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Program: NSF IRNC

* National Science Foundation Program

* Directorate for Computer & Information Science
& Engineering (CISE)

* Division of Advanced Cyberinfrastructure

* NSF 14-554 International Research Network
Connections (IRNC)

 Infrastructure and Innovation of U.S. R&E Open
Exchange Points (IRNC: RXP)
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« Co-Pl Maxine Brown, Director
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« Co-Pl Jim Chen, Associate Director, International Center for Advanced Internet Research
* Northwestern University

* Senior Personnel
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Center, UCSD, Associate Research Professor (Adjunct) Computer Science UCSD

Tom Hutton, Network Architect, UC San Diego Supercomputing Center, SDSC/Calit2
* John Graham, Senior Development Engineer Calit2 UCSD
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StarLight International/National Communications
Exchange Facility— “By Researchers For Researchers”

StarLight Is an Innovation Platform
For Advanced Communications
Services Architecture and
Technologies, Including Experimental
Testbeds Optimized For
High-Performance Data Intensive
Applications

Multiple
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Over Optics —
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10G/100G Exchange
First of a Kind
Enabling Interoperabi
AtL1,L2, L3

Also, StarWave [
Multi-100 Gbps Exchange"

]
L]
u
=
|
-

H 6N BN BN == Em mm

=

Abbott Hall, Northwestern University’s
Chicago Campus

iCAIR

A OW'e



StarLight Software Defined Network
Exchange (SDX)

 The StarLight SDX Will Provide The Services,
Architecture, and Technologies Designed To Provide
Scientists, Engineers, and Educators With Highly
Advanced, Diverse, Reliable, Persistent, and Secure
Networking Services, Enabling Them to Optimally
Access Resources in North America, South America,
Asia, South Asia (including India), Australia, New
Zealand, Europe, the Middle East, North Africa, And
Other Sites Around the World.

 The StarLight SDX Initiative Will Undertake Continued
innovation and Development of Advanced Networking
Services and Technologies.
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http://www.sdss.org/news/features/20001005.ded.html

The Global Lambda Integrated Facility: a Global
Programmable Resource
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Automated GOLE Fabric
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AutoGOLE Topology

Source: John MacAuley
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Tasks/Goals For 2014 Design and Implement
ofNSI — 1st Showcased At SC14

Work items 2014

Item Description Due Leading organization

Authentication / | Creating a AAI framework that allows TNC2014 | SURFnet

Authorization secure setup of services (Hans Trompert)

Topology Creating a mechanism that exchanges SC'14 ESnet, UvA

Exchange topology descriptions of GOLEs (Chin Guok, Miroslav
automatically Zivkovic)

Retagging Describing what's necessary to implement | 5C'14 Group effort

capabilities retagging capabilities inside the AutoGOLE

fabric - also creating a plan for

It's foreseen that AutoGOLE NRMs could be iICAIR

SDN/OpenFlow talking OpenFlow to actual hardware. This (Jim Chen, Joe Mambretti)
inside the item results in deployment of an
AutoGOLE OpenFLow controller speaking NSIvZ
inside the AutoGOLE

L LR

operations, implementing these

= : L] AIRIERLNEE A RLR]§
for someone to lead
(uniform) perational
issues




AutoGOLE Dashboard (In Development)

Control Plane Data Plane
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AutoGOLE Dashboard Current Version
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Benefits of SDN

 SDN Not Only Allows Network Designers To Create a Much Wider
Range of Services and Capabilities Than Can Be Provided With
Traditional Networks, But They Also Enable:

a) A More Comprehensive, Graulated View Into Network Capabilities
and Resources

b) Many More Dynamic Provisioning and Adjustment Options,
Including Those That Are Automatic and Implemented In Real Time

c) Faster Implementations of many New and Enhanced Services

d) Enabling Applications, Edge Processes and Even Individuals To
Directly Control Core Resources;

e) Substantially Improved Options For Creating Customizable
Networks

f) Enhanced Operational Efficiency and Effectiveness.
And Much, Much More!
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APls Based On Messaging and Signaling Protocols
Network Programming Languages
Process Based Virtualization —Multi-Domain

Orchestrator(s)

Policy Processes

Security Processes
State Data Bases

Northbound Interface

Network OSs
SDN Control Systems

State Machines
Mon, Measurements
Real Time Analytlcs

Network Hypervisors
Westbound Interfaces Eastbound Interfaces

Southbound Interface

I Data Plane — Forwarding Functions I
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Federation Should Be Able To Cascade To
All Architectural Components

« Hybrid Networking Services (Multi-Service, Multi-
Layer, Multi-Domain)

* Network Programming Languages (e.g., P4,
Frenetic)

« Abstraction Definitions

« APIs

« AP/Service Signaling and Policy Bundling
* Policy Bundle Distribution

* Primitives

- BGP Extensions and Substitutes

* NDL Schema

\\*&. ST%RLIGH Tspx




Other Architectural Components 2

* Northbound Interfaces

* Network OSs

* Network Hypervisors

« State Information Data Bases

- Data Modeling Languages (e.g., YANG)

» Controller Federation Processes

« Hybrid Services/Services Federation/Services
Chaining

 Southbound Interfaces

« Eastbound Interfaces

 Westbound Interfaces

Q ST%RLIGH Tspx




Other Architectural Components 3

 Data Plane Processes

* Network Function Virtualization (NFV)
 Measurements

 Real Time Analytics

* Distributed Virtual NOC Operations

ST RLIGH Tspx




Software Defined Networking Exchanges
(SDXs)

* With the Increasing Deployment of SDN In Production
Networks, the Need for an SDN Exchange (SDX) Has
Been Recognized.

 Many Motivations Exist for SDXs

— Bridging SDNs (Which Are Single Domain & Centralized
Controller Oriented)

— Granulated Engineering Over Flows
— High Degrees Of Exchange Customization

 Required: Capabilities for Multi-Domain Distributed SDN
Resource Discovery, Signaling, Provisioning,
Federation, Operational Functions, Fault Detection and
Recovery

-»_These Are Fairly Challenging Issues

Q ST RLIGH Tsox




Selected SDX Architectural Attributes

« Control and Network Resource APIs

* Multi Domain Integrated Path Controllers (With Federation)
« Controller Signaling, Including Edge Signaling

« SDN/OF Multi Layer Traffic Exchange Services

* Multi Domain Resource Advertisement/Discovery
 Topology Exchange Services

« Multiple Highly Customized Services At All Layers

« Granulated Resource Access (Policy Based), Including Through
Edge Processes, Including To individual Streams

 Foundation Resource Programmability

» Various Types of Gateways To Other Network Environments

* Integration of OF and Non-OF Paths, Including 39 Party Integration
 Programmability for Large Scale Large Capacity Streams

Q ST RLIGH Tsox




SDX As Recursive Virtual Switch
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Sierpinski Triangle

Unlimited Number of
Customized Virtual Switches

Ithin Macro Virtual SwWitch  crmryaryrros




GLIF Based On SDXs Supporting Slice Exchanges
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Global Network Science: iGENI Consortium Uses
The Global Lambda Integrated Facility As the Basis For a
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Science Use Case: Nowcasting With SDXs
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Comparison With Existing System
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- GENI SDX Demo Scenario
Simulated R1 R2 R3 R
Rada?(i) X N\ )

StarLight

SDX

/

Georgia
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International Software-Defined Network Exchanges
(iISDXs): A Demonstration of Global Capabilities

Joe Mambretti, Jim Chen, Fei Yeh
International Center for Advanced Internet Research
Northwestern University, USA
Mike Zink, Divyashri Bhat
University of Massachusetts, Amherst, USA
Ronald Van der Pol
Surfnet, Netherlands
Grace Lee, WunYuan Huang, Te-Lung Liu
NARLabs, National Center for High Performance Computing,Taiwan
Thomas Tam, Herve Guy,
CANARIE, Canada
Alex Valiushko, John Shillington,
Cybera, Canada
Buseung Cho, KISTI
Republic of Korea
Michiaki Hayashi, KDDI Labs, Japan
Toshiaki Tarui, Hitachi, Japan
Aki Nakao, University of Tokyo, Japan
Steve Cotter, T. Charles Yun, Jamie Curtis, Andrej Ricnik
REANNZ, New Zealand
Josh Bailey, Google, New Zealand
Artur Binczewski Belter Bartosz Mitosz Przywecki Piotr Rydlichowski
Poznan Supercomputing and Networking Center, Poland
Russ Clark, Georgia Tech, USA

Global LambdaGrid Workshop

Queenstown; NewZealand ‘
September 30-October 1, 2014 S T%@R L I GH Tsox
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Slice Exchanqge Showcase at GEC 21
Japan-US Slice Exchange

over SDX o
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PetaTrans: Petascale science Data Transfer
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Bl Data Flow Visualization (Inbound-Outbound)
From SDSC To UoC
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Future Vision: A Nationwide Virtual Comprehensive Cancer
Center

Cloud Computation
Genomic Data Commons

Hospitals,
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Patients
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International ExoGENI Testbed
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Another SDX Opportunity! An
G@meleon Experimental Testbed For

www. chameleoncloud.org ompu er Clence esearc

CHAMELEON:

A LARGE-SCALE, RECONFIGURABLE EXPERIMENTAL
ENVIRONMENT FOR CLOUD RESEARCH

Principal Investigator: Kate Keahey

Co-Pls: J. Mambretti, D.K. Panda, P. Rad, W. Smith, D. Stanzione

ALNGUST 29, 2014
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Testbed to Support the Community’s
Research Challenges

The community builds the testbed,
and afterwards the testbed will shape the
community

Big Data

Data volume, Big Compute
velocity and A wide range
variety of data

Programmable network ana|ytics
cheap, ubiquitous sensors
and other emergent treng

Instruments

Cyber-
Physical
* Build the right testbed ysica . .
« Make the environmern Systems, Reach the right communit

. . Have the right t
Observatories ave the right team




Future Internet Research and Experimentation

What is FIRE?

FIRE Research
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GOLE Switch dynamically —— TS
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GTS connectivity to GENI Facilities

(step 1: Static transit connection)

. »”T
GEANTN

vians lo other . Static provisioned LSPs encapsulating all
peersy StarLight frames with VLAN tags 3500 — 3599 at the
¢ respective endpoint ports.

LSP provisioned with 1 Gbps guaranteed

VLAN tags 3500-
3599

Statically switched
from GEANT L2 port
to destination port

vlans to other
peer

MANLAN

ENI-StarLight-GTS peering port

p0-3599

w
“ VLAN tags 3500-

3599
Statically switched
from AL2S port to
GEANT L2 port

| ' RENCI & Other

L/ | ExoGENI
AN tags 3500-3598

—

Connect | Communicate | Collaborate



GTS connectivity to GENI Facilities

(step 2: Dynamic transit provisioning)

;'t" °"®" starLight SDX
4\ N

. 2=
GEANTN

(NSI Peering) Dynamic provisioned LSPs using NSI;
1_- encapsulating VLAN delineated VCs,

:.'. /,./“‘ apacity guaranteed.

VLAN tags 3500-3599
Dynamically switched

across SL by NSI to
destination port ‘

Conventional
static vlians to
other peers

o=
:“ VLAN tags 3500-

3599
Manually provisioned

MANLAN across OLE




Large Scale File Transfers (~26 TB) for
Global LambdaGrid Workshop 2015

 Much Thanks to
— Michal Krsek
—John Graham
—Jan Ruzicka
— Lukas Hejtmanek
— Gerben van Malenstein
— Tom Hutton
— Et al
— Phase A = UCSD®UVA
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UCSD to Brno CineGrid Archive FDT transfer

— Net
— Average
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router, R148, R148.cesnet.cz, 195.113.156.9
[Interfaces]
HundredGigEQD/Z0O/0

Bit rates [bHps]

Input
min=2.925k
max=4 B30
avr=1.707G

Output
min=2.27 1k
max=6.835M
avr=2.B27 M

Packet rates [pps]
Input
min=5%.120
max=65 00k
avr—23 Er8k
Output
min=3.048
max=13.173k
avr=5.001k




www.startap.net/starlight
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