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The GRP: A Platform For Global Science
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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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Scitags

« Why: The Research Networking Technical Working
Group Was Charged With Enhancing The Visibility Of
R&E Network Data Traffic.

« What: Scitags Is An Open System, Open Source
Initiative Promoting The Identification of Science
Domains And Their Network High Level Activities

« How: Add a Label At the Packet Level Identifying The
Specific Research Project Traffic Using IPv6 Flow Label

« Who: Research Group Led By Marian Babik, Shawn
McKee (Multiple Open Collaboration Partners)

 Ref: IETF RFC-Informational Draft Submitted June 2023
Suggests Using IPv6 Extension Headers
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scientific Network Tags

Packet Marking for Data Intensive Scientific
Workilows

Shawn McKee (University of Michigan), Dale W. Carder (LBNL/ESnet), Eli Dart (LBNL./ESnet), Yatish Kumar (ESnet), Mariam Kiran (ESnet), Andrew Lake (ESnet),
Marian Babik (CERIN), Carmen Misa Moreira (CERN), Edoardo Martelli (CERIN), Tristan Sullivan (University of Victoria), Joe Mambretti (StarLight, iCAIR NU, MREN),
Jim Chen (StarLight, iCATIR N1, Fei Yeh (StarLight, 1ICATR NU), Ting-Yu Lin (StarLight. iCATR NU), Andrew Hanushevsky (SLAC). Bruno Heeft (SCC) DE-KIT.
Tom Lehman (ESnet), Garhan Attebury (University of Nebraska), Neil McEee (inMon Corp.), Tim Chown (Jisc), Duncan Rand (Jisc), Marcos Schwarz (RINP)

Mordic Gateway for Research & Education
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Managing large scale scientific workflows over networks is becoming increasingly complex, especially as
multiple science projects share the same resources but have diverse requirements, constraints, configura-
tions and so on. Amongst the many problems is the lack of understanding about the end-to-end character-
istics of the many different traffic flows, both overall and for a given science domain. This demonstration
showcases Scientific Network Tags (Scitags), an initiative aimed at addressing this problem, i.e., identifying
and then characterising network flows from end-to-end. Scitags utilises open-source technologies to pro-
vide a two-fold benefit: enabling Research and Education networks to understand network resource utilisa-
tion and providing information to scientific communities about the behaviour of their multiple different

network flows.




Scitags

Offset Octet 0 1 2 3
Octet | Bit 0/1/2 3 45678 91011 12 /1314 15|16 17 18 19 20 21 22 /23|24 25 26|27 28 29 30 31

0 0 Version Traffic class Flow fabel

4 32 Payload length Next header Hap limit

* Scitag added by eBPF when the kernel sends a packet to the NIC, not at the time of packet
creation

* Overwriting flow label lightest-weight option

* Adding extension header requires changing next header field and inserting new
header

* Next header values:
* 0: Hop-By-Hop
* 6: TCP
* 60: Destination Options

Source: Tristan Sullivan




Monitoring

 Monitoring is Based On a Prometheus
Dashboard For Bandwidth And DTN CPU Usage

 An InMon Dashboard Based On sflow Is Used
For Actual Decoding of the Flow Label and DO
Header.

* As An Interesting Addition To the
Demonstration, Consideration Is Being Given
To the Potential For Incorporating Netlink Data
Collected By Flowd-go. (Ref Pablo Collado,
Tristan Sullivan)
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Will Scitags Scale To 1.2 Tbps?

 Requires International 1.2 Thps Testbed

* For Reliable, Optimized High-Performance WAN Data
Transfers Methods Include 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, Optimal Affinity
Bindings for NUMA Architecture for Higher Resource
Utilization, Middleware For Orchestrating Infrastructure
Resources.

« Also Required: Measurement Techniques for Real-Time

Monitoring, Benchmarking and Evaluation
§ ST/ “RLIGHT"



IEEE/ACM International Conference On
High Performance Computing, Networking, Storage, and

_ Analytics, St L ouis-Mo=-NOV-2025

 As In Previous Years, With Its International Partners, SCinet In
Designing and Implementing a National/International WAN Testbed
With International Extensions To Support Demonstrations And
Experiments, Many Related To Data Intensive Science

« A Key Current Focus Is 400, 800, and 1.2 Tbps Path Services and
Interconnections, Including Direct Connections To Edge Nodes,
Primarily High Performance Gen5 DTNs

« The SCinet Testbed Uses Multiple Elements Of Existing Production
Networks And Testbeds

* NRE: Network Research Exhibition, Showcases of Experiments and
Demonstrations

Q ST/ RLIGHT"



1.2 Tbps Via CANARIE To Pacific Wave Seattle
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Internet2 Backbone Topology

Backbone Topology - Capacity and Traffic Management

Chris Wilkinson, Director of Planning and Architecture
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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
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StarWave
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International Federated Testbeds As Instruments
for Computer Science/Network Science

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

« StarLight Supports Two Software Defined Exchanges
(SDXSs)

« An NSF IRNC SDX & A Network Research SDX

« The Research SDX Supports National and International
Federated Testbeds

Q ST/ RLIGHT"



Example SC25 SCinet Network Research Exhibitions

«—Global Research Pratform (GRP)

« SDX 1.2 Tbps WAN Infrastructure

« SDXEZ2E 1.2 Tbps WAN Services

« SDX E2E 400 Gbps 800 Gbps WAN Services

* 400 Gbps DTNs & Smart NICs

« Orchestration With Packet Marking (SciTags) at 1.2 Thps

« Coherent Optics Over WANs

+ Real Time FPGA Based Network Measurements

« NA REX Continental Backbone For Data Intensive Science

« SDX International Testbed Integration

« StarLight SDX for Petascale Science

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

« NASA Goddard Space Flight Center HP WAN Transport Services (800 G Dsk-Dsk)
* Resilient Distributed Processing & Rapid Data Transfer

« AutoGOLE/SENSE EZ2E Orchestration Net Services And Workflow Integration
« Open Science Grid Demonstrations

* National Research Platform Demonstrations

« Chameleon FABRIC/FAB Integration

« SciStream Multi Site Data Streaming Orchestration

» Distributed Pipelines Over WANs For On-Line Data Analysis

Q ST/ “RLIGHT"



2*1.2 Tbps WAN Service Prototype
for Data Intensive Science

Based On 2*1.2 Tbps Persistent Testbeds Between StarLight and JBDT

StarLight International/National Joint Big Data Testbed
Communications Exchange Facility, Chicago, Il McLean, Va
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§C25

The International Conference for High Performance

Computing. Networking, Storage, and Analysis .

https: isc28. supercomputing.arg i ’::h:""" e
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DTN-as-a-Service

GRP Cluster with DTN-as-a-Service

DTN-as-a-Service(DTNaa$) provides a data movement GRP Cluster Controller .- A
workflow in GRP k8s cluster: Provided Services” [OTNasaservics | |
1. Deploy DTNaaS workloads via k8s APl server [ KesAPI | e St
' server |
2. Use Jupyter to optimize and run transfers | =% 1 """ g j/imepol
0 : i ) —
3. Observe performance from monitoring service R i S
Sender node l Receiver node
GRP DTNaa$S Components:
DTN-as-a-Service DTN-as-a-Service
* Orchestrator: controller of DTNaaS to manage DTN Optimizer DTN Optimizer
agent and optimizer pods via REST API.
. ——+ Transfer Agent ——— Transfer Agent
* Transfer Agent: run transfer jobs
.. .. DTN resources Data DTN resources
* DTN Optimizer: optimize the DTN resources for computdNetwork I ="~ moutall Network]
workflow | 3 v
Storage | Memory Storage Memory
* Jupyter: web interface to run DTNaaS interactively ‘ ‘
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Potential Testbed Expansions?

« Several Additional/Expansion Testbed Options EXxist
« SC26 Chicago, lllinois

« CERN Networking Testbed

 Fermi Lab Networking Testbed

* OFCnet 2027

« Data Mover Challenge (Supercomputing Asia
Conference — Perhaps 400 Gbps — Although Ref NICT
10*100 Gbps NRESs)

« NSF Chameleon Testbed
« ESnet Testbed
« Coherent Optics (e.qg., ZR/ZR+) Testbeds

Q ST/ “RLIGHT"



._\v

C E R N/FA B R I C/N R P Tes t b e d ( NRP CERN \ C[HNPSm_ruvr \
{‘ Pyl ]y
CERN Building 513 BN, s’
(Data Center) pasitle new NI CEAN 1t % be
o
Network Cab 4 10060R Optcs _ \\'m:,"m?'mu
b] (CERN can pruvido) \_NoFiemt /
ondgure i 2 bonded 40057 or 48~
Sur saparate 100G dnks?
/ \ EdgeCore
| FABRIC Sito: CERN ' Wodge100BF-320s
Racks EXT33, EXT34 as: ‘i‘m ‘*;‘ '; ""o - Tofinot
o 1000 Srosout can
:zwnaig UCSO 12 povide 10 meta ke ESISE-YECWH
om YLANS:
ADOC-DRE MPO ottt
Applic;l;': EE 'Sd;!mQMt (CERN oan pecaie) \\
i
AN VLA e R
R (i e
DM m AL AABRIC VAW o NHP Dl CERNllgh'sMﬂCh ,LHCOPN!ONE aﬂfw \ RNT
RoderSch S < Foder D?Ec r ;1[5)13
- _ WiNgi . . alaCen
I v | ,"‘ ";:'f:rm W \ L513-e-fjupt-1 y
\ { 9000 1T O oy
P2 ' R
4
I Planning & undenady b wpgade
s fom the cument 100G to 400G
| P TR GERN A3
/"~ ESnot Router ™\ : VARERAIE
L camSide  p——
CERN Buikling 513/
= ism =il
>
./‘}
/LHCOPNIONE Border\
. Router
o i \ LITSERIUPI )/
ayor 2 paths Cernlight YLl A
To Remota FABRIC Amstardam Netheright -
Nodes in New York €0017-xyjulk3 | Layer2patho
andlor Washington Amelerdam
NelthesLight Exchange

CERN Bulding 773

'CERN provided IP Space
firewall free
(NRP site needs access to many random po

This element is
part of the Global
P4 Testbed

< BR< < <]

- =



Fermi Lab Networking Testbed

> il ' R
I
/ GCC BDR Router FNAL Testbed e e lais \
/.__\Knalgcc o1 o gec2 Deployment [ donche procuctionl 3
I
hitps Homattsand hal gov 8442fadMsmon'/
ESnet ._F-_NOUG_»* Not using this peering o g ‘:,
Layer2 o for the testbed to FNAL O\ vsmbsémgzi
AN Arist and WAN e
Layer3 AN nsaG
¥ 4x400 [“owaowr )..... -W
T 2 (g :
Sites 4x100G AN :
“ FTS
L2 Service Commurﬂlcauons
OSCARS VLANs
/ 3600-9619  USCMS Testbed !
3 BGP Peeri
: il : dcache (testbed)
I
used to
build this ; ;"n:m:é |
Control Plane 0 VMo systom
Dataplane L r-sen%et?-f(iCZ-1 (i {enessond —_
Nexus N33 108TC-EX i
Two BGP Sessions femorsed
USCMS Teshed
——SENSE Testbed -
|
renenel )0 G-----Arista:# }
eeeeel 00 G----Arista:# /
=400 G--—--Arista:# \_ L1 1 =
eeenel )0 G-—--Arista:# ~ T nm s
BT---Arista:# 36003610 2620:6a:0:284#:0/64
nexus-284#-1.fnal.gov
2620:62:0:2840:/60 ‘ cmssense-origin-284#-1.fnal.gov (2620:6a:0:284#::2/64)
6 /64, active with the ::1 address on the Cisco Nexus cmssense3-origin-2844#-1.fnal.gov (2620:6a:0:284#::3/64) One Host c

A FAAA L LA 4 2620:6a:0:2840::0/64 nameooancoad.arininD04#.4 tnal anv (DRINRaNDQARAIRAN = aeesaana

ST “RLIGHT"




Data Mover Challenge SCAsia

Data Mover Challenge 2023 Topology
‘ R&E Global Routable IP Address

~. CSC FUNET
atant ) AR KREAENET

. .
uvA sURFNET. .| % KISTT o K/’? STHRLIGHT ‘ .
o e p NICF b ¢
K = TransfaC-Facficliave Seamx GEANT
/ n?un DTN @
// Chicago
NlCTJ ] y‘F—l A Florida
apan
\@ KDDI Asia Pacific
DTN @
KDDI, Japan
- Alegh{ ; CLARA
++* DTN @ NSCC,
Singapore
stro/\ren oy
DIN@ |
LEGEND
e Brazil RNP
a on H via Starlink = J

100Gbps Link

1 ) (Existing
Transcontinental

Cables)

. DIN@

Australia
(C)aarnet
NCI

ST “RLIGHT"




~ U o
coherent optics

DR4 400G | DR4 400G
/ A ( B i
. .

a0
|58 .lﬂ o DR |l

l DR4 400G

ao 8

B

"

\_ [] CiscozR+400G

Starlight
Booth 3131

Q ST “RLIGHT"

Sta rllght | I Ciena coherent 400G




d p ONET AsiA PACIFIC OCEANIA NETWORK (APORet)

ASIA PACIFIC DEEANIS NTTWORK

A

_ KREONeZIKST

NN rReNR-PRC

uw.
st

REANNZ

September 2025



Z—SS——  NATIONAL & INTERNATIONAL PEERING EXCHANGE

PACIFIC WAVE

o™y Pacifc Wave Backbone

~~ Pacific Wave Participant Links
~~ Partner Exchange Links

e*=s In-Service Early 2026

Fairbanks
PACIFIC WAVE

® Pacific Wave PoP

@ Partner Exchange

() CENIC-AIR (Al Resource)
O AutoGOLE/SENSE

(O Commercial Peering Points
(Amazon, Google, & Microsoft)

Western Regional Network
States served by WRN members:

+ ABQG: New Mexico

« CENIC: California

+ FRGP: Colorado, & Wyoming

« PNWGP: Washington, Montana,
Alaska, Oregon, & Idaho

« UH: Hawaii

Pacific Wave is a project of CENIC & PNWGP
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