr, lt: lifetime, dbw: desired bandwidth,
abw: acceptable bandwidth, rbw: reserved bandwidth,
HoA, LCoA, RCoA, F:F−flag, A:Ack−flag

rec := RDS!(x!flow) represent x!flow, rec := RDS!(x!flow)

alloc and initialize new entry in RDS to

no

yes

rec!ARaddr
x!ARaddr==

a

b

(Qdata:=rec) and BA(BAdata)

Assemble new QoS(Qdata) 

yes

== 1
BUdata!Ano
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mipglue (forwards call)
Netfilter  (forwards packets)

Linux Kernel (IPv6 protocol)

Mobile IPv6 Implementation (kernel module)

calls from IPv6 code
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(for handover
only)

Next router

Current
access router

List of MAPsList of Access Routers Current MAP

Next MAP
(for HMIPv6
handover
     only)

MAP 1
RCoA
lifetime
next

curr_map

head_map

MAP 2
RCoA
lifetime
next

AR 1

curr_router

Existing MIPv6

Extended for HMIPv6

next_router CoA
lifetime

ADDR

next

AR 3

CONTEXT
MAP
LCoA

head_ar

tent_router

CoA
lifetime

ADDR

next

CONTEXT
MAP
LCoA

AR 2
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Executes
handover

set next_router
Selects next access

available informationt
router based on

ra_rcv_ptr() ack_rcvd() bu_timeout() router_state()

Updates MN
data structure

Event
handlers

router_propose()

change_Router()

router_update()

Function calls
modified for HMIPv6

Event handlers

Event handler
existing in MIPv6

modified for HMIPv6

< if handover >

router_event()

�¥BYfXVM:�=�Üp~ ��L�v4n;=?:LnuBY=?�°8;T²ks� =?n;=I6_@%KHQ;6><>GEBE6>f

��K>=�T|V>6HNO@LBY8X6�:L8XVM@A=?: =?n;=I6_@�wyz�BEP�N?Q;GeGY=I< BYT¥Q;6JSj8;T¥@LKM=�TZ8XGeGY8���Be6MfC=?n;=I6J@LP%8pN?N?V>:�P3L
� Q9�3@L�4<Mn K>Q;6><HGY=I< { Sj@LKM=]TWV>6>NO@LBY8X6�:�Q :�NOn F>@A:�wyz�~
� Q F"8XPLBY@LBEn;=�8;:¤6M=?fXQR@LBYn;=³d�� BE6¯:L=IPAF"8X6>PA=¦@A8 Q d�g ��K>BeN�K BEPsKHQ;6><>GY=I< { S°@LK>=¦TWV>6>NO@LBY8X6
Q;N�¡ :�NOnu<�wyz�~

� Q�@LBED1=?8XVM@¢BE6H<>BEN?QR@LBE6Mf[@LKM=�GE8XPLP"8;TMQ�F>:L=?nuBY8XV>PLGES�PA=I6_@¢d[g*K>Q;6H<>GY=I< { S,@LKM=²TWV>6>NO@LBE8X6 { V @LBeD1=?8XVM@�wyz�~
� QsF"=?:�BY8u<>BENC@LBEDU=?:-N?Q;GEGEBe6Mfh@LKM=�T|V>6HNO@LBY8X6�:L8XV>@A=?: PL@LQR@A=Jwyz�Be6�8;:�<M=?:�@A8�N�KM=IN�¡)@LKM=jN?VM:L:L=I6_@-�4�
Q;6H<lkl�4m { BE6><>Be6Mf�T|8;:�=OtuFHBY:L=I< GEBETZ=?@LBEDU=;~

»�¼�½y¾�¿©À Á�ÂyÃ¥ÄWÃ ÅÇÆeÈYÂ7É7À ÈeÄ�ÊHËRÉ7À ÌyÆe¿©Í©À ÃÎ¾Ï ÆZ¿©Ê À É�Ð?Ñ;Ê ÊOÒ�À Á�ÂyÃYÍ;¿©ÆeÍ©ÆZ¿ÎÌyÆZÓ�Ð ÔHÕ/ÖH×EØAÙb×YØÇÚ�Û m¥QRf;=�Üu¨



��� �����	��

�

�%TZ@A=?:�@LK>QR@?q�BYT%6M=?� BE6MT|8;:�DUQR@LBY8X6³BeP1QInRQ;BEGEQ { GY=;q[:L8XVM@A=?: VMF/<>QR@A=Jwyz�BePUN?Q;GEGY=I<³@A8¦PA@A8;:L=h@LKM=ID¹BE6*@LKM=
ks� <>QR@LQ�PA@A:�V>NO@LV>:L=;~4��KM=�TWV>6>NO@LBY8X6s:L8XVM@A=?: F>:L8;F"8XPA=Jwyz�BEP%:L=IPAF"8X6>PLB { GY=�T|8;:,D9QR¡pBE6>f�Q�O��AV>PL@7`¬QR@7`y@LKM=O`
D18XD1=I6_@,n�Q;GeBE< Q��AV><>fXD1=I6J@ { Q;PA=I<�8X6�@LKM=CN?VM:L:�=I6J@LGYSsQInRQ;BEGEQ { GY=CBE6MT|8;:�DUQR@LBE8X6sQ;6><�Q�NO=?:L@LQ;BE6�F"8XGEBENOS;~
��KM=-D1=?@LKM8u<lQ;6><l:�V>GY=IP�VHPA=I<h@A8�=I6MTZ8;:�NO=�@LK>BEP�F"8XGEBENOS�BEP�=OtuFHGEQ;BE6>=I< BE6h@LKM=-6M=Otp@%FHQR:�QRf;:�QRFrK/~�5�T¥@LKM=
�LV><MfXD1=I6_@C:L=IPLV>GY@LPCBE6*PA=IGE=INO@LBE6Mf¤Q�6M=?� �%�
Q;P1<M=?T|Q;VHGY@C:L8XVM@A=?:Iq�Q¤KHQ;6><M8�n;=?:UBePCF�=?:�TZ8;:�DU=I</~���K>BEP
BEP1BE6H<>BEN?QR@A=I< { S @LKM= F"8XBE6_@A=?:U6M=Otu@ :L8XV>@A=?:U@LK>QR@9BEPCQ;PLP�BYfX6M=I<³@A8�BE<>=I6J@LBYT|S)@LK>=h6M=Otp@1:�8XVM@A=?:9BE6 @LKM=
�4� GEBePA@?~ 
�n;=I6_@LV>Q;GEGESjN�K>Q;6Mf;= :L8XVM@A=?:�wyz�BEP�N?Q;GEGY=I<h@A89=Otu=IN?VM@A=�@LKM=�:L=IGY=?nRQ;6J@�:�=?fXBEPA@A:�QR@LBY8X6lF>:L8uNO=I<>VM:L=IP
Q;N?NO8;:�<>Be6Mf1@A8U@LKM=�GeQR@A=IPA@��LV><MfXD1=I6_@?~

��K>=,DU=?@LKM8p<�V>PL=I<jBe6�:�8XVM@A=?: F>:L8;F"8XPA=Jwyz�@A8UPA=IGY=INO@PO7@LKM= { =IPA@
QC6M=Otu@�:L8XVM@A=?:�Q;6><�@A8UBE<>=I6J@LBYT|S1@LKM=
6M=Otu@�PA@A=?FHP�@A8 { =�=Otp=IN?VM@A=I<sBEP�BEGEGeV>PA@A:�QR@A=I<�BE6h�¥BYfXV>:L=]Üp~ �p~

MAP specific

Context−field
AR properties for

properties

parse head_AR and set "Context−field":

has MAP−Option

is current MAP

MAP confirmed

is current Router

router_propose()

Context−field
is new feature
in HMIPv6
implementation

is valid

home link

well behaved

Context−field

return router with largest value of "Context−field"
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Registers with
HA and CNs

Registers with
the new MAP

set curr_router

add_routes()

del_routes()

handle_prefix()

Sets new AR
(default router)

Deletes old
routes

Updates
routing table

Phase 1:
(only in
HMIPv6)

Phase 2:
  

return

return

return

set curr_map

update_map()

change_router()

set tent_router

according to context of ’next_router’
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AN a: AN b:

WAN:

ARb1ARa2ARa1

MN

HA / BR / ARh CN

MAPa / ER MAPb / ER

AN delay

X:X:X:5::7 X:X:X:6::7

X:X:X:0::9

X:X:X:7::8

AN delay

X:X:X:0::1/64

X:X:X:1::3

WAN delay

X:X:X:2233::4 X:X:X:2244::4
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physical link f

link a1

MANAGEABLE HUB 

link a2 link b1

IPv6−in−IPv4 tunnel
IPv4 route

link h

physical link b

v6: global addr/128
v4: −

sit1  v6−in−v4

eth0 mac:..94E9
v6: −
v4: global addr./24

eth1 mac:..BF6F
v6: X:X:X:0::1/64
v4: X.X.0.1/24

sit2 v6−in−v4
v6: X:X:X:2211::7
v4: −

eth0 mac:..30D9
v6: −
v4: X.X.1.4

sit2  v6−in−v4
v6: X:X:X:1111::4
v4: −

sit2 v6−in−v4
v6: X:X:X:1111::1/128
v4: −

eth2 mac:..C033
v6: X:X:X:1::1/64
v4: X.X.1.1/24

eth0 mac:..EEEC
v6: −
v4: X.X.2.8

sit2 v6−in−v4
v6: X:X:X:2222::8
v4: −

v4: ..8

v6: ARb ::8

eth0 mac:..9559

v4: X.X.1.3
v6: X:X:X:1::3

eth1 mac:..C139
v6: −
v4: X.X.2.3

eth1 mac:..8264
v6: X:X:X:5::7
v4: −

eth2 mac:..75C1
v6: X:X:X:6::7
v4: −

eth1 mac:..4BFC
v6: X:X:X:7::8
v4: −

v4: WAN (/AN−del). ..3

v6: CN ::3

v4:  ..7

v6: ARa (1/2) ::7

v4: ..4 

v6: MAP (a/b) ::4

eth0 mac:..9575
v6: X:X:X:0::9
v4: X.X.0.9

v4:  ..9

v6: MN ::9

eth0 mac:..F186
v6: −
v4: X.X.2.7

v6: −
v4: X.X.2.4

v4:  ..1

v6: HA: ::1 (BRh,ARh)

dummy0 virtual

v4:  −

v6: X:X:X:2244::4

dummy0 virtual

v4: −

v6: X:X:X:2233::4

sit4 v6−in−v4
v6: X:X:X:2222::4
v4: −

sit3 v6−in−v4
v6: X:X:X:2211::4
v4: −

eth1 mac:..9CEC
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