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+ 19884 NTTA%t

- ATM R4 YFARXOHE
o 1991£F<5LN

- RATM RAYFHERDWHE
o 1992FLBL VM
- DHr=VIRIYNT—H DR
- 19954E< 5LV SITU-TCOTNDIELE (L VERK
19994E< B LIS MPASH X DFFZE
- 2000£#1AOIFIZPhotonic MPLSAXZIRE
- 2000£E2 AIETFIZFS 7 MRH (draft-kompella-mpls-optical-00.txt)

- 2000£E<BLVANBHIKARI routerd BASE% Bt
- 200146 A SuperComm?2001 Live Demonstration

- 20024 PILEEXSIL. GMPLSO R H i % Bath
- 2003F(FHWMFALA—TFRT GMPLSO R H &% Bh
- OFC2005 PDP40
- OFC2006 PDP47
- 2004%E0IF SuperComm?2004 A E#EHTEAAREEE
- 2005%EOIF SuperComm?2005 HE##HETEAAEEE

R 2006£|E BEZBXFETSEHR T FZEISHIHRBEER
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GMPLSH fiif

+ Generalized Multi-Protocol Label Switching
- —R&{EMPLS
+ MPLS

- INTYR(P)™IL—LA(Ethernet, FR, ATM, ..)IZ, SN)L
(shim headenzft&5L1=tM%. &Label Switch Router
(LSR) IZ§RE Sh1=Forwarding Table [ZfE>T. switching
LTEELTLEREA K,

- End-to-end IZ Label Switched Path (LSP) Z&&E .

- &LSRMForwarding Table ME&EIZ[X. LDPXORSVP-TE &

Lot T3y 7nkanEFI A,
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s GMPLST—f&iESn=t D(E?

+ LSRO—#EIE
- SDH/SONET cross-connect (XC) system
- Time Division Multiplex (TDM) switching
- Optical cross-connect (OXC) system
- Lambda switching
- Fiber switching
- Photonic cross-connect (PXC) system
- Lambda switching
- Fiber switching
- Ethernet switch
- Port switching
- VLAN switching
« TIHDHERIE. IP routing DBEEIXF>TULVEWZELREE
- 2TO#IBD switching table (Forwarding Table) %. RSVP-TE TEXTE
AIREIZT %o
- RYrT—HrROD—(&)Y—R)% IGP (OSPF, IS-IS) TIRET 5.
- HlEHERE(PZFIA) CEREMREGEIP/ Ty ) D7 B
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MPLSEGMPLSD &L

MPLS GMPLS
- VY FUDH(RFC3209) « Y FYLY (RFC3471/3473)
o —AM[ MBI YICHIG o WAEM
o AVIRUR ERZBIHE | 0 ForATAUR
o RAvFYT | 0 RAYFY
" ad 5 — - Packet/TDM/Lambda/fiber
O ERE/NTA— s o= y__
- g —E1B(Generalized): = &.E;\:j;ﬁ;’;
- s

- IVA—TaVY

O Fast reroute WEULUISHE, 0 GMPLS e2e

. }b—?»{)ﬁ(RFC3630) . )L—7_'4>7(RFC4202/4203)
o PRLX —#{E(Generalized), o PRLR
o i O s
o 0 RAYFUITREN

o Iva—Tq49

() 7"*
H LTELEDID. . . KDDIFFER: A ABEEDELDEY
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’ GMPLSDZ&EZ A

ra'_T{_,aJ;ul.l?lf

+ IP/MPLSIL—AR D1 %R T -0 DMEBIVHDRTEE.
IP/MPLSIL—R2 X B TEHEIT SH=-bDY—IL,
- MEYH
- Ethernet, SDH/SONET
- HDEEEE

- Ethernet Switch
- SDH/SONET Switch (XC)
- OXC/PXC
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+ IP/MPLSIL—2% 8L, {mEMFI IR (Layer 3, Layer 2,
Layer 1D ZFEH#ID) [THLT. REDOHFELREZE-T-
E§8//3X% . on demand 2Rt B=HDY—IL,

- On demand Private Line (BE2F#R) service
- On demand Virtual Private Line service

- On demand Virtual Private Network service
- Layer 1 (L1) VPN
- Layer 2 (L2) VPN
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Y, Agenda

+ ASONEGMPLS

+ MPLSEGMPLSD B R &ET-MPLS
+ ASON/GMPLSO I H ##EER
+ ASON/GMPLS O FAHI
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s ASON

ra'_T{_,aJ;ul.l?lE

+ ASON
- Automatically Switched Optical Network
- ITU-T A RELEHEE
- H—ERBEREFH{ ->RYNI)—I7—XTHOFv—>TORLE
REHE-TOrLARY Y- E ERR
- bWFEYUTTO—F
- Heterogeneous HRyrI—VREZHETE
- AP EREREBREE, EOLSLETOrLEFIALTLR
(Y

- |ETF A$IE T D GMPLS OFOrIJLEEELASONAE AT EE

- OIF (Optical Internetworking Forum)T, {4 RE
(Implementation Agreement)&HEEHEER

- {EEHEDIntelligent{b A HIE
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KEID UNIVERgT,

GMPLS

+ GMPLS
- BFICIE, IETFHABHE(LL TS GMPLSTAMIILEDZE

GMPLS7—FTUFvElL Vo= &ICIE,

- IP/MPLSIL—A M EHET, IP/MPLSIL—EEE L. IP/MPLSIL—EH D
GMPLSZAra/LTHIHESh ACGMPLSH i {EE R LTRSS
IP/MPLS#8% 359

IETFANREE(L ZHEHE
- BREH-VY)a—Sav(Faraliti) ~REERERE
- REBIZIK,. FHOV) 21— avREICEELT., HtDor £257aVtY
HJRELTIBELAHRETHELZ
- RhLTYF7TO—F
- HomogeneousHERrybI—YRIEEEE
ISOCORE/PIL ECHEESIEZRET

IP/MPLS#~ DRI FIE) V2 St B 12
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LEHEDT7—XTIF¥

o BRAEBRITORYEI—HOFETIL
- C-Plane/D-Plane/M-Plane® = Et&rk

Control Plane

CE

Data Plane
e
w\ gow | | !

% D-Plane [& T-Plane (Transport Plane)&HFE XN FE T,

CE: Customer’s Equipment, PE: service Provider’s Equipment
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Control Plane Interfaces

Provider C Domain

UNI
Provider A Domain
. ‘ E-NNI
Provider B Domai
JE-NNI I-NINI
. Provider B’s
Provider A has divided ek G 6
their network into multiple single domain
| : Internal domains (administrative,
E:External 7 vendor, technology,
A «" | political, etc.)
g E-NNI <4 | UNI: operations between user and provider domains
% ; s p p
S Domain A | E-NNI: multi-domain operation for a single service provider;
";,.. I-NNI b multi-domain operation among different service
providers
e, . J I-NNI: multi-vendor operation within a domain
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(E10 UNIVERS T,

UNI/NNI&E(E
& (ITU-T Recommendation G.805)

o PEEIFID(M)-Plane DB EH/EEI+—< v E RMITHEREIL,
IREE(L. C-Plane®InterfaceZE m IR #E1E,
+ Interface: $lHx B D HREBMLEFREROT-LD
- il ROBEELREER
- RP|SILSFHOERNOCHEREZRTE
+ Common control interfaces
- User-Network Interface for the C-Plane [UNI]
- Network-Network Interface [NNI (I-NNI/E-NNI)]
+ FxFTAZB(intra-carrier) EX+ TR (inter-carrier) ETHE
ESNOBEENRLGSHZEICEBLTHE
- A—FvJ7ATHL RUITASURPEBRRSOBERT.A
EBIZE-NNINFET B,
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UNI/NNI&ETF ()

+ UNI: REREDIFRIZBDOAITS
- BEiREDBMHMETFLADIIEL
- EHERICHT HEREEHIE
- BERERAVE—D DX

+ E-NNI: X{EREDOHERIZBLD AT

- Routing Reachability : summarized network address
information

- ESER(CH I BHREHIE
- EGERAVE—S DI
+ I-NNI
- MRAS—/IV—F T ERD I
- BRERAVE—D DX
- BDYY—REEEITI-HD1EHR
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KEID UNIVERgy,

ASONEGMPLSIZEITA
C-Plane IFDELY

+ ASON : Heterogeneous
- UNI/I-NNI/E-NNI &%
- UNIEI-NNI RG> 1=Fara/L TR
- I-NNIEE-NNI[FREE->=Fara/)LTRLY
- UNIEE-NNIE, IR THNEHOTOMILEZTETS

+ GMPLS: Homogeneous
- I-NNIIXGMPLSZFOba)L &
- UNIIZE. I-NNIQY Tt yhk
- BR7ZE-NNIIEEZELL LY
. ;-J\zIDNIl:d’SH'Zamulti—area, multi-AS DHERHASEHREE-NNIIZ
o
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ASON/GMPLSHB—4 5wk ET 5
HAGZEFHDH R

o PEEBDNTER
(for Telephone Network Backbone)
- FAE 3= T ISk SRR YT —2
- EhFIfEID NMS [Z&H B - HfE

- Centralized Control Plane (C-Plane)
- Centralized Management (M-Plane)

o FTEHAOREER

(for Data Network Backbone)

- BIN/EENERYNT—H
- Distributed C-Plane
- Centralized M-Plane

INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 17

KEID UNIVERgy,

VAT AL N
PERBEDRYET—Y
(Telephone Network)
+ Network Operation Center (NOC) [ZERBE &M /=, Network
Management System (NMS) HhoDEhMZIER S EE
- ERELFIELBA TERME
- IZ5—LA% BV, EEMAIRE
- BFEGTOEDCa= T B, 8 V—RXDRBEL D 1= ORI Al (X R
- C-Plane&M-Plane M BAFEL R S IEFEELLZL
> £TOEMEE. PRONMSH 5B
- Ry—3E)T1IZHIR
- ARVIBEROKRBIEES. HEHEENFBRERELS
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R YET—2

(for Data Network)
+ Intelligent }4=ZEH# (ASON/GMPLS)

- M-Plane (NMS) & C-Plane %47 Bt
- EEDOBEIEE (Self Inventory)&, BHEEE D BEHEZHE (Neighbor

Discovery)
- L—T4V T BROMRAOC—FRO S E A
DTFIVTIZ&BARIIIAVERE
. EEJJEH’F Rr—57 )L, OANNR+, $hE{E

Control Plane (distributed)

o]

7= N q—

Data Plane
=/

o
o
W "

<
gaﬁ P|aJI;IS (monitoring)
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5 =G —EXRVSADEA

+ Permanent Connection (PC)
- BBLOEEREEIOEDI=UT TSI ETIRERHE,
- FRE A=yl NMSRIIFEHRETITHhN %,
- Hard Permanent Connection EME[EN B2 L8485,
+ Switched Connection (SC)
- C-PlaneDiim D& {EIZ&>Ton demand Z/3R &1,
- YFFYYFTaraNIzE- T EBAETESI D,
+ Soft Permanent Connection (SPC)
- CELPERIZPCERTELTHEE. PERID /IR T AVRREEL T FI 5 TRk
JLIZKSTITISET/ARZ 1R,
. %___Ig{b\g,g)ug;EXH:pm‘;c‘ IRADES%E on demand [CEET 5S¢
A HEo
o Y—ERVSABOBEELGERIE. ARV aVEERH
- PC:ARL—4XE
- SC:a—HFE
- SPC: A—HEXE+FRL—EF(RYFT—D)RIE
- Bl FHLEEBRIC. RYbT—I0EHAEEZEELTND
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< Permanent Connection

ra'_T{_,aJ;ul.l?lf

+ NMSHSEEFEENF-Permanent Connection M)l

M-plane M-plane M-plane M-plane

A A A A A A A A A AA A A AA

\ A Al YyvVYyYYVYY YyVYyyVYY VVYVYY

D-plane D-plane D-plane D-plane

C#1 Provisioned TN#1 Provisioned TN#2  Provisioned C#2

Permanent Connection

C: Client Network Domain
TN: Transport Network Domain

INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 21

}(EID UHWERS”\r

& Switched Connection

ra'_T{_,aJ;ul.l?lE

+ Client domain @ signaling®b&&E&h f=Switched Connection Dl

SC initiating domain

Switched Connection

C: Client Network Domain
TN: Transport Network Domain
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& Soft Permanent Connection

ra'_T{_,aJ;ul.l?lf

+ Management PlaneM5E&E Sh f=Soft Permanent Connection D4l
- C#2 [XC-plane ZEEL DD PC #IN#2¢L D THRE

SPC initiating domain

Viplane > ¢ Hplane
W W N

D-plane <_D-plane >

C#1 TN#1

Permanent Connection Switched Connection Permanent Connection
Soft Permanent Connection
C: Client Network Domain
TN: Transport Network Domain
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KEID UNIVERg

ASON Press Release from ITU-T
(4 December 2001)

The 40Gigabit per Second
Phone Call:

Global Standards for Automatically
Switched Optical Networks Enable
New Market Services
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] Drive to
¥ & Automatically Switched (Optical) Network

ra'_T{_,aJ;ul.l?lf

+ Make the network intelligent
+ On-demand bandwidth to the edge of the network
+ New applications
Disaster Recovery )
Distributed SAN (Storage Area Network)

Data warehousing
- Backup Bunkers (no more tapes)

Big Pipes on Demand GMPLSHE T
- Download movies to movie theaters c=BlFRL
- Site replication
Optical VPN
Grid Computing )
INTERNET WEEK 2006  Copyright 2006, Satoru Okamoto @ Keio University Page 25
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Optical Control PlaneZ &8 A9 3¢
el NDEBIZRZZA)vbk

+ Auto-Discovery & Self-Inventory
- WBERITEST-EMEL /—R/)V/R—MaEHR. MR —1ER.
H—EXEHRD DB HiRftEnd
+ Dynamic Provisioning and Service Activation
- UTNLNEALD))—RERIZE DU -, SR EIHREEE
- User-Network Signaling %> Customer Service Portal 1 60 [H]
%%EZE&-U- t %
+ Traffic Engineering
- EROPRILE)V—AERAMED R L
- IR H—E X RGO #84E B 2
+ Protection & Restoration (P&R) for Mesh
- WOIEFEMEDM L&, CoS (class of service) DY R—

- UPSR (Unidirectional Path Switched Ring). BLSR
(Bldlrectlonal Line Switched Ring) 20X C#if=%: P&R DA

vavhBEmEnb
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%,,j Management PlaneDf§ 51t
mwTraditional 0SS EEEEesssssmmm——)> NG 0SS

Service Accountinh\
Inventory Assurance & Security

Customer H Fault ’ Billing
; ; Admission
Assignments Correlations [ Facility ] (Exceptions] [ Control
Facilty Moo )| | e ) (e
WHEDE=4 '

Resource
Access Cntl.

NG Optical
Control Plane

1| I

Transport Network | Transport Network
INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 21

KEI0 UNIVERg T,

Optical Control Plane Goals
Ax)

Management
Plane

’
4 /l
’
/ Metro

’

e Core

\\TMF-814

10/100bT

Ethernet
OC-3/12/48/192

STM-10/4/16/64
Fc
FICON

KRENE, RILFARUS  TILFFr ) THREEGORE

Ethernet&IP over Optical [CkBHFf=AY—ERIZH

L= EF(IZEnd-To-End DY —E X%t (Just in Time)
Eve Varma etc. ¢ FJ‘4>FE'1§E§OT: SC'U'_EXG)?E#{:

ASON/GMPLS Optical
Control Plane Tutorial
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IP over Optical Structure

| IP |
IEEE 8022 LLC ‘ IEEE 802.2 LLC PPP AALS
A4 y A 4
[rRPrRMAC] [ Ethernet MAC ] Ao [ AT™ ]
RPR PHY I 10GbE 10GbE GbE
LAN PHY| |WAN PHY PHY
v v
GFP
SONET / SDH
v [V [ ¥ v v
G.709 OCh (optical channel)
Optical fibre / G.652, G.653 etc.
RPR Residential Protection Ring
HDLC High level Data Link Control procedure
INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 29
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IP over Optical Network 7 —*T9F ¥
Peer Model vs. Overlay Model

+ Peer Model
Control Plane A%, 75y ERycT—5
. ;’EL)\L)—’;‘!& Optical Network#2&(&. xt<§ (client/ serverT
=S

. (&?Lp_lcaﬂrﬁJ "i??b%ﬁ%érwNE (Network Equipment) ZLSR

+ Overlay Model
- Control Plane M BEBMGERYENT—H
- IP JL—A[Z, Optical Network @ client
- UNIZ% Client & Server OREICE&HZT %

- Optical Network @ client [&, IPJL—2&IEBRESNELY,
- SDH box, ATM box, Ethernet Switch ...
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Peer Model
Same Control Protocol: i.e. GMPLS

|-
(f", BRg
5 gLapio®

+— |IP Network —»«—— Optical Network ——«— IP Network —»

I

]

C-Plane < GMPLS GMPLS| |GMPLS| [GMPLS| |GMPLS GMPLS GMPLS GMPLS

+ Only one C-plane

+ Inthe C-plane network, IP network element controllers and

Optical network controllers do not have a client-server
relationship.
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Overlay Model

IP network Control Protocol

/ Optical network Control Protocol\

«— IP Network —s«——— Optical Network ————{«— IP Network —»

I

C-Plane <|GMPLS GMPLS GMPLS GMPLS
C-Plane éii) <Z:>\
r'q
C-Plane {{GMPLS| |GMPLS| |GMPLS GMPLS Inter-layer signaling protocol

e.g. OIF UNI signaling
+ Multi C-Planes.

+ Optical network control protocol can alter from IP network
control protocol.

- Itis possible to adapt centralized management system.
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PHEESLBDAF3—)—F 5

+ Peer Model: IPJL—2&EOXCHIC-Planel=E L Tpeer

) GEARZEE D,
- ;Ju':gﬁ|7<1o)’l‘%ﬁtlpﬁmw'ﬁﬁ’é%ﬁﬁl:#&ié;’)l:?éﬁ%ﬁ

- ARRNOREEEZIPRIZHMS. HELEL,

+ Overlay Model: IPRIIHEBDHISAL Tk,
- IPRRTOIL—FT /T FIT EARBRTOIL—F 2T/
TFIT1EA
- IPREABOBDARITTAAUNDIZKYEL A DC-Plane
BT o8—7—%25,
- RBADOREEILZIPAITASEL, HEHELC,

ELLANBELTLSN L, DENSTRESD,
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ASON & GMPLS OZE Z A NDELY

+ ASON : XY —ERFRHTH-HDFE
- Provider $gH 548
- Provider DI vk, XC, OXC, PXC %

- Client #§1% 1P#8%
- Client #§OxTv %, IP JL—4  XC. Ethernet SW %

o GMPLS : IPY—ERXRZ#RHTH-HDFE
- Provider $8A%1P#E
- Provider 8O ITy P&, IP JL—42
- Client (% 1P
- Client 8O Ty &, IP JL—4

ASON vs. GMPLS (&}t X!
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KEID UNIVERgT,

ASON hH¥Heterogeneous
THHEDHEFH

o RUFBEHH — FBAAIX. Fr)T7EA~HEKATHE
- RUZBA(-NNDIE, ROFHMBOTOM L THRHREERT
- GMPLSC®»%E{THRLY
- OSl base ®Z7akajL
- ATMOFIfZFakalL (PNNI)
- RUSABRI(E-NNNIE, BETORLEFATS
- GMPLSZ##IAYT S

Copyright 2006, Satoru Okamoto @ Keio University
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ASON Architectural Principles

Interfaces
UNI E-NNI UNI
-+ Froider A B3——L0  rrovider 8 DI
/ \
\
/ AN
. , N
UNI enables // Provider B N
+ Client driven end-to-end service / E-NNI ™
activation g Domain Al Domain A2 m
* Multi-vendor inter-working vendor x_ N vender ¥
* Multi-client

— IP, Ethernet, TDM, etc.

« Multi-service

— SONET/SDH, Ethernet, etc.

+ Service monitoring interface for
SLA management

Eve Varma et al.
ASON/GMPLS Optical
Control Plane Tutorial

INTERNET WEEK 2006

E-NNI supports:

* End-to-end service activation
* Multi-vendor inter-working
* Multi-carrier inter-working

+ Independence of survivability schemes for each

domain

Copyright 2006, Satoru Okamoto @ Keio University
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ASON Protocol Neutral Signaling
Call & Connection Separation

+ End-to-end IZEESNHDIE call (GMPLSTZE LSP)
+ Call [ call Segment h RSN S
+ £ Call Segment [&. connection >RSI S

+ % connection DEREIZ. GMPLSTAr L ZERATIES. &
connection I% LSP kVYigrkEh 3

Connections
Domain n

Domain 1

CCC-z

AGC
UNI Sub-network E-NNI Sub-network UNI
Call Call Call Call Call Call
Segment Segment Segment Segment Segment
Eve Varma et al. Connections
ASON/GMPLS Optical LC SNC LC ‘ SNC LC
Control Plane Tutorial
INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 37

KEID UNIVERgy,

ASON Protocol Specific Signaling

+ ITU-T Recommendations for ASON signaling protocol extensions Approved
March '03

Rec. 6.7713.1, DCM Signaling Mechanism Using PNNI
Rec. 6.7713.2, DCM Signaling Mechanism Using GMPLS RSVP-TE
Rec. 6.7713.3, DCM Signaling Mechanism Using GMPLS CR-LDP
. %[:;’TF base GMPLS signaling protocol RFCs Approved by IESG, published Jan.

RFC 3471, GMPLS Signaling Functional Description
RFC 3472, GMPLS CR-LDP Extensions
- RFC 3473, GMPLS RSVP-TE Extensions
+ IETF Informational RFCs con‘rainir&g ASON GMPLS signaling protocol

extensions (aligned with 6.7713.2 & 6.7713.3) and IANA Code Point
Assignments Approved by IESG, published March '03
. ]ICQFC A3§C7)?\l TANA Assignments for GMPLS RSVP-TE Usage and Extensions
or

E\FSCO ?\1475, TIANA Assignments for GMPLS CR-LDP Usage and Extensions for

RFC 3476, IANA Assignments for LDP, RSVP, and RSVP-TE Extensions for
Optical UNI Signaling

Eve Varma et al.
ASON/GMPLS Optical
Control Plane Tutorial
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S BT DAER

o RUABEHE — BERAAIX. FYUT7EA~TKTTEE
- RUSABR(-NN)IE AUFTMBEOTAR L THEEHT
- GMPLSC®%{THRL
- RUSBRB(E-NNDIE, ZEZETArLEZFIRTS
- GMPLSZHIAT S

o NUEDGEIE
- N BE—H OB TRETELZLD
- I-NNIA'GMPLS{E

+ 2EGMPLSEFAT S5, MM SASONL»ELGMPLS THZEER
FARETIE?
- EHEGMPLS—HEBEGMPLSIZEST RUS BB ER
-« *ﬁju I"j)bb{ﬁigo oo0o0
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ZEZERLTWSEBOMEER

RFCs

Recommendations / GMPLS
}profocols

IET F
TV;{"SPO""' ASON architecture, >
architecture nts, pr'o'rocols A

Ethernet
Solution Sets Services

Standards and Industry
Forums

Optical ControlPlane }  (  AAEE= N\ g
ITU-T Q.12/15 S|gna"ing

ITU-T Q.14/15

IETF ccamp WG . for .
IETF pce WG Technical Ethernet Implementation
IETF is-is WG H 44 H .

e Specifications Services Agreements
IETF rpsec WG
OIF Arch. & Sig. WG

OIF Interop WG Eve Varma et al.

OIF OAM&P WG ASON/GMPLS Optical
TMF MTNM Control Plane Tutorial
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ITU vs. IETF vs. OIF

0o

+ Different focus

- ITU focuses on architecture
- ASON architecture

- |ETF focuses on building blocks
- GMPLS protocol specs.

- OIF focuses on applications and interoperability
- Implementation Agreements (IAs) and Interoperability Test

Events
Common goal: better optical networking

Recognized need for coordination

L. Ong, “Optical Control Plane Activities in
IETF and OIF”, ITU-T Workshop on IP/Optical
Chitose, Japan, 9-11 July 2002
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ZEL B DhER

Requirements 1999/2000 MPAS: flat “peer” model,
data/signaling congruent, IP only, data behavior
l (e.g., connection tear-down w/o request)

2001: Carrier requirements across IETF, OIF,
and ITU-T re need for support of commercial
business & operational practices

2003: Evolution of GMPLS signaling protocol,
used as normative base for ASON extensions

2004-2006: Ongoing communications among all
' three SDOs on requirements and protocol work

Protocols

Goal - Evolution towards convergence
of requirements & protocols

Eve Varma et al.
ASON/GMPLS Optical
Control Plane Tutorial
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] . JOrWET—FTIF v

m4*\5“2‘€£:S\Con'rr'ol Plane O#gEIXTORaLIZE>TEESIN S,
- BES7—XTFx (ASONEGMPLS) [2HLT,. HF
Rigor=FaraiLn—YhAaEahahsd,
o BIEELBEBELS, IR—VET—XTIOFHREESNIS,

Eve Varma et al.
ASON/GMPLS Optical
Control Plane Tutorial
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HFRECHEATORYBE AR THE

Control Plane Specifications

Architecture Signalling Routing Management

IETF RFC 3945 RFC 3472, RFC 3473 RFC 4202 GMPLS MIBs
RFC 3946, RFC 4208

ITU-T 6.8080 6.7715 6.7718
6.7715.1

OIF UNI 1.0 ENNI 1.0
ENNI 1.0

TMF  TMF509 TMF814

Eve Varma et al.
ASON/GMPLS Optical
Control Plane Tutorial
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ITU-T/OIF and IETF

Signaling Protocol Differences

c Additionally specifies

5 onsistent ] detailed usage of

ITU-T 6.7713.2 g - selected options in
protocols

\ )

Both utilize signaling protocols defined
In IETF GMPLS RFCs

o YTFVTTOrVIZELTR, [XIER—
Same RSVP-TE PATH/RESV processing
Same RSVP-TE refresh mechanism
No change to defined RSVP objects
- No new messages
+ ITU-T/OIF & IETF ASON/GMPLS TEZHNGESH
New “call”-related objects
New C-Types associated with UNI and E-NNI

Need for usage of ResvTear/RevErr Eve Varma et al.
ASON/GMPLS Optical
Control Plane Tutorial

INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University fage &
— Signaling Protocol Interworking
y Scenario

amic signalling and routing control over OTN/SONET/SDH network
+ Dynamic signalling for Ethernet services using ASON Interlayer architecture

ITU-T/OIF IETF
- 4 - N
/OIF Provider A OIF ProviderB\ Protocol Provider C IETF
UNI E-NNT o0 i/w ) UNI
B ‘I—l_‘ - ‘_|_Q ......... s—
OIF Signalling EES 2;:(3)2
based on G.7713, RFC 3472
6.7713.2,6.7713.3 RFC 3473
Ethernet OIF ENNT routin RPC 3946
services based on based on G 77159 RFC 4203
6.8010, 6.8011, G 7715' 1 '
MEF.10 ) )

Eve Varma et al.

Example AsovewrLs optica NIV RALF—T SR
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Y, Agenda

¢

+ MPLSET-MPLSEGMPLS
+ ASON/GMPLSD#E B E45EER

+ ASON/GMPLS® & R
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& Transport-MPLS

ra'_T{_,aJ;ul.l?lE

o ITU-TTIRELLER
+ ATMORDHY
- L2E&T7T)r—23 LT LUIRET B1=0DY—IL
- ADSL, Frame Relay 28U T ATMIZ#5HER &
- ATMEBSRZ#MPLSAEB#LTLK
- INTYRR=RDFXv)T7J L—FaER R
- Pseudo Wire Emulation Edge to Edge (PWE3) M F{i{miE

#
- ITU-T MPLS OAM

- Bi-directional
- GMPLSED BRI
- L4415 £ELTDH MPLSH flr
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What is Transport-MPLS (T-MPLYS)
G8110.1 revised in ITU Ottawa meeting —19-23Jun06

+ MPLSDD-PlanelZ&DU\f=, axyiavt ) ToTyRG /NNy MEE
iEE S R0
o ITU-TOBBIERYN =07 —XTOF v RAIICEBEGZ/ Y ERET
TV —2av(EE LR
+ T-MPLSLA¥#IL. V547 rE T-MPLSD C-Plane#@ &3 L THE
AT 5IENTES
- COMITEIX, ANRMNENTYMEERZFHRETLT. BEEDLSEY
DERETHIDITBHELRERHEZRIVN T —IARL—RIZRHETS
o T-MPLS FL ALK, BIEDISATURTEVIZATEEERRETHD
- R
o BRBIZ.IGEEDEOHDOIRI I OBREREMEITRER SGSATEEMEMN
=LY, ZDT=HT-MPLSIZHERDIEERMNF->TUOV4FHE. HlZXT0
T3 POAMBEREZTRY AT

T-MPLSIZ, 2006411 AIITU-T Recommendation&EL THREFE
INTERNET WEEK 2006  Copyright 2006, Satoru Okamoto @ Keio University Page 49

e Penultimate Hop Popping (PHP)
e Merging

e Equal Cost Multiple Path (ECMP)
 Control Plane : MPLS
e Frames re-ordering

IP/MPLS < Wj
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& T-MPLS Data Plane Mapping

| Layer 3 (IP) ||Any Layer 2 protocoll| ) |
| MPLS tunnel PWE3 }—‘
[ MPLS control plane [ PW signaling
T-MPLS tunnel
ASONIGMPLS control plane —I
SDH |l OCh (G.709) | 10 GE
1 ASON/GMPLS control plane 1
Optical fibre / G.652, G.653 etc.
INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 51
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E: ) L
s T-MPLSDIZ 4L DK
ra'_T{_,aJ;ul.l?lE
BRELF BREERT/IREF
+ Data-plane mapping + Data-plane mapping
- for Ethernet point-to-point - for IP/MPLS and other L2
connections clients
+ OAM - For (M)P-to-MP connections
- ITU-TY.1711 + OAM extensions
- MPLS OAM - ITU-TY.1731
- Ethernet OAM
+ Linear protections + Ring protections
- ITU-T Y.1720 + Distributed restoration
mechanisms
+ Control plane
- clear trend towards centralized
management and GMPLS
+ Management plane
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¢

¢

+ ASON/GMPLSO# H &4 EER
+ ASON/GMPLS®) & A5
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& Agenda
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+ PIL (Photonic Internet Lab)
- JGN LR L 2004
- iPOP2005
- iPOP2006
+ OIF (Optical Internetworking Forum)
- SuperComm 2005
o FWFALBA—T SR
- ASON/GMPLS network domain interworking
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"%%j Photonic Internet Lab. (PIL)

o 20024FE%L
- NTT,NEC, B . EL1 . ZFEH#. HESK. & AIEL.IP
infusion, EEFEXZ

- REFKRTA =y oRY T —HH B T DB
- GMPLS & GMPLSHE3R

- FOba)LRE, BEEE. BEL

PIL

Fi
f L_-— Photonie Internet Lab.

INTERNET WEEK 2006  Copyright 2006, Satoru Okamoto @ Keio University Page 55
40 VNVERSy 2004/1/26-27
X FHEVRRINT—DLROILIZE
> 113 PIL GMPLSTE

4 PIL

& Photonic Internet Lab.
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y, T ERER

& ﬁ?fif7 W g—q2

GMPLS# (s Vwoii—>)

/EEL ;
Luﬁm' / HIKRARI
MPLS)L—Q\'

IGbE

IP/IMPLS #71 s

MPLS/L—#%

GMPLS

-5 |PIMPLS#52

(XRO) UBLL : ot 3 (XRE)
. XEHPH
wyon ) § nEm
2 PIL
/“,‘_——— Fhotonic Internet Lab,
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KEI0 UNIVERgT, ] 2005
. IPOP2005 o\

W& 2005/2/21-22 TFT Tokyo, Japan ALA -
o\? ?’5 iPOP 2005 Showcase Network
1P+Optical Network y/ f"',‘m ISOCORE

= = GMPLS network in USA

Cisco
— )

—conersoy | GMPLS network in Japan

Avici Clsco
Ethemet
= = =irual data link ISI ISI
— Y

-
p— NTT-AT TOYO = ’ x Jumper
o U . _ _’./ /_/ - éycamure \ P
ngen® f GTEP _.—" o . :
_ N e ke N\
= - v g -
Fujitsu . — ] —
NTT 2
‘ R

MPLS networ

KOO\ icer

KDDI R&D LABS ‘.;:3 ],/

$  mTsuBISHI
AN\ ELECTRIC KDDI
sYCAMORE &= | =) <2
NETwo R s Furﬁkéwa Fuiitsu MEC KDDI FUJ ITSU

e FURUKAWA ELECTRIC =
e . HITACHI "
;Ysl,gls R REBT7-0 FURUKAWA ELECTRIC  Inspire the Next mg,l}.mper N EC
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IPOP2006 ¢
"% @5 2006/6/22-23 Meiji Kinenkan Tokyo, Japan \
e IP+Ontical Netwerk
2006
2> IPOP 2006 Showcase Network
\ PIL
M 78 .&e® [SOCORE
240G SOMET/SDH OSPF Area 0 MPLS network in ISOCORE
& GbE Dual Rate Juniper Agilent
246G SOMET/SDH KDDE#1
_-'-'-""_'_'— -\_"‘"\-.__ M
-~ =~ GbE {or Ether) Link B = —— ’_d_,-—""f’
Sycamnr:;_g = OSPF Area 1 Fuj'ns'u'; ,—--""";F,
DR O=D
E@": W 11111 ’ ", "-.!
: IONTTEY NTT#E - L
MEC#1 LZe 2 =4 NTT#2(ABR)
I HDADM‘ """"" MTT#1 a.‘Egj ) : ROADM ) Fujitsu #2
C  (ABR} y | Mitsubichi I_,f" 4 ’
/ /%d Nnmm_ ‘;"'l mﬁe UFumsu#I 7 \CIGTEa!\-
KDDRE3 K - (ABR) iaUniv
' w @ ﬁJunlp&r#E
Toyo*2  juniper# MPLS W CRS MP Toyo#1  KDDHEZ
a2 wans ST
OSPEArea2 jcatel|  Redback el HM
= NTT IP Dptical TE server
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SuperComm 2005T®OIF
World-wide interoperability demo

s TEME
- HRBD7X )T H A ESuperCommEIBEERFHEL T,
D7 ILEA LIZ GhEE#R DR EFRE R
- Lk AT&T, Verizon
- B Deutsche Telekom, France Telecom, Telecom ltalia
- 7¥7 China Telecom, NTT

- ASON 7—*%T9OF v
- Ethernet over SDH/SONET
- GFP/VCAT/LCAS

- UNI (Ethernet Layer) & E-NNI (SDH/SONET layer)
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MA-USA \ - i _
\ g | ¢ China
% \ : \ i ' /
\ s J o /
1 T TR | L et NTT Pras
m \ | Berlln, I/ ®n&ouna¢mc g :;
Middletown, g | Germanyy =
NJ-USA \ Torino. It |)) ! / E‘ Eg
S \\0 no, ftaly, II / _Musashino,
RGN \‘ ............... LI R P
N \ T . -~
SuperComm 2005 2
booth L 2
e, 2 N/
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OIF Interoperability Labs

? iNr;qﬁgc?)E

AlLannion,
g France

gl

~, Beijing,

p‘.Elo U“\'EH&M

v

ALCATEL

Cisco SYSTEM S

|-
{;, BRg
s gLapiot

LAMBDA

OpticalSystems

~#arconi NEYRTEL

INTERNET WEEK 2006
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Vendor Participants

YICIl ciena

SYSTEMS

W

o2,
FUJITSU

HUAWEI
.:cll Labs Innovations ‘!]vsltﬁ)lr-ll(i,.

ﬁI:AMDRE

] E T w O R K 5

"Ttellabs’
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Control Plane Features

G1""":"(i£thernet Carrier A Carrier B Carrier C Ethernet
Client Domain Domain Domain Client
OIF UNI OIF E-NNI OIF E-NNI OIF UNI
: Ethernet SONET/SDH Ethernet :

UNI-N UNI-N
UNI-C UNI-C
Ethernet Layer Call/Connection Flow

> >
> P
& < <
< < <

SONET/SDH Layer Call/Connection Flow

»! »! »! q

—| P 1 1 P
< < < <
[ < < < <

A4

+ Major innovations demonstrated:
- OIF UNI 2.0 support for Ethernet clients
- OIF UNI 2.0 call control based on ASON
+ UNI-N devices integrate multi-layer functions of the control plane

- The clients and the remainder of the carrier network are not impacted,
since they are only concerned with one layer
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OIF Interoperability Demo
Architecture

Client UNI2.0

Ethernet

Carrier
domain

UNI2.0
Ethernet

UNI: User Network Interface
I-NNI: Internal Network to Network Interface
E-NNI: External Network to Network Interface
MSPP: Multi-Service-Provisioning-Platform

Client
. network
B
Client
network
F
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Global Topology
/

O Europe
Alcatel
Ciena
Avici Deutsche] — gcq
Fujitsu I Telekom Marconi
Sycamore Lucent
<
France
Telecom
Avici
Marconi
Ciena ’ Sycamore Avici
Huawei Alcatel, Ciena, Cisco, > Cisco
China Fujitsu, Lucent, Mahi, Telecom Huawei
Telecom J Nortel, Sycamore, Tellabs \ Italia Lambda OS

Q

22:00

INTERNET WEEK 2006

A

Marccy

D

9:00 15:00
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OIF7—X

S - 8 A

OIF lHanll lmnmmum NTT
%mr ‘e"F 7 “rﬂlmm. &mm @

limlm:mnmnumnmmmmnlmnumhn s

Ao—<yd
7 AICL ciena W nir &@uﬁm Thu 11:10:35 PM
e O @k ﬁﬁmul NGRTEL mm Ry

NTTH 4 ~DBR{ZD I

Mo B30 P
e, Jaly

AT&THALDETHA  VerizonhbsDET74
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Live Demonstration
Deutsche Telekom © NTTIN-T

e () (e Aic

Eod / VLA

=9

Eos/ VLA

e p.
£y | COUMUMEATIONS
| ¥

I’llllv MCATIONS.

ATT CT DT FT UTT TI ¥

e Jun 7 20:46
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Active Frobes: ATT CT DT FT NTTTI VZ

Deutsche Telekom

- - ¥ 1G M Ethernet
e o Call [ZxLT.
e 7ARDSDH VC
call (150 x7)
MNERINT
W5,
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. Bd . [FWMFAREA—T IR
e MAEBEGERET XTI —T

FrSURR— DT O—/NIIVEREEFEORE
535F ) TR/ ASEAU27x—X(E-NNDIZER
Y. BRROHFME X RIFARL. ERRENRE
+ HRADOGMPLSOLEFEHREEREA—T Ak
(BEHEGMPLSIREE/ B EGMPLSEISEO— RS ) DAk
+ 2003~ OFOTzHb
- PJ1: 2#¥EGMPLSHE E #EHE £ #REE (C-Plane/D-Plane) 7AY /7 +
- PI2. ¥ v ) 7HIEGRDEA VA T7A ARERIETOS I+
- PJ3. ¥ v ) 7HIEGRREA VA TA RABARRIETOS I+
- PJ4. Nation Wide GMPLS#B#EETOS ok
+« KYFLULMERRIZL. http://www.khn-openlab.jp/bunkakai-gw/
kokinonet/sousetsu/index-j.html

2

§®m VoiDE NEC Fujisu & wsms NCT }

M KDDI RAD LABS
L nx_\u\o‘a
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PJ3. ¥ 7 EliEimAIEA 27 AAFHFK
HIAu D%y

+ GMPLSEAR—X &L= Inter-Carrier E-NNI ZARaJL
- ASON E-NNI Signaling
- BGP #i5& routing

+ GMPLS - GMPLS, ASON - GMPLS

- ASON UNI & GMPLS UNI @ interworking ‘ v
GMPLS/ASON Network GMPLS/ASON Network
for Carrier-A for Carrier-B
UNI UNI
- psc ) (_psc_ )7
(PSC) | [ L2SC Y\ /_L2S8C | (psc)
| 7 IDM_ ) / TDM ™\ |
] | " | ]
(L25C) LSC/FSC E-NNI LSC/FSC (L25C)
i o ] o —P
| X ! |
o %‘:J/ o LM
ﬁ/{l/ N — ——)
(seh \___ J sc
FSC) OXC/PXC FSC)
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Overview of the Field Trial Network
(Jan. — Feb. 2006)

—— GDbE Link(s)

Kanazawa

&

Fukuoka Fujimino
L

I RAD LAY
usashino

®© nrT

\ Otem ac_hi

% |Kei-han-na|vokosuka &

MNCT  |500km © wrr
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Detailed trial network configuration
(Jan. — Feb. 2006)

: 87 Otemachi
Dojima

B e o
JGNT __}::g
ICTASON Koganei Otemac
ASON (| ASON — N 7
UNI UNI @ ASON
@'7 \_ PXC |||GMPLS ASiON
L—TTLPXC GMPLY E-NNI PXC
= IGMPLS
I t-@ 4+ PXC s
@ @ “ GMPLS I I
A UNI GMPLS GMPLY
e P Ll Router Router
GMI!LSN’C T_GF'ZA;CL 3 \
XC I ]
:G'\QE'-S GMPLS AS%%TTPLC m ) a [Fujiminp
GMPLS UNI N -
xc | GMPLS N \UM J_ v@ NTT Mown
. 5 KDDI R&D LABS
\Kel-han-na - - *!J ru Okamoto @ Keio University Page 13
KEID Uﬁl‘rERSIT»,
& Multi careers field demonstration
Over 1,000 km N
ASON Domain E-NNI Routing aréa 0| 5 pomain (overlay)
( - )
UNI I-NNI E-NNI E-NNI I-NN| UNI
L @ NTT ©ntT )
GMPLS Domain (overlay) GMPLS Domain (peer)
( ) )
UNI [-NNI E-NNI E-NNI [-NNI [-NNI
( NiCT —] ezl
ASON Domain GMPLS Domain (peer)
( >
UNI E-NNI E-NNI '
- A
[ NICT | &
All E-NNI nodes are prototype. L JCG N,
Interworking among ASON, GMPLS overlay,
and GMPLS peer.
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Y, Agenda

¢

¢

+ ASON/GMPLS® & R
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& JGN I
+ JGN Il GMPLS core network a
- |IP + Optical JGNIT

- GMPLS controlled (Lambda Switch Capable)
- Peer Model ~ Jdt[EY (KFHT, &R, KR, &[)
- Overlay Model ~ EEY (KFHT, KRR, [FLMIAZL)
- Multi-layer NMS (Network Management System)
- OXC H#—E X (10G SDH, 1GbE)
- SPC % NMS H 5 GMPLS TRE
- GMPLSIL—ZEEHRMS A7 IL Y —E R
- SC % NMS or GUI /5 initiate T GMPLS ZF AL TRE
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ERAEIZRIT=F AT ILFIHD RS
@ ¢ ECOC20064&Y

+ G-lambda: Coordination of a Grid Scheduler and
Lambda Path Service over GMPLS

- Michiaki Hayashi (KDDI R&D Labs.)

+ Handling Parallel Lambdas toward Terabit
Networking

- Akira Hirano (NTT Network Innovation Labs.)

INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 11
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& G- lambda project overview
ra'_T{_,aJ;ul.l?lE
+ Joint project of AIST, NICT, NTT and KDDI R&D labs.

+ G-lambda project has been started in December 2004.

+ The goal of this project is to establish a standard web services
interface (GNS-WSI) between Grid resource manager and
network resource manager provided by network operators.

National Institute of N T T
Advanced Industrial Science

and Technology
AIST
‘ National Institute of - m
N l ‘ 7 Eﬂ?ﬁ.ﬁ?ﬁgtﬂﬂ:ﬁ &
By M. hayashi Y JGNI KDDI R&D LABS

KDDI R&D Labs. . o
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G-lambda: Architecture

Grid Application

Site B .
; Site C
Duration : x min Grid Portal Reserved time :
Deadline : hhmmss l I hhmmss - hhmmss/
(" Requirement Result

Grid Resource Scheduler (GRS)

Middleware I <l:—{> GNS-WSI

Network Resource

[ Computing Resource Managers ]

Resource/
Fabric
By M. hayaShL Computers :
KDDI R&D Labs.
INTERNET WEEK 2006 Copyright 2006, Satoru Okamoto @ Keio University Page 19
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Demonstration Network

‘fﬁﬁ
&

o Application GUI

Gap®® . Nation-wide GMPLS network (JGN Il test bed)
m  Number of processor sites : 6 sites
m GMPLS network dimension : 1,260 km
m Gigabit Ethernet-based TE-links
= NTP synchronization : NRM, GRS and processors
Site 2

TE-link
(1Gbit's) /  Site5

By M. hayashi Router6 oxc s oxc 4 Routerb
KDDI R&D Labs. . ) o
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Deadline: 2005-09-29 00:38:57 UTCE!

{0SA)

Duration: 00:05:002| Clusters: | 4%]

Admn] Port 006

|_Step | Listen Port | 8008

Do 2008 = i
Dore 2006-09-20 2245M  locaind
6-09-

POST /faxis/services/Hed

Content=Type: text/xmli
hezepe: applicacion/son
User-kgent: Axis/1.2.1
Host: localbost:B00S
Cashe-Conteol: no-cache
Pragma: no-cache
¢

l.I'I'I'Pr'l.l 200 OFK
Set-Cookie: JSESSICHIDS
content-Type: fxmis
[Date: Thu, 29 4
Secver: Apach
IConnecrion: olose

I version="1.0% enc

[ 501 Foemat [ bameric [ 3

Torman___ _flemraten Tine]

® Auto Scr

0:16:00

0:18:00

0:20:00

0:22:00

0:24:00

0:28:00

0:28:00

0:30:00

Main Log ]

TKB AKB

KEID UNIVERgy,

G- da project

http://www.g-lambda.net
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TERADIt LAN

By A. Hirano
NTT
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Many lambdas for single application
~ TERADIt applications emerge ~

TERA application™..
, Ex) Linux clusters ™, o
La-| , ® Application
\ ® |P address
0 L2 termination
® Lambda
L3 1OGbE/GbEpackets ® FEiber
I <> PCsorcluste
L2 1) 40Gframes  concatenated As
service
1 [ _ De-skewing in _ Optical Virtual
- WDM Concatenation (OVC)
= channels
. TERADIt-LAN I/F CARI!) WDM signal By A. Hirano

NTT
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. n By A. Hirano

An example of applications

P - SAGE in EVL driven by visualization cluster -

+ TBto the desktop
+ 100 Megapixels
Display
- 55-Panel
+ 1/3 Terabit/sec I/0
- 30 x 10GE
interfaces
- Linked to
OptlPuter
+ 1/4 TeraFLOP
- Driven by 30
Node Cluster of |

64 bit Dual . S
Opterons S
+ 1/8 TBRAM |
+ 60 TB Disk S ;
o . [

- - _ - e
OptiPuter Source: Jason Leigh, Tom DeFanti, EVL@UIC "l‘
&— WEEK 200! OptlPuter Co-Pls

KEID UNIVERgy,

Cutting edge cluster reaches Th/s I/O
~ BlueGene in LLNL ~

;_,§!”_£ !__ ,! Inter-cluster
‘fﬁ?[JE? 73*15 communication
LU |
1 0 % 1,024 PPC440
AR /0 nodes

Internal
connections

By A. Hirano

65,536 Dual PPC440 nodes
NTT

INTERNET WEEK 2006
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& Key Network Functions

ra'_T{_,aJ;ul.l?lf

+ Capacity on demand
- Lambda on demand .
Tl&. 10GE @
- OTN channel on demand B AFIRS %5
- L2 (10GbE, GbE) on demand

GMPLS ##I|F

+ OVC

- De-skewing between multiple
- Lambdas

- OTN channel (Max 256 ODu Virtual Concatenation)
- L2 (10GbE, GbE)
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610 INVERS Experimental setup
for layer-interworked capacity on demand
- -
. 3 San Diego
%GMDKDE .
Double-W|deI SAGE
App. 1 App. 2&3 Chicago
' OXC2 L2 SW
GbEs
AN® @ o &
SAGE
Rx [ o e
? 9 osw OXC1 Y )
® © ® @ ™ SAGE
Q TX
® O o ¢C O O
GbEs T T SNMP/TELNET
GSMP *
Control
GMPLS ]
GMPLS/OUNI GMPLS/
NE-Mgrouni
TCP (Original )
By A. Hirano Control-

NTT
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Geographical network
configuration

Seattle

. a\le..-..---“‘Chicago
(&G\'\d }'}'- . -S"OC«LQZ EVL & StarLight

L
Los Angeles *** "~ [\\P
s
\e
& San Diego
Calit2/uCsD
By A. Hirano
NTT
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SAGE Streaming with lambda-on-

demand
Lambda 1 UP (NLR
-

7 300 Decision guard time

= - l Lambda 2 UP STeraGriiz

200

&

o

-

w100

4

[&]

©

. Q O | - - -l

SAGE Ul (Chicago) O 5 10 15 20 25 130

Elapsed time (sec)
Packet loss at SAGE Rx

The newly allocated path
eliminated the packet loss

b successfully with no severe

RS impairment to SAGE application.
SAGE Display (San Diego) By A. Hirano

NTT
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BHXITD
) 7HA~DASON/GMPLSE FA15I

+ Verizon
- ASON/GMPLS D74—ILFFSAT7IL

o AT&T
- ASON ZF|ALT= Optical Mesh Service

+ Telecom ltalia
- ASON DSDH/\wIHR—2 ~0DE A
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Verizon N.Y. trial

o 2007£EIz=a—3—4 Y7 CRHIKBTE
- DS-3, OC-n, Ethernet ERA#%*
- BoD ‘Just in Time’ (JiT) Provisioning Tigft

AREI LD
ERBRRES 5=

%—m? Management Plane M54/ =< T—k
Pre- Pre-
Rrovisiored e Edge-10-Edge CP Signaling sp iProvisioned
=B 88 8
Client 1 A B Y Z Client 2
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(GA date)

¢ Vendor Roadmap for Verizon
R IV Vv | VvV IX | X
I_NNI 2Q07 Unknown proxy Unknown Unknown Proxy

E_NNI 2QO7 Unknown Unknown proxy Unknown Nov Unknown 2007 Unknown proxy
(GA date) 06

UNI 2Q07 Unknown proxy Unknown Unknown 2007 Unknown Proxy
(GA date)

200659 A MR
: GA Now Ao%:
LK. B FTOT DHIORVEERELTIA—ILFNSA4TIL
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Service Description

o FI)H—avFEREILLL, Layer 1 {EMAZIRE
o FvUFJIL—F#
o BLVREBRLEERE
o Re-routing #REZRHT DAY 1T —FTIF v
o WMERMEXYITMNALTFUR
Customer Applications
F—TUf: BB AT T TH—T A A
o N\YIR—UADHEE
o ETAFDILTUVEHIELTELE

Customer Benefits
o ILXEVNT1: HEHEDETIGIRNDEGR(ZF A
o EiEfE: “zerotouch” MFOEYa=> 4
o FH ESRRICEDLET.HEBREE
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AT&T Optical Mesh Service
Configure your Network for your Business

o %%@’HEEL'C”zero-touch”'C*j’I:l EY3=>4 . ”"near real-time” TaRxy 3y
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AT&T Optical Mesh Network
T T)r—iea (1)

Adaptive Bandwidth
Based on OIF UNI Spec

AT&T Intelligent
Optical Network

==
I /
Customer Customer
Site A Site D
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AT&T Optical Mesh Network
ot 77V r—avpl(2)

Dynamic Network Configuration N
g )‘ﬁ Main Data Center
Headquarters @(tg

N

A2

o :. ;,“‘ \’
Intefligent
“OpticakNetworlk’,

®
.*
.
.

Business Office

J -
= =5
Back-up Data Center

Business Office

3
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Telecom Italia “Phoenix”

+ 2004%F[ZAviaiE
+ ASON based ODXC

- 80 Ghit/s, 320 Gbit/s, 960
Gbit/s

OSI based signaling
- NMS initiated
+ Centralized routing
Fast restoration in C-plane

- End-to-end pre planned
(80-250 ms)

- End-to-end on the fly
(40-50 s)

L 4

*

20074E1HIZ. IP based M%}8k Control Plane (OSPF, RSVP) %
BRATOINESIHERET Do
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Phoenix IZH1T4570T9 3> &k

o [EEER. BALLDTOTHIAVEENRE(SEBRET)
- FMTEMNGYERUVHMEICLSUE
- ATV RABROZKBIED=HDUE
+ 2005%E(CHRELF-TOTIIAVENE: 17,000[H
- ATFURADTI=EHMDWorking to Protection : 2,000[H]
- #BEIZ k5 Working to Protection : 5,000[d]
- EED=HDOYE : 10,000[H
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o REREEHOERICE, LTOFRICEHEGANEENTS
VES,

- EHERK (NTT)

RAMLE ., B EK(KDDIBFEFR)

Photonic Internet Lab. D& #&
FWFALA—T SRR ERERIE T —F 2T IL—T
DEH

Optical Internetworking Forum D &#&
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Thank you!
Questions?
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