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Concepts

 Multilayer Network Virtualization
e L1/L2 Supplements to L3

e Distributed Control and Management —
ncluding To Edge Processes

o Architecture

 Tools and Methods

 Network Description Language
 Implementations
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GRID “Hour Glass” Design (Ref Internet Architecture)

GRID Services

Increasingly
Sophisticated
Sets of Tools and

' Services (Ref: OGF)

Physical (And Other) Resources

GRID Middleware
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Global Lambda Integrated Facility (GLIF)

Distributed Multidomain Services

Directly Addressable Key Resources,
Distributed Management Including
And Control Planes APIls

Dynamic Optical Networks and Related
Resources

DMCP = “Facility Intelligence”
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Standards Organization Activities

 |EEE Developing Hierarchical Architecture

— Ethernet Architecture = Current Lack of Hierarchy

— Network Partitioning (802.1q, VLAN tagging)

— Multiple Spanning Trees (802.1s)

— Segmentation (802.1ad, “Provider Bridges”)

— Enables Subnets To be Characterized Differently Than Core
 |ETF — Architecture for Closer Integration With Ethernet

— GMPLS As Uniform Control Plane

— Generalized UNI for Subnets

— Link State Routing In Control Plane

— TTL Capability to Data Plane

— Pseudo — Wire Capabilities
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L1 10 Gbps

« APIs

 Discovery Mechanisms

 Policy-Based Access

 Control Protocols

« GMPLS

« |[ETF GMPLS UNI (vs ONI UNI, Implications for Restoration
Reliability)

» Services
o Lightpaths with Attributes, Uni-directional, Bi-directional
Highly Secure Paths
OVPN
Optical Multicast
Protected Through Associated Groups

 [TU-T SG Generic VPN Architecture (Y.1311), Service Requirements
(Y.1312), L1 VPN Architecture (Y.1313)
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<+—> |ntelligent Application/Process Signaling

Multi-Domain L1 Dynamic Provisioning

IAS
Server Multi-Domain Control Plane

Client Layer Control
Plane: Communications
Service Layer

Service Layer, Policy Based
Access Control, Client
Message

Receiver, Signal
Transmission, Data Plane
Controller,

Data Plane Monitor

Client

Data
Plane
Server

Optical Layer
Control Plane

Client Layer
Traffic P

Optical Layer — Switched Traffic (Data) Plane Multiiservice: Unicast,
BiDirectional, Multicast, Burst Switching

'—h | Multi-Domain Data Plane =
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VS

VS VS VS

Previously OGSA/OGSI, Soon OGSA/OASIS WSRF

Lambda Routing:
Topology discovery, DB of physical links

— Create new path, optimize path selection A r C h i teCt u re

Traffic engineering

ODIN Server Access Constraint-based routing
. O-UNI interworking and control integration
Creates/DeIetes POIICy (AAA)_ Path selection, protection/restoration tool - GMPLS
LPs, Status Inquiry 3

GMPLS Tools (with CR-

LDP) System Manager
Discovery/Resource Process ) —LP Sti)gnaling for I-NNI gfﬁf?gery
. _ N Attribute Designation, eg .
anager, Incl Link Groups Instantiation Uni, Bi directional Comr_numcate
Addresses Interlink

Coroe N
X X
\DCZ <G

; i LP Labeling
() e
Monitorin Link Group designatigns Stop/Start Module
Resource Balance

Interface Adjustments

i
i

'

Resource Resource Resource rResource

rh »
Qeontrol Channel monitoring, physical fault detection, isolation, adjustment, connection validation eS T R L l G H T



Optical Dynamic Intelligent Network (ODIN)

Request Monitoring
Reqguest
Acceptance
Address Processing
Service Discovery
Resource Release
Et al

v 1

Lighipath Routing Protocol LP Request Lighitpath Distribution Protocol

Foute ('.‘-:-11'qx|<| Path Request Interface | Path Setup |
Response

LP ID and Eequess
Processing

Linl: State Stare Change

Audvertisement DB Notification M |Path Eeservation

& Changes
'P'-:-lmll:-g}' I'-;I:ané State Notice | (—— | State Notice | |f.'-:-1u19rti-:-11 Pr-:-ce-mimgl
Path Up/Dows

Path State T T ConhgControl Request l T Notification

Optical Linlk Fault
Management Protocol Notice Fault Detection - Connec tion

Functions Fault o Response hManagenmeat

Processing

Confisuration Mansagenent
Path Connection g eng

Manageneit Optical 5W

Ref: IEEE Communications Magazine, March 2006, Vol 44, 1ssue3 ST RLIGHT"™




OMNInet Network Configuration Phase 2 (Extended Via
Demonstrations Nationally and Internationally)

» 8x8x8\ Scalable photonic switch
e Trunk side — 10 G WDM
s OFA on all trunks
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EnLightened/G-Lambda Demo at GLIF

Resource map of the demo

e

(LSU)

m l
Santaka
(UR2

Client
Machine
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Global Lambda Integrated Facility (GLIF)
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Network Description Language for the GLIF

3 NDL for, the GLIF - NDL Generator - Microsoft Internet Explorer

File Edit View Favorites Tools  Help

OBack - ﬂ ﬂ ' - Gearch Favorites  40¢)

Address @] hkkpsffteafficight uva, netherlight. il {MOL-demoMDL-Gener ator bl e’ a a0 Links ‘i‘a i

NDL for the GLIF - NDL Generator

MDOL - Metwark Description Language - is an antalogy for description of thybrid) networks, aimed at facilitating the inter and intra damain lightpath provisioning. The GLIF
collaboration makes use of MDL to describe each individual domain, allowing for example the generation of global GLIF netwark maps.

E

Thig page will guide you through the generation of a MDL file that describe your network,

Step 1 -Location

Indicate the identifier and the human readable name of the network that is going to be described in NDL.

Identifier (Human-readahle) Mame

Pravide also the latitude and the longitude of this location. Both latitude and longitude should use floating point notation.

Latitude Longitude

Step 2 -Devices

Indicate the nare of the devices present in the network. Ifyou need to describe more devices just press "Add a Device"

Device

Device

Device
Add a Device

@ Internet

MOL For the GLIF -

Source: GLIF/SURFnet/GigaPORT




NDL WS, Validator, I\/Iaps GOLE Descrlptlon

3 NDL for the GLIF - NDL Validator - Microsoft Internet Explorer

Fle Edb View Favorites Toos Help

Back %] [@) () Pseach §prmories &

Acthess ] Hetpftrffilcht.uva.nethericht.iNDLdema DL valdator. b v Do s ? @~

NDL for the GLIF - NDL Validator

NDL- Network Description Language - is an antology for description of (hybrid) networks, aimed at faciltating the inter and intra dormain lightpath provisioning. The GLIF
callaboration makes use of NDL to deseribe each indiidual domain, allowing for ecarnple the eneration of global GLIF network maps

This page will provide you with tools o validate an NDL fle. We provide here two types ofvalidation

* Byntaxvalidation
« Cotentvalidation

Syntax validation

We can validate that the NDL Tl you genersted is wiitten Tollowing the latest NDL schema, You justheed to cut and paste itin the space below and you will get back feedback on
its valicity.

Plaase paste your NDL g below

3 Interactive GLIF Map - Microsoft Internet Fxp

b Bt Ve Favertes

o - p Sawch Fowcrtes {2
8] ittt scence araunif-vehomiToA fgeagiesag i

e puists for which we ereated L descriptions. The deserplions thet s map s based m ean be foud hage

The suap shewn shove shows several OLI

The senpi that hiba from + distnbuied des o 1f @ Jereen van der Ham, bub will be publishe

LT S, PRI [ T

~

ternat Explarar

List of devices
| gellmaces

List of intarfaces

e T "immm,.

<ndl:Interface rd
<ndl: nane‘qctﬂerllght if 5
<ndl:connectedTo

</ndl:Interface>

rndl Intnrfacc
<rdfs:seeAlso

</ndl:Interface>

rndl Interface
<ndl: nane=ﬂctncrllght 1f6<
<ndl:connectedTo

</ndl:Interface>

Source: GLIF/SURFnet/GigaPORT
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NDL Resource Visualization

OO m_ el | Wil o _rormwsl

Prp y S p—— ‘f: T ] T R T U =i T

DpiEln it
Foar

Ll e M ol

AN E ol bt 1 A0

L L]

vl m_cema(i! & L

I

o

=1 Al
RSNl E_DewEl 1 Sl ol -
. v femlLl 1

BuclT Pm_perasll

-

| Pl aeedl?

L= Lkt

L O3 ) A FOTR i T _. it
e 10318 _sred Ec_ort] -'n";Di. u_orred

MATEE ) predn

Hgvll e el o r Sl e _oewd? Gl m_aveldt Ll e _oewid !

Source: GLIF/SURFnet/GigaPORT ST “RLIGHT"



Further Information

e www.qlif.is

e Optical Network Testbeds Workshops (ONT)

« The ONT Workshop Presentations Are on the Site
e www.nren.nasa.qov/workshop9

e (ONT3)

e www.nren.nasa.qov/workshop8

e (ONT2)

e www.nren.nasa.qov/workshop?

« (ONT1)
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IEEE
Communications
March 2006
Special Issue on
“An Optical
Control Plane for
the Grid
Community”

MAGAZINE
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FGCS Oct 2006

COMPUTER [

L

: = :
*Special issue on iGrid 2005: The GRID cOMPUTING:

THEBRY,
METHODS
& APPLICATIONS

Global Lambda Integrated Facility
27 referred papers!

eSmarr, Larry, Maxine Brown,
Tom DeFanti and Cees de Laat
(guest editors)

*Future Generation Computer
Systems, Volume 22, Issue 8,
Elsevier, October 2006, pp. 849-
1054

www.sciencedirect.com
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Grid Networks

Themes: Network
Resources at

All Levels

As “First Class” Grid
Resources

° Grid '

Enabling grids with
advanced communication
technology
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www.startap.net/starlight

Thanks to the NSF, DOE, DARPA
and Other Supporters
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