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Introduction to iCAIR:;

: e Accelerating Leading Edge Innovation
EGA‘IR.I“M“(NR ; ]
_gPe . eeww and Enhanced Global Communications
s 5?0“ through Advanced Internet Technologies,
in Partnership with the Global Community

- Creation and Early Implementation of Advanced Networking
Technologies - The Next Generation Internet All Optical Networks,
Terascale Networks, Networks for Petascale and Exascale Science

Advanced Applications, Middleware Lage—Scale Infrastructure, NG
Optical Networks and festbeds, Public olicy Studies and Forums
Related to Optical Fiber and Next Generation Networks

- Three Major Areas of Activity: a) Basic Research b) Design and
Implementation of Prototypes and Research Testbeds, c) Operations of
Specialized Communication Facilities, and Networks (e.gH, StarLight,
Specialized Science Networks, the Metropolitan Research and Education



Selected ICAIR Research Topics
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Transition From Legacy Networks To Networks That Take Full Advantage of IT
Architecture and Technology

Extremely Large Capacity (Multi-Tbps Streams)

Specialized Network Services, Architecture and Technologies for Data Intensive
Science , Including Network Appliances such as data Transfer Nodes (DTNs)

High Degrees of Communication Services Customization

Highly Programmable Networks

Network Facilities As Enabling Platforms for Any Type of Service
Network Virtualization

Tenet Networks

Network Virtualization

Network Programming Languages (e.g., P4) API (e.g., Jupyter)
Disaggregation

Orchestrators

Highly Distributed Signaling Processes

ork Operations Automation (Including Through AI/Machine Learning)
89\ /SDX/SDC/SDS/SDI/SDE GCAIR
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Selected Applications
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International Federated Testbeds As Instruments
for Computer Science/Network Science

« The StarLight Communications Exchange Facility
Supports ~ 25-30 Network Research Testbeds
(Instruments For Computer Science/Networking
Research)

« Software Defined Networking Techniques Are Used To
Segment (“Slice”) Distributed Virtual Environments

« StarLight Supports Two Software Defined Exchanges
(SDXs), An NSF IRNC SDX & a Network Research GENI
SDX (Global Environment for Network Innovations)

« The GENI SDX Supports National and International
Federated Testbeds

Q ST/ RLIGHT"



StarLight SDX Overview

« This IRNC StarLight SDX Initiative Is Designing, Implementing, and
Operating New Services For Global Data Intensive Sciences, Based
On Emerging Next Generation Architecture and Technolgies,
Including Virtualization, Orchestration, Segmentation (Slicing),
Software Defined Resources, Programmability and Customization.

« These Macro Trends Enable Exchanges To Be Agile Platforms For
Dynamic Services Provisioning, Real-Time Responsiveness, and
Distributed Control Over Core Resources, Including By
Applications, Edge Processes and Devices.

This Project Is Transitioning Network Exchanges
1o

Open Innovation Platforms

Q ST/ RLIGHT"



StarLight — “By Researchers For Researchers”

StarLight: Experimental Optical
Infrastructure/Proving Ground
For Next Gen Network Services
Optimized for High Performance
Data Intensive Science

Multiple 100 Gbps
(60+ Paths)
StarWave

100 G Exchange
World’s Most
Advanced Exchan
Multiple First of a
Kind

Services and
Capabllltles ewfromStarnght

Abbott Hall, Northwestern University’s
Chicago Campus

(Q C ST “RLIGHT"
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Global Research Platform: Global Lambda Integrated Facility
Avalilable Advanced Network Resources
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Emerging US SDX Interoperable Fabric
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Qmmeleon

www chameleondoud org

CHAMELEON: A LARGE SCALE, RECONFIGURABLE
EXPERIMENTAL INSTRUMENT FOR COMPUTER SCIENCE

Kate Keahey
Joe Mambretti, Pierre Riteau, Paul Ruth, Dan Stanzione ]




MNSI

R BN

clena. EERIE

TOMATO
IpenFlow
InataGENI

L, o Uiz oF Tisor
= ExoGENIFSS] InstaGENI
narity ¥ dopenrio == L Node

KRUight

T JAPRIED
REEERFLE
CHITER HE:

[-ﬁ’” y
5"_ A 1
L

RONAITER
D panFlos

AETURES

PACITFIC WalLE

GRPNet

TOMATO
InztaGGEMNI
IpEnFiow

sin gf\ne N

MA>

STHRLIGHT

CENI AN o
GENI AM InstaGEMI GEMI AM

InataGEMI
penF oy

ExoGENIE NS Cpenflow
CpenFlowl— ]

-

UNIVERSBIT

—

"

UNIVERSITY [TOMATG
o | TAH

L Talm'ra
I o Tenuse Lvessi

u KAISERSLAUTERN

InstaGEM|



A Cross-Pacific SDN Testbed

2 Fermilab
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New Science Communities Using
LHCONE

Belle II Experiment, Particle Physics Experiment Designed To Study
Properties of B Mesons (Heavy Particles Containing a Bottom Quark).

Pierre Auger Observatory, Studying Ultra-High Energy Cosmic Rays, the
Most Energetic and Rarest of Particles In the Universe.

In August 2017 the PAO, LIGO and Virgo Collaboration Measured a
Gravitational Wave Originating From a Binary Neutron Star Merger.

The NOVA Experiment Is Designed To Answer Fundamental questions in
neutrino Physics.

- The XENON Dark Matter Project Is a Global Collaboration Investing
Fundamental Properties of Dark Matter, Largest Component Of The Universe.

New=> DUNE/ProtoDUNE — Deep Underground Nutrino Experiment

11




High Energy Physics SDX DTN Prototype Service
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StarLight SDX Geoscience Research Workflow
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20th Innovations in Clouds, Internet and Networks

i  PARIS

2 e weanii e s - W, March7-9,2017 n
Bioinformatics Software-Defined Network
Exchange (SDX):
Architecture, Services, Capabilities, and
Foundation Technologies

Joe Mambretti, Jim Chen, Fei Yeh

s &

International Center for Advanced Internet Research
Northwestern University
Robert Grossman, Piers Nash, Alison Heath, Renuka Arya, Stuti Agrawal,
Zhenyu Zhang

Center for Data Intensive Science

University of Chicago
Chicago, lllinois, USA .
1CAIR
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2016 Bloinformatics SDXS Network
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International P4 Experimental Networks (i-P4EN)
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100 Gbps DTN Optical Testbed

Ciena’'s OP" research network testbed

- N Saervice

== e Recenlly Deployed Hanover

Baltimore
Wash DC

ST “RLIGHT"




SCinet-Dallas

existing 100G
new 100G SCae SC27 5Con &S0 SC30 SCn S 5.3 S04 5C23 524 el SCE S‘E"_lght
existing 40G nfinera tc; ;)a!lasE et
— existing 2G i : ; : SC02,39 via &
Isting Ciena W51 Ciena WS2 Ciena WS3 Ciena WS4 DCl 02326 via CTL
- LR4 T T ) SC27-34 via 12
B Lri0 \\ 1 " il
M sk _ ESnet - Internet2 = “ CenturyLink =
RRA205.07 RR205.07 [AA203.06
S—
\_./—/ SL-1=NRL
SL-2=NRL/U
SC27 5C28 5C3t 5Caz 5C33 5C34 5C23 5C24 SC25 5C26 SL-3,4=NASA
Ciena W51 Ciena W52 Ciena W53 Ciena W34 CenturyLink SL-11=0SN
RH217.05 RA217.05 RH217.05 RR217.05 RR2043.08 SL-12=MS5U
SL-5-10=shared
EL5 SL-6 SL-7 SL-8 oL aL-10 5L-11 5112 ——
" SL-4 ML,LFE“;‘“&Q” sL12
81-3 =
ZL1 S8 5L-2 3
EE RAZ217.04 = e
=1 Juniper10K %5
L2 S8 I SL-8 3L-5
NCSA ? b E N
BLb
: MREN8700HD e eLs
RAR204.05 g E|l @ 4
DellZ9100 el 3 z
ARZ17.04 H
L™
PE o Ciena WS
scas SL0 ARZ04.04
SL-5 SL-10 .
ESnet SL-5 o 8 o Hmﬁﬁﬂ&ﬂ?ﬂg o
IXIA s ss | osle208 | @ | 8
p aLen | Cg 5 SL-8 %
’ 5 LL 5L
|n_:' 0 Lo x > § | O 8L-2 5
O = Z2 00 3% &)
=0C O== 0O o+ P4
ScE s o3 2% | Cienas500
B0 ez = o
=z E o < a4 gg RA204.02
H ==
StarLight/SC18 Interconnect 2 ar 40

11,/1,/2018 winkler@mcs.anl.gov

Linda Winkler



¢ Clena TB

T i . JOMTBIG-DATA TESTBED

_" F‘ﬂl:‘ll:l.’\ﬂ'-'! ™y
AR N:tw:n;k

ol y Py -
e gl ' ’
Duuus hpc =, o o 1DFEE o 7 Caeen .-'I " LssT
X |n5p|re=_=. i ﬁ _|I l_ o : -.1\‘.“ i - . i Pasadena :. 4 . f,..-——: SI‘I:E
: 5 ]'4 —t _:-"f CENIC Y ~_
d d oo, Sunmpvae k x" - Migml [

_ - 32 ESnat ; Il‘.\ll'\ "11. 3 L . chlc . )
- e ; \\ ;!-\ L Lclspl'-l'ﬂ_]'E“!th //// ~: J;?E;F;; - "
Still Largely

== |\l //// \\M///

fimyur.com/SC18-JB0T # SCinet
To request changes, please SCinet L1 2x100G DTN 2 SEIHET L1
leave a comment SCI[‘IET L1 SCi r‘let L1 :
T L 1151
i invurl comySC18-NRE SCinet L2/3
- W%’/ /// —~ |
' Arista 400G SW Ciena 2180
: ~ " | 400G XNET DEMO - I
. o Ciena 8180
5 / f; % % g: Arista 400G SW Arista 400G SW \\\\\\\
e o —etm 5 6 Dell 79264F-ON Dell 29100-ON
=2 I TS AN | P\
B— 1000 - CLR4
= 1000 - LR4
— nﬁ d - I = a ‘_ ) E‘:‘ g E L] -
or EELL BBl gl gl (98 |sEjeales) | SR gyg)
ST DE%"‘E:’“ @ 5 T |EE -EZ {.IIZI {.Jll' 'LJZI -Elzl E = E =
- E'Ezﬁgi ] < ,5%% f‘%% 2E mE|aE||lgE L sll=sllsll=s 2
w7 ESCE S |2 ® 2 r:ljr_'l So|lSal(So 5"3 E E E E E
_— 100 ol 8 M| m ] g
- : ’ . Qo9 E J
09/02/2018 elﬂl MORE  StarLight Booth 2851 80 Baot 1403 N Caltech Booth 1413 /




SC 18 Demonstrations of 400 Gbps Disk-to-Disk

WAN File Transfers using RDMA and NVMe Drives
An SC18 Collaborative Initiative Among NASA and Several Partners
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Implementing a SCinet DTN

DTN-as-a-Service,..DaaS
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Supercomputing Asia Data Mover Challenge 2020

Data Mover Challenge 2020 Topology
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Composable Platform as a Service
Instrument for Deep Learning & Visualization [COMPaa5 DLY)
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AMIS: Advanced Measurement Instrument and Services for

Frogrammable Network Measurement of Data Intensive Flows

Yan Lueo, U, of Massachusetts Lowell, Gabriel Ghinita, U. of Massachusetts Boston,
Cody Bumgardner, U. of Kentucky, Michael McGarry, U. of Texas E| Paso
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Transferring LargeScale Airline Data E2E Across WANs Using DTNs
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SENSE Orchestration Testbed
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National Quantum Science Initiative

* Multiple Federal Agency Initiatives
 Multiple Consortium Projects
* Multiple Topics

Physics

Quantum Science
Information Theory
Information Science
Optimization Theory
Materials Science
Quantum Components
Quantum Computing
Quantum Communications
Quantum Networking

« Multiple Projects: Chicago Quantum Exchange, lllinois Quantum
Express Et Al
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Planned Chicago Quantum Exchange Testbed

Fermi National Quantum Argonne
Quantum Accelerator Data Pl National Quantum
Processor Laboratory dla Flane Laboratory Processor

Controller

SDN Control
<= Plane

Morthwestern

Remote Lab Quantum
Central Chicago Quantum '
(600 5, Federal) Switch Processor

StarLight Exchange
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QN = Quantum N

EPS = Entangled Photon Source
SDN = Software Defined Network
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Next Generation Distributed Enviroment
For Global Science
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www.startap.net/starlight
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