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The GRP: A Platform For Global Science

 Glab it D‘llst’rlbuted Multi-Domaifi
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Global Research Platform: Global Lambda Integrated Facility
Avalilable Advanced Network Resources

Next Generation eScience Ecosystem

Visualization courtesy of Bob Patterson, NCSA; data compilation by Maxine Brown, UIC.
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Tbps WAN Services For Data Intensive
Science

A Demonstrations Leverage Experimental Research In the Optimal Design,
Configuration, Components, and Integration Of DTNs

A Technologies: Software Defined Networking (SDN), 400 Gbps Smart NICs,
NVMe over Fabric, RDMA,Techniques For Kernel Bypass Using Zero-Copy
for Memory and Disk Copy (To Avoid Bottlenecks in Large Scale Data
Transfers Over 1.2 Tbps WANSs), GPU Acceleration, P4 And Optimal
Affinity Bindings for NUMA Architecture for Higher Resource Utilization

A Demonstrations Also Showcase Middleware Required to Orchestrate
infrastructure Resources for Reliable, Optimized High-Performance WAN
Data Transfers.

A Demonstrations Showcase Measurement Techniques for Real-Time
Monitoring, Benchmarking and Evaluation including an Al Toolset.

A WAN Service Investigations Include Examining Implications for Production
Operations.
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Tbps WAN Service R&D

A SDX 1.2 Tbps WAN Services

A SDX 1.2 Tbps WAN Infrastructure

A SDX E2E 800 Gbps WAN Services

A SDX E2E 400 Gbps WAN Services

A 400 Gbps DTNs & Smart NICs

A Software Defined Networking (SDX)

A Middleware

A Protocols

A Hardware and Software Configurations
A Transceivers, Fiber, etc
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1.2 Tbps WAN Service Prototype
for Data Intensive Science

StarLight International/National Joint Big Data Testbed
Communications Exchange Facility, Chicago, Il McLean, Va
A0C 400

1000+ Miles/Wave Service
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® | R4 Transceiver + Smart NIC, e.q., CX7

Transceivers

StarLight Tbps WAN Services Previously Demonstrated at SC22 and SC23
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200/400 Gbps DTN-as-a-Service in High-Performance Research Platform
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DTN-as-a-Service(DTNaaS) provides a data movem
workflow in GRP k8s cluster:

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

3. Observe performance from monitoring service

200/400 Gbps end-to-end high-performance
data transfer over WAN

DTN-as-a-Service with microservice
architecture, optimizing and transferring
using containers

NVMeoF with streaming support
Performance monitoring and visualization
using opensource platforms (Prometheus,

Grafana. and sFlow)
GRP DTNaaS 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
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StarLight DTN 400G TCP WAN Service Prototypes

25 TCP streams between SL IntelG5 and SL AMDG5 Servers
Nov 8 2024 Test Results

L.A. loop (NA-REX) RTT 89.6 ms McLean loop (CENI) RTT 27.8 ms
Avg: 378Gb/s Range: 376-382 Gb/s Avg: 386Gh/s Range: 381-391 Gh/s
e N
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StarLight 400G Real-Time Packet Processing Prototype
400G-100G Packet Header Processor Over WAN With Tofino2 + FPGA

Yu-Kuen Lai, Miura Hideyoshi*, Yi-Siang Lin, Yu-Jui Chang, Kouji Hirata Jim Hao Chen, Joe Mambretti

Department of Electrical Engineering, Chung-Yuan Christian University, International Center for Advanced Internet Research
Chungli, Taiwan Northwestern University, USA
*Graduate School of Science and Engineering, Kansai University, Japan
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International Federated Testbeds As Instruments
for Computer Science/Network Science

A The StarLight Communications Exchange Facility
Supports ~ 28 Network Research Testbeds (Instruments
For Computer Science/Networking Research)

A StarLight Supports Two Software Defined Exchanges
(SDXSs)

A An NSF IRNC SDX & A Network Research

A A Research SDX Supports National and International
Federated Testbeds
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NA-REX North America Research & Education Exchange Collaboration

3 ol ~ey
Seatflej, T
PACIFIC WAVE T e | |
r ——
fé VU A
J
// S
/
4
{ 7
!
4
( \
J -
| Chicago
\ STARLIGHT
Sunnyvale
PACIFIC WAVE ‘?
\
\
{
L

Los Angeles™"
PACIFICWAVE « \
% ‘P’

@ Participating R& E IX
=~ NA-REX Backbone, 100Gbps to 400Gbps

November 2023

Montreal *,
CANARIE - MOXY

§ Boston
/INTERNET2 - IX
2w York

WTERNET2 - MANLAN

McLean, VA
INTERNET2 - WIX

Miami
AMPATH

& | AMPATH

PATHURY o menicas

o

canarie

. FNFRGY SCIENCES NETWORK

&

International
Networks

at Indlana University

STHRLIGHT

CENIC

PACIFIC

NOITHHEST_
GIGAPOP

o —
PACIFIC WAVE



Paul Ruth Pl, RENCI: FABRIC

& ESnet
INT EL :-I’I VLT LS
KREOMET/KRLight ~ Google Cloud
KISTI dWs /4 Azure
[ PEERING
KREONET/
KRLight Seattle The BGP Testbed
TransPAC
UKY  UBich
iZiiana Princeton
MEAAR
O Rutgers O ¢ )UMass NEAAR
Utah Chica
[ ] Staﬂiggrl:: NYC MANLAN P==4NA London NetherLight
Salt Lake City 5C GEANT Open Open
@ ® e ESnet Exchange Exchange )
Kansas City ashington
GPN D.C. ANA
RENCI GEANT Open
I\%X Exchange [—O )
SRI
Los Angeles tianiy B { CERN |
O %Jsmcmsox
UCSD/SDSC Clemson
TACC . .
Terabit Core Link
Dallas .
Layer 2 Link
FABRIC Node (ESnet) @ i
AMPATH Layer 1 Link

FABRIC Node (R&E Facility) @
FABRIC/FAB Node @

Others Infrastructure ee——
/lmmiago] [ Sao use to construct Layer

Ghile S 2 connections

Data Center v -
i ; CPTEC
Univeraky of Giile AmLight Express and Protect
(AmLight-ExP)

Core = 1.2 Thps ST fRLIGHT"




Ciena CENI

e /)

2X1006 un’}w

/]
IN?R/N[ f

STHRLIGHT" "

26006 \ Y MA

2X100G [FY Universiry

OF AMSTERDAM

4006 |

'
UTAH EDUCATION AND ) , |-L| ht
rrrrrrrrrrrr \-



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
(110+ Paths)
StarWave

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

Services and L5 abbott Hall, Northwestern University
g Y g : ott Hall, Northwestern University’s
Capabllltles View from StarLight Chicago Campus
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SC24 Network Research Exhibitions: SciTags, AutoGOLE / SENSE, P4, FABRIC, and Other Research Testheds

* SciTaps: packet marking and flow labelling

* AuteGOLE[SENSE: deliver network services end-to-end in a fully
CANARIE/CANET e automated way via the Network Service Interface Connection Service
s | Canada T o [N5kES)
Y Montreal * p4: Programming Protocol-independent Packet Processors
SINET S * FABRIC: International infrastructure for experimentation and
Tokyo U Wictorta research at-scale in the areas of networking, cybersecurity,
distributed computing, storage, virtual reality, 36, machine learning,
and science applications
* NICT, NIl and GEANT experiment
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OFC 2025 San Francisco

A OFC 501 Celebrating 50 Years Of Optical Networking
and Communications

A Moscone Center, San Francisco, California
A Technical Conference: 30 March i 03 April 2025
A Exhibition: 017 03 April 2025

A Expected: Over 13,500 Registrants From 83+ Countries,
Showcase of More Than 700 Exhibiting Global
Companies

A Topics: 1.6 Terabit, Al, Coherent PON, Linear Pluggable
Optics (LPO), Multicore Fiber, Data Center Technology,
Quantum Networking, etc.

A OFCnet i Supported By CENIC, et al
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800G StarLight to Show Floor FABRIC RACK

SL- 7 Clena FABRIC Rack

G5DTN3 SN WS5 G5DTN 2 X

2 X 400G Salt Lake

. . 400G
Chicago FABRIC Cit R
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400G StarLight to Show Floor to StarLight

(NA-REX + FABRIC)

Ciena-Traveling

SL-GoDTN CENIC FABRIC Rack
400G NA-REX .
- L.A. Switch or NOC
Chicago .
San Francisco
ohicage FABRIC

ST “RLIGHT"




800G StarLight to OFCnet Staging To StarLight

(As RL-SL 800G D2D DTNs Available)

NRL-SL-
GSDTN1
2 X400G*
Chicago
Ciena W Ciena-Traveling
SL-9432 WS5 | FABRIC Rack
Chicago Salt Lake Switch or NOC Loop Back
City J San Francisco
" NRL-SL-
GSDTN2
2 X 400G * * Use SL DTNs for 800G M2M as back up plan
~ Chicago
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400G StarLight To Show Floor to StarLight

(CENI + FABRIC Long Path)

SL-GSDTN1 CENI

400G StarLight- CETC
Chicago McLean o
McLean -L.A
Ciena Ciena-Traveling
SL'SS&TN? WS5 FABRIC Rack
Chicado Salt Lake Switch or NOC
9 City San Francisco
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CERN - CNAF DCI

As presented last year we have a pilot link based on .
multidomain Spectrum sharing Connection.

We manage to aciate a 4x100Gbps tobe used as LHCOPN INFN
link for INFN-T1 during the Data Challenge 2024 —

\ B
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