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* MPLS

B Multi Protocol Label Switching(MPLS)
® ATM Frame Relay
® Shim Header

° IP

° Virtual Private Network

°

® MPLS Layer1 Generalized MPLS

MPLS LSP(Label Switched Path)
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* GMPLS

B MPAS(MPLambdaS):
Label Switched Path

) OXC
® 1999 10 IETF I-D

m 2000 1 OIF NTT Photonic MPLS AT&T, Sycamore,

Ciena, yross MPAS

2

m ITEF (2000 2 )

® draft-kompella-mpls-optical-00.txt
Juniper Networks, Cisco Systems, UUNET, Global Crossing,
AT&T Labs, Level 3 Communications, NTT, Marconi,
Ciena Corporation, Chromisys,
New Access Communications, Sirocco Systems
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.| GMPLS
v GMPLS (Generalized MPLS):
IP
MPLS
MPLS TDM
Generalized MPLS ITU-T G.709
(Label Switching Router OTN
+ Label Switched Path)
IEEE 802.3 ITU-T G.707
Fiber Ethernet SDH/SONET
Wire Packet
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Il Label Switched Path (LSP)
m MPLS LSP
IP TDM SW
[ | LSP IP IP
Optical-LSP
Packet LsP oM-LSP
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Packet Switch Layer

& : 1P Router =) : TDM-XC £ :oxc
(Packet Switch Capable) (TDM Switch Capable) (Lambda Switch Capable)
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GMPLS Switching Capability

GMPLS ;
Type }—-n---—
MPLS | Photonic MPLS
Label Packet | Frame Cell Time Slot Wavelength | Optical Burst/Optical
Switch Packet
Label Shim DLCI VCI Slot Position Wavelength(s), Sub- Packet
Header Waveband carrier, | Header
CDM
Signaling LDP, RSVP-TE, Generalized RSVP-TE, Iabﬁynamic
Protocol CR-LDP, BGP Generalized CR-LDP RSVP-TE (?7)
Nefflork | Ls |FrR-sw|ATM-sw| Dxc [omom| oxc, Pxc
Equipment -XC
Remarks OTDM MPAS Research phase
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GMPLS

LMP (Link Management Protocol)

OSPF (Open Shortest Path First)

RSVP-TE (Resource reSerVation Protocol for TE)
TE: Traffic Engineering
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v! GMPLS

|
® GMPLS
® =z
DCN DCN
(Control Plane) ___3 <____>$§:____
(Data Plane)
LMP
RSVP —
OSPF  NE-NE NE-DCN Adjacency
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* GMPLS
I

® IP OXC TDM

[ Path Computatlon Element (PCE)

[[ RsvP-TE | Fls]m- }}:l

| GSMP/MIB/CLI

GSMP GMPLS
GMPLS IP Router

GSMP: General Switch
Management Protocol

GMPLS,

IP Router GMPLS

oxc
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* GMPLS OXC

|
°
°
°
GMPLS
NW-OpS I NW-OpS (GMPLS)
< TR ) EJ OB
: - O O O

C 7O B e —
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-

E
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TR ngg

% | #B
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* GMPLS

m NW
® WDM IF
« GMPLS WDM-IF
— Shared Mesh Restoration
e |P IF
e IP IF
- P
» +

WDM-IF
Shared Mesh Restoration
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H Layer-1 VPN
®
°
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! GMPLS

u B

» Cisco Systems
e Juniper

» Furukawa Network Solution

« NEC (TDM-XC)

« Sycamore Networks (TDM-XC)

» Calient (Photonic XC)

* LAMBDA Optical Systems (OXC/Photonic XC)

e Spirent
» Agilent Technology
* Navtel
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! GMPLS

(Juniper
|
[ 192.168.1.3 | [ 192.168.1.11 | [102168.1.12 |  [192168.1.2]
<™ TR E¥ o
Juniper
mpls { . Juniper IP
?:C‘g fg ; interfaces {
label-switched-path G-LSR2 { gel%?go{{
from 192.168.1.3; family inet;
t0 192.168.1.2; } '
Isp-attributes { }
signal-bandwidth gigether; ge-0/1/0 {
switching-type lambda; unit 0 {
gpid ether; family inet { IF
address 60.60.60.1/24;

}
primary G-LSR2;
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Photonic Internet Lab.)

B NTT NEC

PSC/LSC

(@ NTT

Photonic Internet Lab.

ol

| PSC: Packet Switch Capable |
i TDM: Time Division Multiplexing i
DM : switch capable
Lsc FsC i LCS: Lambda Switch Capable
! FSC: Fiber Switch Capable

http://www.pilab.org/mission/
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Optical Internet Forum
SuperCom 2005
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Live Demonstration

Deutsche Telekam

France Telecom
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Japan Gigabit Network (JGN) I

106 (16x8)

sie -
Okayama 10Gx2
Oy ihanna

Otemachi B

o
Keihanna
Naha

[ ] GMPLS
® DRAGON Project
* http://cnl.gmu.edu/dragon/index.html
® Swedish National Broadband Project
 http://www.acreo.se/templates/Page__ 271.aspx
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JGN I Grid
G-Lambda Project

Grid Resource Scheduler (GRS)

AIST
Resource management IF (GNS-WSI) Grid applications
AIST/KDDI INTT 4

Network Resource Management
system (NRM)
KDDI

JGN JGN
Fukuoka gg _Kanazawa

KDDI

(AIST)

KDDI
NTT

(NiCT) RC
AIST
Tsukuba  http://www.g-lambda.net/welcome.html

T.,Kudo et al,

Clust ) “G- Lambda : Coordination of a Grid

uster E : = Scheduler and Lambda Path Service
JGN 2 36N 2 AIST over GMPLS”, JA101, iGrid2005
Osaka NiCT RC Akiba http://mww.igrid2005.org
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Generalized MPLS

]
B GMPLS
]
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GMPLS

LSP IP/MPLS
® RFC3945 “Generalized Multi-Protocol Label Switching Architecture”
® RFC4201 draft-ietf-mpls-bundle-04.txt

® RFC4206 draft-ietf-mpls-Isp-hierarchy-08.txt

Optical-LSP
TDM-LS
Packet LSP)

w e
W

Packet Switch Layer

& : P Router =) : TDM-XC E£49 :oxc
(Packet Switch Capable) (TDM Switch Capable) (Lambda Switch Capable)
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! GMPLS Switching Interface
I
| Interface Type
® Packet Switch Capable (PSC) interface
e IP MPLS Shim Switching

® |ayer-2 Switch Capable (L2-SC) interface
e Frame Cell Switching
® Time-Division Multiplex Capable (TDM) interface
e Switching
® | ambda Switch Capable (LSC) interface
. Switching
® Fiber Switch Capable (FSC) interface
. Switching

m LSP Type Interface

@ NTT Copyright Nippon Telegraph and Telephone Corp. Internet Week 2005 T23

Page 23

! GMPLS (CC Separation)
"'m CC (Control Channel) Separation

° Control Channel
o =
° Link Management Protocol
C_Plane ------------------------------------------ LMP IP Address
............................. Node 1)
Gl LMP 3
..... Control Channel /GMPL

Control Channel " control Channel

~3y—

Control Channel

CCID
Unnumbered

GSMP

’ Unnumbered
D—Plane : Numbered
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* GMPLS (TE-Link

I
B Traffic Engineering (TE) —Link

[ J
GMPLS
® GMPLS  MPLS Traffic Engineering (TE) Link
® Data Link
° LSP TE-Link
LSP Forwarding Adjacency FA)
Component Link
Component Link
\ Component Link
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* Unnumbered TE-Link
I
B Unnumbered TE-Link
® OXC Network Element (NE) Local Policy
° TE-Link ID
® LMP LMP
LMP ........................ Local TE-Link ID
............................ Remote TEL|nkID
..... 4
)___Remote ID #A
Remote ID #B
=
-. Remote ID #C N
|
Remote TE-Link ID
| Unnumbered NE Local 32bit  ID |
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! GMPLS

I
B Shared Risk Link Group

Shared Risk Link Group

) Risk Link Group
® TE-Link Risk ID
[ TE-Link SRLG
® OSPF-TE Path
1+1 SRLG
4B #B
SRLG=30 SRLG=30
#A 4C T SRLG=30 sc
#D #D
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! GMPLS

I
B Forwarding Adjacency FA)

Forwarding Adjacency

° LSP FA-LSP) TE-LINK
® FA-LSP FA Policy
° FA Path

GMPLS TE-LINK

N\
‘v
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FA-LSP
FA OSPF Area
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GMPLS (

v

v
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Peer Model:

Augmented Model:

S

Overlay Model:

S—

IP
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GMPLS Generalized

(@ NTT

GMPLS

® Generic Label Request

. Encoding Type
@ Bi-Directional LSP Control

. LSP
@ Explicit Label Control

. Label
® | SP Administrative Status Handling

® Protection Information

® Failure Notification
 LSP
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Generalized MPLS
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LMP
® RFC4204 (  draft-ietf-ccamp-Imp-10.txt)
® RFC4209 (  draft-ietf-ccamp-Imp-wdm-01.txt)
® RFC4207 (  draft-ietf-Imp-test-sonet-sdh-04.txt)
@ Control Channel Management

e Control Channel LMP Hello o] @]
® Link Verification TE-Link

e Component Link Data-Link

e Local IF Remote IF
® Link Property Correlation

e Local IF Remote IF
°

Fault Management }
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! Control Channel Management

|
B Control Channel

) NE Control Channel
L] Control Channel
« SDH DCC (In-band Channel)
. Data Communication Network (Out-of-band Channel)
. GRE
) NE Control Channel Down “Degrade State”
B Control Channel OTN ITU-T G.709/872 )
_____ @DQN Control Channel #2
o< piy & CCID #A
L Y
CCIDHY &ovrenen. control Ghannel#l........ > CCID #8
Optical Supervisory Channel
» A (TU-T G.872) \ KoV
X 'l Component Link ,l N
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! Link Verification & Link Property Correlation
B Link Verification
® TE-Link/Data Link Local Remote
. IF GMPLS
e MPLS IF
.................. a
Label #1 Label #10
(Local ID) Remote D)™~
- (Local 10 T, Famote D i
‘ Label #3 / '
N (Local ID) X
‘ Label #4 Label #12 )
(Local ID) Remote ID]
B Link Property Correlation
® Test TE-Link ID Data-Link ID
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! LMP

[ | (Node ID Local > Remote)
Local Remote

£y £y

Config (Node ID/CC ID

Control Channel Config

ConfigAck (Node ID/CC ID Node ID
Hello
. L Beigin Verify (Local TE-Link ID/Verify ID_ )
Link Verification Begin Verify Ack (Verify ID_)
Test (Local IF ID/Verify ID ) Link
TestStatusSuccess

(Local IF ID/Remote IF ID/Verify ID )
TestStatusSuccess ACK (Verify ID )

Link Summary (TE-Link ID/DATA Link ID )

Link Property Correlation S Link
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! Non-Negotiable Negotiable

I . .
B Non-Negotiable/Negotiable Parameters
® CC Config, Begin Verify, Link Summary

Non-Negotiable Parameter Negotiable Parameter
Local Remote Local Remote
_— _—

9 —— £9 9 — — 9
NACK NACK
[Acceptable ]

B Negotiable Parameter

® Config Message
* Hello Interval, Hell Dead Interval

® Begin Verify Message
 Verify Interval, Number of Data Links, Encoding Type, Verify

Transport Mechanism, Transmission Rate, Wavelength

® Begin Verify Message

e TE-Link ID, Data-Link ID
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Fault Management

® SDH OTN

B Fault Management

Optional
AlS (Alarm Indication Signal)

Channel Status(SF) a Channel Status(SF)

Channel Status Channel Status
ACK LMP ACK LMP

Channel Status

Channel Status

LOL
d)
LOL: Loss of Light
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! LMP-WDM
I
m LMP-WDM
° WDM)
® SW LOL(Loss of Light)
WDM
[ SW WDM
LMP Link Group ID
LMP-WDM J_ LMP-WDM _ SREGIID
Link Group ChannelStatus
[ A [ A
f = r f =
\ \/ \ \/
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LMP Hello

® LMP Hello
® GMPLS
Control Plane

Control Plane
Data —Plane
NE ”Adjacency”

NE Control Plane
LMP Hello

° Control Plane LMP Hello
. Control Plane GRE-Tunnel NE
. Tunnel NE OSPF Hello OSPF Adjacency)
Control Channel OSPF Hello
OSPF

Control Plane

S &

OSPF Hello OSPF Hello

LMP Hello

Component Link

S~

n

N
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Control Channel

|
® Down, ConfSend, ConfRcv, Active, UP, GoingDown 6
Config
Config
Config
‘ < ) | Config O NewConfig ‘l‘O Hello ( )
Con
— — f —
Down ¢ ConfSend —_ ConfRev ¢ Active ¢ Up
CC Down
AAAA 4 ewConfig NewConfig
CC Down | T |
| — Hello Timer /CC Reconfig
CC Down
CC Down
CC Down Flag CC Down
Timer Going CC Down
Down
CC: Control Channel ° Draft

(@ NTT
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TE-Link

|
® Down, Init, UP, Degrade
LinkSummaryNack
LinkSummary
. First CC Up/Last CC Down
LinkSummaryNack
First CC Up/Last CC Down DATA < D LinkSummary CCUuP
Link U
= ; —_
Down . Init —_— Up . Deg
Data-Link CC Down
Data-Link
Data-Link
CC: Control Channel

[ Draft

(@ NTT
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Degrade State

B LMP Degrade State

(@ NTT

® TE-Link
)
¢ RSVP Soft State Soft State
. RSVP Control Channel Down Soft State
Control Channel Graceful Restart
LMP

® Data-Plane LSP

& DCN Control Channel #2

Internet Week 2005 T23
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Data Link

® Down, Test, UP/Free, Up/Alloc

B Active Data Link Passive Data Link
® Active Data Link IF
® Passive Datalink IF

Control Channel
In-band Control Channel

(@ NTT

‘ Test < D Link Verification LSP
—_—> —_—> —_—>
Down ¢ Test ¢ Up/Free ¢ Up/Alloc
X . Test
T Link Verification LSP
Link Summary
o Draft
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Generalized MPLS
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(@ NTT

IGP  GMPLS

IGP GMPLS
® RFC3630
® RFC4202 (  draft-ietf-ccamp-gmpls-routing-09.txt)
® RFC4203 (  draft-ietf-ccamp-ospf-gmpls-extensions-12.txt )

GMPLS

® | SP

. Data-Link Encoding Type POS

» Data-Plane
- SDH VC-3/VC-4

Copyright Nippon Telegraph and Telephone Corp.

(Adaptation Capability)
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IGP OSPF-TE)

B TE-Link

IGP (OSPF
® Control Plane Link OSPF
® Data Plane TE-Link

- OSPF

(C-Plane)

Node ID
172.16.100.1 Node ID
@i 172.16.100.3
74 4
Node ID Node ID
172.16.100.2 172.16.100.4
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IS-1S)
Router LSA )

Opaque LSA (Area Local Scope)

V..
Q Hello @
4 DB Desc >
DB
LS Update
< Control Plane >
Node ID LS Update
172.16.100.5 £ o
Data Plane
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! TE-Link

I
m LSP

® Traffic Engineering Database LSP
® |LSP Next Hop Node RSVP-TE/CR-LDP
) FIB (Forwarding Information Base) Next Hop
Node
E FA
[ ] FA-LSP FA Policy
Route ) ) )
Query . CSPF Engine TE Traffic Engineering TE-LSA
- (LSPRoute DataBase
Results Calculation)
(FA-LOSE}Inf:r?rI::ion) i Message Handler
RSVP/ Routing Data Base
CR-LDP Route
Calculatiorl
RSV LDP
M o IP Kernel FIB OSP! sage
Control Plane Physical IF
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! LSP

From Node #A to Node #D) §
v
— D-Plane (Next Hop)

TE-Link Database (TE-LSA )

L/

RSVP/CR-LDP
Next Hop Node #B
v
C-Plane Next Hop)
P Data Plane
Control Plane
Next Hop Node |
Optical Path

& N 4
IP Router #1 OXC #A OXC #B OXC #C IP Router #2
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TE-Link

|
B TE-Link

Sub-TLV T pe
1 Link Type 1: PtoP Link
2 Link ID 32bit Value
3 Local Interface IP Address 32 bit Value Numbered
4 Remote Interface IP Address 32 bit Value Numbered
5 Traffic Engineering Metric 32 bit Value
6 Maximum Bandwidth 32 bit Value
7 Maximum Reservable Bandwidth 32 bit Value
8 UnReserved Bandwidth 32 bit Value
9 Resource Class/Color 32 bit Value
11 Local/Remote If Index 32 bit Value *2 GMPLS
Unnumbered
14 Link Protection Type 8 bit Value GMPLS
15 Interface Switching Capability Descriptor Variable GMPLS
16 Shared Risk Link Group Variable GMPLS
(@ NTT Copyright Nippon Telegraph and Telephone Corp. Internet Week 2005 T23 rage 40
Link Bundling

II Link Bundling TE
® Maximum Bandwidth Maximum LSP Bandwidth
® Maximum LSP Bandwidth
e Component Link Priority P Bandwidth
® Maximum Reservable Bandwidth
e« Component Link Maximum Reservable Bandwidth

e Bundled Link Maximum Reservable Bandwidth
® Unreserved Bandwidth
e Component Link Unreserved Bandwidth

Bundled Link

/\ Component Link

/ \ Component Link

7 7
| |

Component Link
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! Interface Switching Capability Descriptor ISCD)
I
B Interface Type
@ Switching Type (8bit)
« PSC, L2-SC, TDM-SC, LSC, FSC
® Encoding Type (8bit)

B Interface Type Label
® [PSC, TDM] PSC-TDM TE - Time Slot Label
® [PSC, LSC] PSC-LSC TE - Lambda Label
® [PSC, FSC] PSC-FSC TE-Link - Port Label
® [TDM, LSC] TDM-LSC TE-Link - Lambda Label
® [TDM, FSC] TDM-FSC TE-Link - Port Label
® [LSC, FSC] LSC-FSC TE-Link - Port Label
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! Shared Risk Link Group
|

[ | LSP SRLG
® 1+1/1:1
® End-to-End
Link Link
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! Inter-Area

|
TE-LSA Area Local Scope
Inter Area LSP
IETF Hot Issue
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Generalized MPLS
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! GMPLS

B GMPLS RSVP-TE CR-LDP RFC
) RSVP-TE
) RSVP-TE
[ | GMPLS
® RFC3471 Generalized Multi-Protocol Label Switching (GMPLS)
Signaling Functional Description
® RFC3472 Generalized Multi-Protocol Label Switching (GMPLS)

Signaling Constraint-based Routed Label Distribution
Protocol (CR-LDP) Extensions

® RFC3473 Generalized Multi-Protocol Label Switching
(GMPLS)Signaling Resource ReserVation Protocol-Traffic
Engineering (RSVP-TE) Extensions

® RFC3946 Generalized Multiprotocol Label Switching Extensions
for SONET and SDH Control (RFC 3946)

® draft-ietf-ccamp-gmpls-g709-09.txt
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! RSVP-TE (1)

I
B RSVP-TE Path Message  LSP

[ TE-Link IF ID RSVP Hop Object

® Generalized Label Request LSP

® TE-Link Upstream Label Bi-Directional LSP

® NE Local TE-Link ID/Data Link ID

RSVP Hop 10 RSVP Hop 13 RSVP Hop 21

UP Stream 102 UP Stream 301 UP Stream 202

-L
PSC Node ID

PSC Node ID
172.16.100.1 _ LSC Node ID
172.16.100.3
TE-Link ID
=10 31 172.16.100.5
Data Link ID h 305
=102 ;
101 B » 2
LSC Node ID 13 23 LsCNodelp 202
172.16.100.2 301 312 172.16.100.4
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* RSVP-TE 2)

I
B RSVP-TE Resv Message LSP

® |[F ID RSVP Hop TE-Link ID Path Message
® Generalized Label

¢ Down Stream Interface
RSVP Hop 10 RSVP Hop 13 RSVP Hop 21
G-Label 101 _ _Q-Eal_)e_l 3_12_ N p;Lgbe\ 305

PSC Node ID

172.16.100.1 _ LSC Node ID

(g =

. 172.16.100.3
TE-Link ID PSC Node ID
=10 31 172.16.100.5
Data Link ID h 305
=102
1 - P 21
LSC Node ID 13 23 LsCNodelp 202
172.16.100.2 301 312 172.16.100.4
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‘* Generalized Label Request
!

B Generalized Label Request
® Encoding Type
° LSP TE-Link IF Type
» Packet, Ethernet, SDH/SONET, Lambda, Fiber 11
@ Switching Type
. LSP Switching Type
® G-PID

- POS HDLC over SONET
e POS, ATM mapping, Ethernet 46

m LSP Bandwidth ~SENDER_TSPEC_Object
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B Graceful Restart

® RSVP-TE
® Control Plane

® Control Plane

B RSVP Hello

® Restart Cap Object

® Restart Time
e RSVP Hello
® Recovery Time
* RSVP Hello

(@ NTT

Graceful Restart

LSP

State

Forwarding State
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B Control Channel Failure

® RSVP Instance ID

EY

Graceful Restart

EY

EY

2

B Nodal Failure

® RSVP Instance ID

o

Hello Hello
* Instance 1D Instance ID
* Hello Node
Hello Check (Non Zero Recovery Time) .
Instance ID >
Check . . _ _Hello (Same Src Inst. ID)
L SRefresh Recovery &th (LSP #A Recovery Label)
ACK | | Time ACK Stop
Refresh
SRefresh Recovery | |Path (LSP #B Recovery Label)
e ACK Time N ACK
Recovery LSP Recovery LSP

Recovery Time

(@ NTT
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Recovery Time
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RSVP-TE

B Admin Status
® LSP Admin Status Bit =1
B Notify
® Path Error/Resv Error Error Target
B Label ERO/RRO
° Label
° Label
B Label Set
® LSP Label
B Suggested Label
° Label
@ H I I Copyright Nippon Telegraph and Telephone Corp. |nternet Week 2005 T23 Page 61
I
B Message Type
® Notify message (Message Type = 21)
B Message Object
Class-Num | C-Type Object
3 3 IF_ID RSVP HOP Encoding, Switching Type
19 4 Generalized Request Encoding, Switching Type,
G-PID
16 2 Generalized Label
34 ) Recovery Label Label 1) C-Type
Generalized
35 ) Upstream Label Label Label
36 1 Label Set Label
129 ) Suggested Label Label 1
131 1 Restart Cap Restart/Recovery
195 1 Notify Request IPv4 Address
196 1 Admin Status Admin Up/Down, Test
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Generalized MPLS
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! GMPLS Based Recovery

I

B GMPLS Based Recovery
® draft-ietf-ccamp-gmpls-recovery-terminology-06.txt
® draft-ietf-ccamp-gmpls-recovery-analysis-05.txt
® draft-ietf-ccamp-gmpls-recovery-functional-04.txt
@ draft-ietf-ccamp-gmpls-recovery-e2e-signaling-03.txt
® draft-ietf-ccamp-gmpls-segment-recovery-02.txt

B MPLS Fast Reroute (RFC4090

® MPLS Control Plane Forwarding Plane
GMPLS Based Recovery  Control Plane
°
. LSP
. LSP
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! GMPLS
|

Scheme Switching Strategy
| YL —
1+1/1:1 Protection é' é'

End-To-End Restoration

Segment Restoration
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W. Imajuku et al., “Restoration Path Accommodation Design for Limited Range Wavelength
Convertible Photonic Network,” ECOC2004, Paper Tul.6.4.
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[ Restoration

Evaluated optical path recovery time
after fiber is cut between PR #3 - PR #4
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L _ Number of
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W. Imajuku and K. Shimano, “GMPLS Functionality and Control Plane Architecture
for Fault-Tolerant Photonic-IP Network,” OECC/COIN-PS 2004, Paper 15B2 (Invited)
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B |TU-T (SG13, SG15)
UNI, I-NNI, Inter-carrier E-NNI  Requirements, Architecture (ASON)

m |[ETF (CCAMP, PCE, L1-VPN)
I-NNI (GMPLS) UNI
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Transport Area SIP/IP Telephony WG
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