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Macro Network Science Themes
T tion I Nef ks To Net ks Tha
Take Full Advantage of IT Architecture and Technology
« Extremely Large Capacity (Multi-Tbps Streams)

 High Degrees of Communication Services
Customization

* Highly Programmable Networks

 Network Facilities As Enabling Platforms for Any Type
of Service

 Network Virtualization

« Highly Distributed Processes

« SDN/SDX/SDI/OCX/SDC/SDE

« Key Attribute For SDXs = Open Services, Architecture,
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http://www.sdss.org/news/features/20001005.ded.html

LHCONE - LHC Open Network Environment

LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle II, Pierre Auger Observatory, NOvA)
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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
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Global Network Science
The Global Lambda Integrated Facility As the Basis For
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Forthcoming GENI Book: September 2016

A Springer

R. McGeer, M. Berman, C. Elliott, R. Ricci (Eds.)
Chapter:

Creating a Worldwide Network The GENI Book
For The Global Environment for Network

Innovations (GENI) and

Related Experimental Environments

This book, edited by four of the leaders of the National Science Foundation's Global

Environment and Network Innovations (GENI) project, gives the reader a tour of the
history, architecture, future, and applications of GENI. Built over the past decade by
hundreds of leading computer scientists and engineers, GENI is a nationwide network

1st ed. 2016, XVIII, 655 p. 216 illus., 183 used dai‘lj,r b?.f thousands c.)f computer scientist.s to ijplore the next Cloud anc.i !ntemet and

illus. in color. the applications and services they enable, which will transform our communities and our
lives. Since by design it runs on existing computing and networking equipment and over
the standard commodity Internet, it is poised for explosive growth and transformational
impact over the next five years.
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Benefits of SDN To Science

+—SDNNot 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) More Comprehensive, Highly Granulated Views Into Network
Capabilities and Resources Including Individual Data Flows

— b) Many More Options For Control Over Those Resources, Including
Distributed Control y Edge Applications services processes individuals

— c¢) Dynamic Provisioning and Adjustment Options, Including Those That
Are Automatic and Implemented In Real Time

— d) Faster Implementations of many New and Enhanced Services

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

— f) Substantially Improved Options For Creating Customizable Networks
— g) Enhanced Operational Efficiency and Effectiveness.
— h) Etc ...

D STYRLIGHT:



App1 App2 App3 App4d EP1 EP2 Ind1 Ind2

APIls Based On Messaging and Signaling Protocols
Network Programming Languages
Process Based Virtualization — Multi-Domain Federation —
Policies Cascading Through Architectural Components

Security Processes

. Orchestrator(s
Policy Processes (s) Policy Processes

Northbound Interface
Network OSs State Data Bases

State Machines SDN Control Systems
Mon, Measurements

Real Time Analytics
Network Hypervisors N

Westbound Interfaces Eastbound Interfaces

Southbound Interface
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Software Defined Networking Exchanges
(SDXs): Motivations

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

« Current SDN Architecture/Protocols/Technologies Are Single
Domain Centralized Controller Oriented

« SDXs Are Required To Interconnect Increasing Numbers Of SDN
“Islands.”

« SDXs Provide Highly Granulated Views Into (and Control Over) All
Flows Within the Exchange — i.e., Much Enhanced Traffic
Engineering and Optimization.

« Options for Many New Types of Services and Capabilities, e.qg.,

Encyption E2E, Ultra High Resolution Digital Media, Support for
Data Intensive Science

«  WH Office of Science and Technology Policy — Large Scale Science
Instrumentation

De —
Qver Exchange Flows ST RLIGHT



Architectural Components 1

* Hybrid Networking Services (Multi-Service, Multi-Layer, Multi-
Domain), Including Integration of OF and Non-OF Paths

* Multi Domain Resource Advertisement/Discovery/Signaling —
Including Edge Signaling

* Support for Multi Domain Integrated Federated Path Controllers
of Many Types

 Mechanisms For Topology Exchange Services

* Control and Network Resource APIs

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

* Abstraction Definitions

* AP/Service Signaling and Policy Bundling & Distribution
* New Types Of Primitives

« BGP Extensions and Substitutes

* NDL Schemas

., % Orchestration Processes s
NS ST/ RLIGHT




Other Architectural Components 2

* North/South/East/West Bound Interfaces

 Network OSs

 Network Hypervisors

« State Information Data Bases

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

« Controller Federation Processes

« Hybrid Services/Services Federation/Services Chaining

* Granulated Resource Access (Policy Based), Including
Through Edge Processes

 Foundation Resource Programmability
 Programmability for Large Scale Large Capacity Streams
 Data Plane Processes

« Network Function Virtualization (NFV)

« Measurements — Including Real Time Analytics

* Distributed Virtual NOC Operations STY“RLIGHT:



StarLight GENI L2 SDX

Implementation Of Key Software and Hardware Components Of a
Layer 2 SDN/OpenFlow Exchange (SDX) Between GENI Layer 2
Network Resources and Other Research Networks.

Providing Tools For Experimenters To Request And Receive
Resources from the Exchange That Are Fully Integrated With GENI
Standard Interfaces, Such As the GENI Clearinghouse, the GENI
APIl, GENI Stitching, While Maintains SDN Architectural Attributes

Integrates GENI Tools & Experimenter Tools From Other
Participating Networks

Supports Open Exchange Policies
Ensures Resilience/Reliability/Paths

Ensures Capabilities for Intra and Inter-Domain Interoperability —
Without Requiring Intermediaries

Provides Monitoring and Measuring Capabilities
Ensures Capabilities and Options For On-Going Enhancement,

QExpansion, Extendibility STYRLIGHTT
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IRNC: RXP: StarLight SDX Key Participants

Northwestern University, Director, Metropolitan Research and Education Network
Director, StarLight International/National Communications Exchange Facility
« Co-Pl Tom DeFanti, Research Scientist, (tdefanti@soe.ucsd.edu)
California Institute for Telecommunications and Information Technology (Calit2),
« University of California, San Diego, Co-Director, StarLight
« Co-Pl Maxine Brown, Director
Electronic Visualization Laboratory, University of lllinois at Chicago, Co-Director StarLight
« Co-Pl Jim Chen, Associate Director, International Center for Advanced Internet Research
* Northwestern University
* Senior Personnel
+ John Graham, Senior Development Engineer, Calit2, UCSD

«  Phil Papadopoulos, Program Director, UC Computing Systems, San Diego Supercomputer
Center, UCSD, Associate Research Professor (Adjunct) Computer Science UCSD

«  Tom Hutton, Network Architect, UC San Diego Supercomputing Center, SDSC/Calit2 QI

« Larry Smarr, founding Director of Calit2) a UC San Diego/UC Irvine partnership, Harry E. Gruber
Professor in Computer Science and Engineering (CSE) at UCSD's Jacobs School.

* Linda Winkler, Senior Network Engineer, Math and Computer Science Division, Argonne National
Laboratory, Senior Network Engineer, StarLight Facility, Technical Director, MREN

* John Hess, Director, Network Engineering and Design, CENIC
,‘SISO, Other Members of the StarLight Consortium, Multi National and International Partners

ST «RLIGHT:




E2E Services Based On Open Architecture For
Petascale Sciences (OAPS)

Integrating Science Workflows With Foundation Infrastructure
Workflows (Orchestration)

Providing Built-In Preconfigured Examples/Templates To Establish
Infrastructure Foundation Workflows

Providing Zero-Touch “Playbooks” For Different Segments of
Infrastructure Foundation Workflows After Running The 15t Suite

Supporting Interactive Control Over Running Workflows

Providing Portability for Different Infrastructure Foundation
Workflows

Providing Capabilities for Experiment Reproducibility

Providing Options For Real Time Scientific Visualization
With Standard Tools

f@ STIRLIGHT:



Network as lfrastrusture Instrument

Implementing NSI in production —
evaluating SDN —

BOSTEN

g

ESnet Vision: Scientific progress will be completely unconstrained

by the physical location of instruments, people, computational

resources, or data. . ESnet



SC15 SDN/SDX/SDI 100 Gbps
Demonstrations

« iCAIR Participated in (Or Led) ~ 20 Sets of 100
Gbps Demonstrations at SC15, Almost All
Which Involved Elements of SDN/SDX/SDI

Q STIRLIGHT:
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PetaTrans: Petascale Science Data Transfer
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Sc 1 5 Demonstrations of 100 Gbps Disk-to-Disk
WAN File Transfer Performance via SDX and 100G FW

An SC15 Collaborative Initiative Among NASA and Several Partners
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Sc 1 6 Demonstrations of 200 Gbps Disk-to-Disk

WAN File Transfers using Parallelism across NVMe Drives
An 5C16 Collaborative Initiative Among NASA and Several Partners
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WAN Demonstration Plans e

Remote NSI Sites:

1. Caltech

2. StarlLight

3. Univ of Michigan

4. Florida International Univ
5. RNP (Brazil)

6. UNESP (Brazil)

Software used to Provision
paths to remote end points:

OSCARS
OESS

NSI
OpenFlow

O Dl

....
.....

ALK Y 0 Eath e AU and A Light
AMLight — |7 W i RS

CEMIC/PacWave

Total of 9 x 100GE links (7 links in Caltech Booth)

http://supercomputing.caltech.edu/ Azher Mughal
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OpenFlow Traffic Engineering

CALTECH HEP
HETWORKING

5

1. Install Flows based on
interface statistics or
shortest path

3. Manual Flow

any requirement

Caltech || UMich | |Starlight

RNP | | UNESP | - " | ESnet Remote
. ' - " uesp R - ' Participants
. | | DEKIT | - <
| FU || usC Stanford ™ - [ vanderbilt
2. Move Flows dynamically -University~ . |
: . 5Cinet Network
by I{I:-c:-.klnlg at the mjcerface > X WAN
statistics in the environment connections
and if there is a high " Vanderbilt -
. . - altech #1248
bandwidth route available #271 -
then re-config the flow -
 Stanford #2009
insertion/removal to adapt E chostreams #5862 ) T ——
feea—— Mich #2103
http://supercomputing.caltech.edu/ Azher Mughal




SC16 SDN-WAN Demonstration End-Points
Caltech, UM, Vanderbilt, Dell, Mellanox, 2CRSI, Ciena,
Echostreams, StarLight, PRP, FIU, UNESP

Amsterdam
Netherlight

= CERN
| o Geneva
= |
D
v
[ q")
_a
— 3
——
o
o

‘ : FIU/AmLight

nx 10G

: WAN routes to
CenturyLink o _
Austin

100G

NSI Path via AMLight
for FIU, RMP, AMSP and LUNESP 100G

CENIC/PacWave ANSP/UNESP
RNP @

AMLight/OpenWave e

ESnet v

SC16 Thps Ring s @



Demonstration Fermi National Accelerator Laboratory &
ICAIR: Multicore-aware Data Transfer Middleware

MDTM) Project (DOE

e The Multicore-aware Data Transfer Middleware
(MDTM) Project

— Collaborative effort by Fermilab and Brookhaven
National Laboratory

— Funded by DOFE’s Office of Advanced Scientific
Computing Research (ASCR)

MIDTM aims to accelerate data movement toolkits
on multicore systems

tﬁﬁ'ﬁ::ufe NATIONAL LABORATORY




Multicore-aware Data Transfer Middleware
(MDTM) Project (DOE)

* Issue: Existing Data Transfer Tools Do Not Efficiently
Exploit Multicore Devices Using Common OS
Implementations, Especially With Regard To NUMA
Systems.

 The Large Gap Between OS Processes And Multicore
Hardware Designs Results In Network 1/O Inefficient —
Only “Best Effort” Handling Of Processor Threads for
Data Transfer.

« Basic Processes Are Generic: No Distinctions - Type of
Transfer, Type of Service, Thread Locality, Anomalies,
Requirements, Priorities, Dynamic Changes, etc

 OS Tuning Alone Cannot Resolve Performance
Problems

Q STIRLIGHT:



MDTM Architecture

SEMND System RECW System

Access services

Liai|| ] MDTMMiddieware Services =, ﬂ-;
Access senvices + Buliers + i
i MICs Diski'5torage
Hardware )
Metworks
MDTM Architecture MDTM Data Transfer Model

MDTM consists of two components:
« MDTM data transfer application (BNL)
» Adopts an |/O-centric architecture that uses dedicated threads to perform
network and disk 1/O operations
» MDTM middleware services (FNAL)
* Harness multicore parallelism to scale data movement toolkits on host
systems

- Offi F =
o o7, YCience  ZEFermilab BROODKHIVEN

(L5, DEPARTMENT OF ENERDY NATIONAL LABORATORY
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StarLight SDX& SURFnet SDX

100GE End to End Services based on Open Architecture
(E2SOA) for Peta Scale Sciences: Prototype Set Up

StarLight
Petalransl i .
Inventec - ) Nether SURFNet

L ANA200 N )._.. Light 100GE
Switch \ u ) 8700
StarLight &
Petalrans2 ¥

p /

\ /

OpenFlow » " NSI/openNSA

A

StarLight SDX
Service Hub

ST¢cRLIGHT:




Multi-Tenant 100 GE SDX

Multi-Tenant 100GE Science Network Exchange
SC15 NRE Testing Phase

100G

SC15 Austin <> X 100G
ESnetTestbed 100G ( CANARIE J 2 X 40G L
JANA200  10c 4/1
AL2S y N / G B

4/2

40G/ [3/2
1006 StarWave 8700 @ StarLight Controlled
100G ( By openNSA/ONSA
) \ SL-Ciena 8700 SL ExoGENI Rack
S Controlled By ExoGENI Rack in
1006 | Ottawa

ST¢cRLIGHT:




NSI- OpenFIow Hyblrd Topology Exchange

5 — T T CANARIE
NES P N
iCAIR/Northwestern ICﬂntruller Y ~~ 4 Controller b

. | Arista ) N '
:' . n2781 rsta ' ,-'*I‘-.
._ H__ tuan Starnght ',
: Translation -
T . j o } \ an’ .
NSA S/ N /
Qe J." { . .I-r.
/| 5 Pica8 | | .
[ 2 . ,--—-H;--"":;»f =LY [ TNsA vlan278c | / -
i SN 2780 AT ¥
\ Controller AN (.Iunlper I— J s _;}_ - ! Controller
||| -\\{,' , ;&Ili A v .-" 1
| / |
W . ":,__ _
- NSA ' [
NARLabs/NCHC NS )~ & 4
=T S o h ’J.L._ e KISTI
—
FNET

RLIGHT:




Slice Exchanqge Showcase at GEC 21
Japan-US Slice Exchange

over SDX o

o

MO HITACHIL 2 w B K S =
Inspire the Next THE UniversiTy OF Tokyo R
SRR R S o h NORTHWESTER!

UNIVERSITY
Slice Exchange Architecture
Slice Exchange Point: SEP-based SDX

Rendezvous point for slices

SEP core Flow-based cont
Gate Keeper: (D-plane)
Domain adapter etwork ®
(C-plane) h troller
Slice requester
Gate Way: L GK Y GW ' @K l GW ' (w/., GENI API)
Domain adapter e~ _~ N =N

(D-plane)

VNode InstaGENI
(US)
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An Industry First: June, 2016 — Ciena, Canada’s Advanced Research and Innovation Network
(CANARIE) and the StarLight International/National Communications Exchange Facility
Consortium completed a 300 Gb/s 8QAM (Quadrature Ampiitude Modulation)

trial on a live network using Ciena’s Waveserver.

Two Bonded 150 Gbps Lighpaths
On A Superchannel

5L,
\ Chicags IL

Montreal

~ Chicago g

StarLi

In Service CHENA HN

:iﬂl Hanovar B
- Recently Deployed

Demonstration of World’s 1°t 300 Gpbs Over 2
Lights Paths Over a Distance of 1,440 Kliometers,
Supported By partnership of Ciena, CANARIE and
E iCAIR
May 16 2016




New Open Exchange In Montreal

 New R&E Open Exchange Operated By
CANARIE

 Montreal & 100 Gbps International Connectivity
 To Be Completed ~ October/November

canarne YW

L STYRLIGHT:



E2E Real Time Service Analytics Over 100 G Paths Using the Blue Planet |

]

Network Diagram for Analytics Demonstration
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R R R W R R _Open ) I:'I'OjECt Matsu — NASA
OCCProjectMatsu Collaboration (2009)

Open Science Data Cloud
OPEN SCIENCE DATA CLOUD (2010)

PDC  coosie Aneh simus Bionimbus Protected

BIONIMBUS PROTECTED DATA CLOUD Data Cloud* (2013)

Sanigre doud sen

i e - NCI Data Commons*
T Ty e - (Nov 2015)

o d (R o
G o T S s u
Towamborel bisaiares 0T o e — — ———— ——————
Ciicapn Corgaehermive O o EmEmEm=m= = = — -
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m . § s} shor el Ry [y, prwd my mrl i ok b gt el e e gy B OO B GTEe g - S TR @ poWE T, e a a
friem——— SEEFE BT O KRy [ OO0 DT 1D (L6t [ o Wl Al DORIE 4 B I a2, S T DT 1 s il il [l N I [l 100 (FQis’ BOneE 10
T chorim creaied wiih ibn e dofiso Com mons
" o
Eiy il Al a5 1 it hrin by
sz (Nov 2015)
o mruciure aizwe mewkel
By b Lol B iy iy

B ocene o msserst ppiriten. The uurienboss samisag i sovvisrs ull omars)  porbaier s ead prosds s s o imcpai b rulios Do Al
OCC operated testbed from 2008 to 2012 to develop the technology.
760+ research projects supported since 2010.
250+ currently active researchers from 54 organizations from 14 countries.
Over 18 million core hours used by allocation grantees in past year

*Operated under a subcontract from NCI / Leidos Biomedical to the University of Chicago with
support from the QCC.




@x NATIONAL OCEANIC AND
u ATMOSPHERIC ADMINISTRATION

pr  Hows o FAE

NOAA Big Data Project

Tha Big Data Project is an innovative spproach o publishing NOAA's vast data resourees and positioning them near cosi-afficiont high parformanoe competing, analytio, and
Slorage: services provides Dy e privabe Sectar. This collaaration cambines (hree posisriul resounces - MNOAA'S Iemendous vaume of nigh quallty envircnmental data and
advanced dats preducts, private indusing's vast infrestnucture and technical capacity, and tha Amarican aoconomy’'s innowvation and enangy - to creste 8 sustainables, mAked -drivan
ecosysiem thal owers the cosl hamier 1o dala publication. This project wil creab: a new economic space for growih and job crealion while providing the pudlic Tar greater acoess 1o
the data creatad with its fax dollars

How To Participate

Far campanies, aganizatans, avd individuals interastad inodning with NOWA's Big Data FPrajact, a w8t of Data Alances are hand formed. Each Data Alllance s anchored by 3
participating Infrastruchure as a Service (lanS] insttution, and represenis a market ecosysiom consisfing of larger compeanios that represent vanous economic sedoms, such as the
wealner oF insurance indusiries, special|zed small Dusingss, value-added resellers, enfrepranaurs, Regarchers and non-prafits, eic, The Data Alllance stinuchure allows marked
foroce io oot on the identification, odraction, ond devalopmont of HOWAA, public doim resouroo:, and provides @ machanism for inforocfed porties to work togathor o dowclop new
business and research appormunities, The organizations comprising the ecosysiEm Dulk around 4 parmcularanchor laas provider are free 10 paricipate in mulliple Data Alliances

For more information, wvisit one of the NOBA Big Data Collsharators:

Er@s%ﬁ?g } = Microsoft

Public-private data collaborative announced April 21, 2015 by
US Secretary of Commerce Pritzker.

AWS, Google, IBM, Microsoft and Open Cloud Consortium will
form five collaborations.

We will develop an OCC/NOAA Data Commons.
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Genomic Data Commons (GDC) Announced

« The GDC, a Unified Data System for Sharing Genomic and Clinical
Data Among Researchers, Was Launched June 6 With a Visit from
Vice President Joe Biden To the Operations Center at the
University of Chicago.

« An Initiative of the National Cancer Institute (NCI), the GDC Will Be
a Core Component of the National Cancer Moonshot and the
President’s Precision Medicine Initiative (PMI)

It Benefits from $70 million Allocated to NCI to Lead Efforts in
Cancer Genomics as Part of PMI for Oncology.

« The GDC Will Centralize, Standardize and Make Accessible Data
from Large-Scale NCI Programs

« The GDC Will be Part of a Global Ecosystem

Q STcRLIGHT:



Vice President Biden visiting the CDIS Data Commons Operation
Center on June 6, 2016.

'R, STIRLIGHT:»
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Biomedical Data Commons:
Flow Orchestration: Control Plane + Data Plane

Data Repository A (West Coast) Data Repository B
(South)

——

Visualization Engine:
North Americ

Data Plane Compute Engines

Midwest)
Control Plane

____Data Repository C (Asia) Data Repository D (Europe)
‘N,

ST cRLIGHT:»



Genomic Data Commons Data Transfer

Data Commons Cumpute Status stop ceph-TARGET ceph-TCGA M cleversafe-TCGA
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GEC22 Bloinformatics SDXs Demo Network
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Planned US SDX Interoperable Fabric
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Next Step: Global Research Platform
Building on CENIC/Pacific Wave and GLIF
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Global Research Platform

—+ A'Emerging International Fabric
« A Specialized Globally Distributed Platform For Science
Discovery and Innovation
 Based On State-Of-the-Art-Clouds

* Interconnected With Computational Grids,
Supercomputing Centers, Specialized Instruments, et al

* Also, Based On World-Wide 100 Gbps Networks

 Leveraging Advanced Architectural Concepts, e.g.,
SDN/SDX/SDI — Science DMZs

* Ref: Demonstrations @ SC15, Austin Texas November
2015

N STYRLIGHT:»
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SDX Services For Superchannels & DTNs

 Many Architectural and Technology Options Exist For
Both Superchannels and DTNs

* Different Types Of DTNs Are Being Developed By Many

Research Organizations:

— ESnet

— NASA

— Naval Research Lab

— ICAIR (PetaTrans DTN)

— NCSA

— SDSC

— Fermi National Accelerator Laboratory
— Brookhaven National Laboratory
— Ciena Research

— Dell Research

ofte

ST STYRLIGHT:



StarLight PetaTrans DT Nodes

PetaTrans Gen 1 PetaTrans Gen 2
1 Supermicro X9DR3-F Dual SNB EP E5-
2600 1 Supermicro X10DRIi
16 DIMM slots, 512GB Reg. ECC DDR3 1 CS8457 - Supermicro 3U Chassis
1 CS8457 - Supermicro SC846A-R1200B 2 Intel Xeon E5-2667 v2 3.30Ghz 8C 25M
4U 8 16GB DDR4 2133MHz ECC
2 Intel Xeon E5-2667 v2 3.30Ghz 8C 25M 2 2.5" 256GB Internal SATA Illl SSD
16 Crucial 16GB DDR3 1866MHz ECC 1 MCX456A-ECAT ConnectX-4 VPl EDR
3 LSI MegaRAID - LSI00330 - SAS 9271-8i IB (100Gb/s) and 100GbE, dual-port
1 LSI MegaRAID SAS 9286-8e (SGL) QSFP

32 840 PRO 2.5" 250GEB SATA Ill SSD

1 BF3205 - Any 2U JBOD (no
motherboard)

1 CS8654 - Supermicro CSE-826BA-
R920LPB,

1 MCX456A-ECAT ConnectX-4 VPI EDR IB

n < " = )
\_& STIRLIGHT:




100 Gbps Prototype Switching Components

Inventec 100G Switch and Pica8 Switch OS

 Inventec DCS7032Q28 Bare Metal * Network operation system using user
Switch space standard Debian Linux environment

» Switching chip TD2 Broadcom * OpenFlow 1.4 support though OQVS 2.0
BCM56854 .

CrossFlow mode, support Layer-2 / Layer-

» X86 CPU Intel C2538-2.4GHz ,
FHS065501516762S R1S9 3 and OpenFlow simultaneously

 P2041 CPU Freescale P204INSN7PNC  — SuPPort OpenFlow to control MPLS, GRE,

1.5GHz 1.0V FCPBGA780 FREESCALE NVGRE or VXLAN tunnels
» 32 X QSFP28 ports, Support * Support for all major OpenFlow
10GE/25GE/40GE/100GE controllers ( OpenStack Neutron ML2,
* ONIE Support OpenDaylight, Ryu)

» 0Ss: 1COS, BCM, ONL, PicOS & others

Support VXLAN network virtualization
and NAT
* ONIE support

ST¢cRLIGHT:




Emerging WAN Architectural Models

« Current Generic WAN Model
— ES&DC SW&DC Routers&@WANSDC Routers&DC SWS&ES

« Current Experimental Model Enabled By SDXs
— CES®DTN&DC SC SWs&WAN&DC SC SWs&DTN<CES

« Potential Future WAN Model Enabled By SDXs

— ES®DTN&DC NGD~»SDX®WAN®SDX<=>DC
NGD®DTN®~ES

— NB: Attempted Only In Prototype Not In Production

Q STIYRLIGHT:



Key Emerging Enabling NGD Technology

« Support for L2/L3 Protocols and MAC Interfaces at 1 Gb/sec, 10
Gb/sec, 40 Gb/sec, and 100 Gb/sec

- a) Deep Buffers -- Gigabytes (V. Important For Large Scale Flows)
* vs Current General 16 MB

 b) Large Routing Tables (Scales To Millions of Routes & MAC
Addresses)

« ¢) Ultra Fast Packet Processing
« d) Virtual SWs (Segmentable Switches)

» e) Support for Modular Switches (Can Link Line Cards Within
Chassis To Create Scalable SW w/ Large # Of Ports)

« f) Quality of Service Features

« @) Options For Allocating Specific Capacity To Individual
Subscribers Encapsulated Within Chassis

* h) Core Support for NFV

Q&enerate Congestion)

......
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KREONET vs. KREONET-S

< Nationwide 17 Regional Centers in Korea (~100Gbps), 4 International Connections to the US, China, NL
(~100Gbps), Global Research Network Collaborations (GLIF & GLORIAD),

e ey e LD

o

L LT 0 1
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Toward Software and User driven Virtualized, Dynamic, and Flexible Environment
from Hardware-based Fixed, Closed Network Infra & Services

Map nl o . Global Ring Network for Advanced Applications Development
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Science Information Network (SINET)

SINET is a Japanese academic backbone network for more than 800
universities and research institutions, and current version, SINET4,
started its operation in 2011.

» SINET4 covers all 47 prefectures.

» SINET4 covers 100% of national, 71% of public, and
53% of private universities.
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An Experimental Testbed For
G:\@meleon Computer Science Research

www. chameleoncloud.org

CHAMELEON:
A LARGE-SCALE, RECONFIGURABLE EXPERIMENTAL
ENVIRONMENT FOR CLOUD RESEARCH

Principal Investigator: Kate Keahey
Co-Pls: ). Mambretti, D.K. Panda, P. Rad, W. Smith, D. Stanzione

Another SDX Opportunity — Especially For Federation!
SDX=> “Federation As A Service” Federated With GENI and Canadian SAVI
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Testbed Federations

~ + GENISFIRE
« GENI<~Chameleon
« Chameleon<~FIRE
« GENI®SAVI (Smart Applications On Virtual Infrastructure)
« Chameleon&SAVI
* GENI®Vnode~IiCAIR Testbed
« Chameleon~ExoGENI~ICAIR Testbed
« GENI<~CloudLab
 iCAIR Testbed~G-Lab Tomato

* In Process:
— Chameleon<Grid’5000~ GENI
— GENI&Chameleon Open Science Data Cloud
— Chameleon&XSEDE
— GENI®MAKI ??

e

“Federation-as-a-Service” ? Enabled By SDXs? O T %R LIGH Ts
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