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Global Research Platform: Global Lambda Integrated Facility
Avalilable Advanced Network Resources

Visualization courtesy of Bob Patterson, NCSA; data compilation by Maxine Brown, UIC.
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Instruments: Exebytes Of Data
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NSF’s Cyberinfrastructure Framework for the 21st
Century (CIF21)

« “Across the full range of NSF---supported fields increasingly
sophisticated instrumentation and expanded computational
resources are opening new windows onto phenomena from the
universe to the human brain, from the largest scales to the
smallest. Across all domains, data play the key role in a profound
transformation of the culture and conduct of science and society.

« This Revolution Will Transform Research, Practice, And Education
In Science and Engineering As Well As Advance Innovation In
Society

 This vision of the near future shows clearly the urgent need for a
comprehensive, scalable, cyberinfrastructure that bridges diverse
scientific communities and integrates high--performance
computing, data, software, and facilities in a manner that brings
theoretical, computational, experimental, and observational
approaches together to advance the frontier.”
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Theme 1: Large Scale Global Science

« Science Domains Create Cyberinfrastructure
Ecosystems, Some Distributed World Wide, Some
Devoted To Domains, Some Shared Among Domains

 Minimal Opportunities For Information Sharing On
Cyberinfrastructure Architecture, Implementation,
Technologies and Operations Among Projects

 Such Opportunities Are Especially Useful For Cross
Disciplinary Research

« Example Ecosystem: HEP - LHC
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LHCOPN map
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[rercas, \ LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle I, Pierre Auger Observatory, NOvA, XENON)
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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.

Recent=> DUNE/ProtoDUNE — Deep Underground Nutrino Experiment

11




Theme2 : Next Generation Research
Platforms

« “a comprehensive, scalable, cyberinfrastructure that bridges
diverse scientific communities and integrates high--
performance computing, data, software, and facilities in a
manner that brings theoretical, computational, experimental,
and observational approaches together to advance the
frontier”

« Large Scale Science DMZs

« Super Facilities

 National Research Platforms

« Continental Research Platforms

Q ST/ RLIGHT"



Theme 3: Orchestration Among Multiple
Domains

* Instrumentation and Analytic, Storage Resources Are
Highly Distributed Among Multiple Domains
Interconnected With High Performance Networks

A Key Issues Is Discovering Resources, Claiming Them,
Integrating Them, Utilizing Them and Releasing Them

* Increasingly, New Software Defined Infrastructure
Architecture, Services, Technigues And Technologies
Are Addressing These Issues, Especially Network
Programmability (e.g., Software Defined Networking)

Q ST/ RLIGHT"



Theme 4: Large-Scale High Capacity Data
WAN Transport

« Large-Scale High Capacity Data WAN Transport Has
Always Been And Remains A Major Challenge,
Especially Over Global Paths

 This Issue Is Emphasized By A Next Generation Of
Instrumentation That Will Generate Exponentially Large
Volumes Of Data That Has To Be Distributed Across the
Globe

« Often, This Issue Is Considered Reductively Only In
Terms Of Network Capacity

« However, Actually It Is More An E2E Issue, Especially
Given Advances In Core Optical Networking
Technologies

Q ST/ RLIGHT"



Theme 5: High-Fidelity Data Flow Monitoring,
Visualization, Analytics, Diagnostic Algorithms, Event
Correlation AlI/ML/DL

A Major Opportunity For Data Transport Optimization Is
Being Provided By New Methods For Directly Detecting
And Analyzing All Data Flows And Their Characteristics

« Because These Techniques Enable High-Fidelity Views
Of All Flows, Real Time, Dynamic Traffic Engineering Is
Possible With Much More Sophistication Than
Traditional Approaches

« These Techniques Can Be Significant Enhanced Using
AI/ML/DL, Which (Although Still Emerging) Are
Becoming Critically Important Tools

Q ST/ RLIGHT"



Theme 6: International Testbeds for Data-
Intensive Science

« Given Challenges Of Anticipated Large Scale Science
Projects Along With Accelerated Rates Of Ongoing
Innovation, International Testbeds Are Required for Pre-
Production Investigations And Prototyping Of New
Technologies And Techniques Specifically Related To
Data Intensive Science

« Such Global Experimental Research Testbeds Exist
Today, And They Are Being Developed With Enhanced
Capacities, Sites, And Capabilities

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

Multiole 100 Gbps

(110+ ’aths)
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100 G Exchange =
World’s Most
Advanced Exchan P
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International Federated Testbeds As Instruments
for Computer Science/Network Science

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

« 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

§ ST/ RLIGHT"
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StarLight Software Defined Exchange

StarLight Software Defined Exchange (SDX) CD/CI/CD

Innovation Workflow
StarLight Testbeds
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REeGcioNAL RESEARCH AND EDucATION NETWORKS IN THE UNITED STATES

TN

/ \Proposed Extension of Nautilus 2

5 \ UN-L + GPN ’ \
32 GPUs + 216TB '

021 -2024

NETWORK

New 56 GPUs + 216TB

N 8 GPUs + 256TB ’

+  New 32 GPUs +216TB

New 32 GPUs + 216TB

168 GPUs + 704TB ’

New 72 GPUs
Y& Tt X Hlomlomry
A G v Qi;lr.m °’“‘"EM W:""‘“
| \ 8 GPUs +2PB | g S T Clemson U+ SCLR ’
. INTE/R N E TR 5 geeus |l

New 32 GPUs + 216TB

[
\ A £ T Falbuquerque — . 7=
e ) \ \| £ Criant
Los Angeles ,\\’,’ -« e L —wAtlanta \
0

New 8 GPUs + 216TB

N

\ 3 v N 300 GPUs + 1PB ’

L ESSE—————
New 32 GPUs + FPGAs a5 ,GPUS\*;?GTB
100G 19278 ’ |
',.,o.og Exustmg CHASE-CI New GPUs + THE QUI LT,
| 36Pus Ll Geus+ storage storege g7
KyRON, [EARN L&MI M:RIA MAX

3ROX UNM - ARE-ONWF “Light =
NCREN . A3, NETWORKMAINE NjEd\ N::;::;" NOX n OARnet ””G”Hl ‘\I.\'
Libaias nyvernet e gt OSHEAN

A([ IC ,-\ .H‘.

MBoen merlt MoRenetd) MREN

Q ST ‘RLIGHT"



SC22 SCinet National WAN Testbed

 As In Previous Years, ICAIR Supports SCinet In
Designing and Implementing a National WAN Testbed

A Key Focus Is 400, 800, and 1.2 Tbps Path Services
and Interconnections, Including Direct Connections To
Edge Nodes, Primarily High Performance DTNs

« The SC22 National WAN Testbed Was Designed and
Implemented To Support Demonstrations and

Experiments Of Innovations Related To Data Intensive
Science

Q ST/ RLIGHT"



Persistent Communication Services For Petascale Sciences:
Demonstrations At IEEE/ACM Supercomputing Conference —

SC22, Dallas Texas
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SC22 SCinet WAN Testbed

1T/800G/400G WAN Testbed by ESnet Testbed-12-SCinet-StarLight-JBDT 11/14/2022
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Example SC22 SCinet Network Research Exhibitions
 Global Research Platform (GRP)

« SDX 1.2 Tbps WAN Services

« SDXEZE 400 Gbps WAN Services
400 Gbps DTNs & Smart NICs

* Network Optimized Transport for Experimental Data (NOTED) — With Al/ML
Driven WAN Network Orchestration

« SDX International Testbed Integration

« StarLight SDX for Petascale Science

« DTN-as-a-Service For Data Intensive Science

P4 Integration With Kubernetes

 PetaTrans Services Based on NVMe-Over-Fabric

« NASA Goddard Space Flight Center HP WAN Transport Services
* Resilient Distributed Processing & Rapid Data Transfer

« PRP/NRP Demonstrations

« Open Science Grid Demonstrations

 N-DISE Named Data Networking for Data Intensive Science

« Orchestration With Packet Marking (SciTags)

« Smart Amplified Group Environment Enhanced with Artificial Intelligence

'@or Global Collaboration (SAGE3) STYRLIGHT"
« JANUS Container Orchestration



Network Optimized Transport for Experimental Data (NOTED)

AlI/ML Driven WAN Network Orchestration
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L TRIUMFSIT@ Esnet srientionr @Ry % e

SKELETON AND ELEMENTS OF NOTED FLOWCHART AND DATASET STRUCTURE
NOTED + Input parameters: configuration given by the user
S — In noted/config/config.yaml — define a list of {src_rcsite,
m::m—b <— o dst_rcsite}, maximum and minimum throughput threshold,
L } SENSE/AutoGOLE VLANs UUID and user-defined email no-
tification among others.
SON
S 1+ Enrich NOTED with the topology of the network:

— Query CRIC database — get endpoints that could be involved

a _“: 5 in the data transfers for the given {src_rcsite, dst_rcsite} pairs.
nalyse on-going and upcoming data transfers:

A

FTS (File Transfer Service): L— Query FTS recursively. —>_get on—gofng data transfers for each

set of source and destination endpoints.

» Inspectand analyse data transfers to estimate if an actioncan — The total utilization of the network is the sum of on-going and
be applied to optimise the network utilization — get on-going upcoming individual data transfers for each source and desti-
and queued transfers. nation endpoints for the given {src_rcsite, dst_rcsite} pairs.

: : , Network decision:

CRIC (Computing Resource Information Catalog): L If NOTED interprets that the link will be congested — provides

» Enrichment to get an overview and knowledge of the network a dynamic circuit via SENSE/AutoGOLE.
topology — get IPv4/IPv6 addresses, endpoints, rcsite and “— If NOTED interprets that the link will not be be congested any-
federation. more — cancel the dynamic circuit and the traffic is routed back.

ST “RLIGHT"
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g :22 scitags.org
' Flow and Packet Marking for Global Scientific Computing DTN-KIT-100g . \\
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SC22

Joint Big Data

Demonstrations of 400 Gbps Disk-to-Disk
WAN File Transfers using NVMe-oF/TCP
An SC22 Collaborative Initiative Among NASA and Several Partners

Testbed

SC22 @ Dallas, TX T VT T
' ne | 1223329930380118

Booth #2450 | MREN

' StarLight
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WSs5

13 I
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H DCI !
Booth #2847 ; MclLean=-=5tarlight (via Dallas)<->McLean (via Dallas)
ARISTA MclLean<->StarLight<->McLean

7280R3* = MclLean<->Dallas (via StarLight)<->McLean (via StarLight)

MclLean<->5tarLight<->MclLean (via Dallas)
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In memory of Paul Lang and Pat Gary
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E1000MNVME2

16-NVME 55D

MAX Suite - Level3 Facility in McLean, VA

MNASANGSFC High End Computer Networking (HECN ) Team
Diagram by Bill Fink - 10/20/2022




Resilient Disributed Processing & Rapid Data Transfer

1CATR /StarLight
Chicago. ITL.

ESnet Testbhed.
Berkeley. CA

st
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F~y Processing and
Network on
Demand

s

Timely Data
Transfer

L

StarLight Booth
SC22,
Dallas, TX

DISTRIBEUTIOMN A: A

- ~
=95% BW
2005 J Efficiency
200G P
JBDT
— MNASAMAI
MclLean VA NRIL.,
Washington DC

“Interconnected and interlocking problems™

demand a high performance dynamic
distributed data centric infrastructure

roved for Public Release

Controller

Network
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Processing &
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GRP DTNaaS For Petascale Science

GRP Service: DTNaaS for Petascale Sciences Data Movement _
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| C_@1ooe ::-_-'_’ ; N @100G | |
| l o !
' | :
y / | (Tmoe . NCI=armet] | )
Pr——— " @ sLretaTrans I ‘,
f | |
H PH..IFIL,wﬁ\\,E @8 X 100G :
/~ mAARC L ) i INT-‘IHETGRPNet :
Q) AtlanticWovel® | o S enxigs !

S amAmlight - ) D -, ] NET ;7 \
. @NXI00G._/ 0 - @;pqg-- T *

|
! CJ.W.-T ( \
! 10G/100G
| \ % JGN-, ¢ ' DTN |
' OSAKA UNIVERSITY | @1 OQG ./ I | @400G :
- - I
Osaka Y ' canarie -k 4_ |
Pt CENI ESnet | l\C ENlkiena ;

@ 10X1OOG

|||||

Chicago

UNIVERSITAS
INDONESIA 1
A

Sao Paulo

_________________ : Talchunngsmchu i
~ McLean VA N X 100G Science DTNs Since 2011 Vancouver/Victoria/Quebec

ST “RLIGHT

SM



DTN-as-a-Service — Demonstrated At SC22

GRP Cluster with DTN-as-a-Service

DTN-as-a-Service(DTNaa$) provides a data movement
workflow in GRP k8s cluster:

1. Deploy DTNaaS workloads via k8s APl server
2. Use Jupyter to optimize and run transfers

3. Observe performance from monitoring service
GRP DTNaa$S Components:

* Orchestrator: controller of DTNaaS to manage
agent and optimizer pods via REST API.

* Transfer Agent: run transfer jobs

* DTN Optimizer: optimize the DTN resources for
workflow

* Jupyter: web interface to run DTNaaS interactively

iCAIR

GRP Cluster Cuntroller_,___,..-f-—---"""

...........................

Provided Sewig:,es"

...........

[y

//'[DTN-as-a-Service -

Jupyter Controller

i K8s API |
' server | b
--------- Monitering Orchestrator pod
Service /‘ I
‘_1 2 ;
Sender node l Receiver node
DTN-as-a-Service DTN-as-a-Service
DTN Optimizer DTN Optimizer
——+ Transfer Agent ——— Transfer Agent
DTN resources Data DTN resources

Movement

bompute |Network| ¢ [ Compute Network|

‘Storage_ |Memory

|

Storage Memory

ST RLIGH Tsox

ST “RLIGHT"




Janus Container Orchestration

Overview

Janus is a container management framework with a focus on advanced networking
configurations. Our approach minimizes external dependencies and provides tooling to
support data mover tuning and lifecycle management. A goal of Janus is to provide a Data
Transfer Node as-a-Service (DTNaaS) capability. Janus has also found use within the ESnet
Advanced Network Testbed and enables the ESnet in-network Data Caching pilots.

Networking

Janus manages a Data Transfer Node's
container networking attachments

e Multi-homing of control and data
networks .

e Dual-stack configurations (IPv4/IPv6)

e Selection of container networks
(host, macvlan, sriov, ...)

Janus service profiles provide external

network configuration hooks

e Ansible playbooks
e Host-based QoS

control

interface

etwork ACLS!

dntspl:nﬁ_ -
interface ~Docker : J

HBF 192,166 yyy.yyyi2d

table imet 2001400 xx:xuxs: 384 host

networking

discovery
and
Iuning .O
control net
bridge
5 r{ ﬁ Janus Agenls‘
data net

180,920 xxx. xxw/ 30
2001:400:zzz: zzex:: M6

[eriov,macvlan]

‘ ﬁ service container (data mover software)

Architecture

v
service ~

requests ﬁ

2) Container networ
3) Host discovery an

Management Host

i | e

A
K .m:vst @ R . container mgmt
.~ ‘capabilities _f""d tuning
DTN Node A DTN Node A
Janus Agent @ Janus Agent
Container Runtime Container Runtime
; data mover | data mover

1) Data mover softw

4) Lightweight service orchestration through APls

Janus Controller

@ | 8

are in managed containers
k and storage optimization
d tuning

10485760168 | +

Comparing performance of
various container networks,
disk-to-disk on 100G
network

data mover: EScp
https://github.com/esnet/EScp

Thank you to Md Arifuzzaman and Charles
Shiftlett for their many contributions.

Contact: Ezra Kissel
kissel@es

U.5. DEPARTMENT OF

ENERGY

Office of Science

o ’3‘ ESnet

BERKELEY LAB ENERGY SCIENCES NETWORK
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KREONet2

NETHERLANDS
NetherLight
— i KREONet2
e KREONet2 —
If@' '/ \' e ot |'/ \\' NTERNET
\ [ st} e |— ; .
N \__/ N/
PacificWave SEATTLE
(__i_‘ VLAN 81x TransPAC g
/ )
i IN" | NIWSINET
,f/ \\ 6 E‘ —_—
) T\
N4 A NIUSINET —
Hong [ . N\ ~~—
KONG | Y, \
VLANs[R990-3959 S \ N\ LOS
SAUDI o . \ _|_ ANGELES
ARAEIA — UoH 7 N UoH N .
VLAN xxxx ] ! m— ] T { ===} II%!ET.
VLAN xxxx \ ! 1x / 1x -
y VLA \ .
VLANs 3990-3999 N ~ N
VLAN(E1x
GUAM HAWAI
A — VLANs .
. VLANs 39903989 _— — A
|Wl—|‘f = \-—.‘/ \, HHHA—XHAK ,/ Y Guam-SG
" SR T P !
—— 1 l VLAN 1026 S /VLAN 1026 -\ ),
~~ VLAN 1028 ~— vLaN 1028 _~—
THUWAL + VLAN 1030 VLAN 1030 SingAREN
JEDDAH
. KAUST
- SINGAPORE

KAUST-US NEW PERMANENT CIRCUITS (PNWGP Proposal: use VLANs 811, 812, 813)

1) StarLight (VLAN 81x - TBD)
Amsterdam = Jeddah > Singapore = Hong Kong = Daejeon = Chicago
NetherLight = KAUST = SingAREN = NICT/NSCC = KREONet2/KISTI = STARLIGHT

2) PNWGP / TransPAC (\VLAN 81x - TBD)
Amsterdam > Jeddah > Singapore > Tokyo > Seattle
NetherLight = KAUST = SingAREN = TransPAC/PacWave

3) CENIC (VLAN 81x - TBD)
Amsterdam = Jeddah > Singapore > Guam > Hawaii > Los Angeles
NetherLight = KAUST = SingAREN > Guam-5G > UoH > Pacific Wave

StarLight -
rd

CHICAGO

The range 3990-399% is also available between KAUST Routers in NetherLight PoP and in SingAREN PoP.
The AutoGOLE / SENSE can be used to sfitch circuits to each end in NetherLight and in SingAREN, and pass traffic
through between Europe and Singapore.

™\

[ e
\ ‘.me J
//

KAUST has deployed 3 circuits - VLANs 1026, 1028, and 1030 — to peer with PacificWave/Cenic, StarLight and SC22

Mike: -= I'm responsible specifically for the path between Tokyo = Seatile’, our suggestion is to use the following
WVLANSs for the permanent VLAN assigments: 811, 812, 813. | can configure the Tokyo side of device interfaces facing
NIVSINET & TransPAC towards Seattle.
Please contact StartLight NOC for the circuit 1, and CENIC NOC for circuit 3



Named Data Networking (NDN)
for Data Intensive Science Experiments (N-DISE)
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NEU/ Node spacs
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OSG Distributed Software Defined Storage Over 1.2 Tbps WAN
With NVMe/TCP Stﬂrage Cluster and DPUs
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NICT-JPG NREs @ SC22

WAN Configuration
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VLAN Contigurations(Japan-SCinet
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International P4 Testbed Showcase at SC22

GRP Service: International P4 Experimental Networks (iP4EN)
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Integration With GEANT P4 Testbed
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Digital Alliance Demonstrations

Of Data Intensive Science WAN Transport
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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 ]

SEFTIMBER 20, 2007 |




Chameleon CHI In A Box(CIAB) at StarLight

| Chameleon Associate Site
o R COFE SL‘F\’ICC‘S Northwestern
0.5 PB Storage Svstem
J  Skylake | 8¢ %)
2 GENI

Standard Cloud Unit
. and other partners
32 compute

Corsa Switch

X2 Chameleon Core Network

Chicago
100Gbps uplink public network TEsepeasssetanm

(each site) Austin
J  Skylake
Standard Cloud Unit
32 compute Heterogeneous Cloud Units
Corsa Switch Coro SPFViCOC. GPUs (K80, M40, P100),

FPGAs, NVMe, SSDs, |8,
ARM, Atom, low-power Xeon
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FABRIC And FAB \ S S

FAB (FABRIC Across Borders) =

FABRIC Terabit SupsrCors Topology
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Chameleon & FABRIC

* Currently, Two NSF Testbeds Are Investigating Methods For Optimizing
Cross Platform Research: Chameleon, A Large-Scale, Deeply
Reconfigurable Experimental Platform for Computer Sciences Systems
Research, and FABRIC, Which Enables Edge And Exploratory Research
At-Scale in Networking, Cybersecurity, Distributed Computing And
Storage Systems, Machine Learning, and Science Applications.

* As A First step, These Projects Plan Demonstrations At SC22

« Demonstrations Will Use Jupyter Notebooks (Which Can Be Shared By
Publishing via Trovi) to Integrate Chameleon and FABRIC Resources.

« One Demonstration Will Implement An L2 Stitched Network Between
Chameleon and FABRIC That Can Be Used With Slices Deployed With a
Jupyter Notebook
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StarLight: Founding Partner Of Supercomputing Asia DMC International Testbed
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Emerging 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

Chicago

. .
g rthwestern
Lab Evanston

MNorthwestern Lab
Chicago [iCAIR)

QN = Quantum N

EPS = Entangled Photon Source
SDN = Software Defined Network




Energing IEQnet Testbed Topology
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www.startap.net/starlight

Thanks to the NSF, DOE, NASA,
NIH, DARPA
Universities, National Labs,
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"Any opinions, findings, conclusions or recommendations
expressed in this material are those of the author(s) and do not
necessarily reflect the views of the Networking and Information

Technology Research and Development Program.”

The Networking and Information Technology Research and Development
(NITRD) Program

Mailing Address: NCO/NITRD, 2415 Eisenhower Avenue, Alexandria, VA 22314

Physical Address: 490 L'Enfant Plaza SW, Suite 8001, Washington, DC 20024, USA Tel: 202-459-9674,
Fax: 202-459-9673, Email: nco@nitrd.gov, Website: https://www.nitrd.gov
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