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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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StarLight — “By Researchers For Researchers”

StarLight: Experimental Optical
Infrastructure/Proving Ground
For Next Gen Network Services
Optimized for High Performance
Data Intensive Science
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Internet2 Backbone Topology

Backbone Topology - Capacity and Traffic Management

Chris Wilkinson, Director of Planning and Architecture
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NA-REX North America Research & Education Exchange Collaboration
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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

A Research SDX Supports National and International
Federated Testbeds

§ ST/ RLIGHT"



StarLight Software Defined Exchange

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

Innovation Workflow
StarLight Testbeds
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Chameleon Large Flow Appliance
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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 SC23 National WAN Testbed Is Being Designed and
Implemented To Support Demonstrations and

Experiments Of Innovations Related To Data Intensive
Science

Q ST/ RLIGHT"
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* AutoGOLE /SENSE: deliver network services end-to-end in a fully
automated way via the Network Service Interface Connection Servic
(M5I-C5)

* P4: Programming Protocol-independent Packet Processars

* FABRIC: International infrastructure for experimentation and
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Example SC24 SCinet Network Research Exhibitions

* Global Research Platform (GRP)

« SDX 1.2 Tbps WAN Services

« SDX E2E 400 Gbps 800 Gbps WAN Services

* 400 Gbps DTNs & Smart NICs

* Orchestration With Packet Marking (SciTags)

« ESnet High Touch 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

P4 Integration With Kubernetes, P4 Global Lab

« NASA Goddard Space Flight Center HP WAN Transport Services (400 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

,‘NTI\IQ for Research Enhanced Environments (()I\II(‘)I\I-RFD OI\IIOI\I)
~Pistributed Hybrid Quantum Computing With PQC/QKD Secured Links ST RLIGHT"™



SC24 WAN-Transport Preliminary Map - August 9, 2024 |
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Planned StarLight Booth SC24, Nov Atlanta
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Karlsruher Institut fiir Technologie

NOTED
at KIT

NY3D ela yled 3nejap NdODIH1

NOTED /
Ea -

Dynamic Circuits ‘7
i LHCOPN default path ?Le

Data transfer

l'_'.

JFTS €CRID .G ..

File Transfer Service

Computing Resource Informatien Cataloag

Q ST “RLIGHT"”
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Karlsruhe Institute

SKELETON AND ELEMENTS OF NOTED FLOWCHART AND DATASET STRUCTURE
NOTED + Input parameters: configuration given by the user
I — In noted/config/config.yaml — define a list of {src_rcsite,
m:;m—- 4— dst rcsite}, maximum and minimum throughput threshold,
. " SENSE/AutoGOLE VLANs UUID and user-defined email no-
tification among others.

S + Enrich NOTED with the topology of the network:
—— Query CRIC database — get endpoints that could be involved

a “ 6 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. —>lget 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 It 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.

SM

ST “RLIGHT




Scientific network tags (scitags) is an initiative promoting
- identification of the science domains and their high-level
SC1 t ag S.0 rg activities at the network level.

Network Flow and Packet Marking for It provides an open 'system usmg'openrsource techn?logles that.helps
Global Scientific Computing Research and Education (R&E) providers in understanding how their networks
are being utilised while at the same time providing feedback to the scientific

View On Download Join community on what network flows and patterns are critical for their

GitHub  Tech. Spec scitags.org computing.

Our approach is based on a network tagging mechanism that marks
network packets and/or network flows using the science domain and
activity fields. These tags can then be captured by the R&E providers and
correlated with their existing netflow data to better understand existing
network patterns, estimate network usage and track activities.

The initiative offers an open collaboration on the research and
development of the packet and flow marking prototypes and works in
close collaboration with the scientific storage and transfer providers to
enable the marking capability. The project is currently in the

Hosted on GitHub Pages —Theme by orderedlist prototyping phase and is open for participation from any science domain
that require or anticipate to require high throughput computing as well as
any interested R&E providers.



sczz Demonstrations of 400 Gbps Disk-to-Disk
WAN File Transfers using NVMe-oF/TCP

Joint Blg Data An SC22 Collaborative Initiative Among NASA and Several Partners

Testbed
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Resilient Disributed Processing & Rapid Data Transfer

1CATR /StarLight
Chicago. ITL.

ESnet Testbhed.
Berkeley. CA
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GRP DTNaaS For Petascale Science

GRP Service: DTNaaS for Petascale Sciences Data Movement _
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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
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SC23 NRE-010: Multi-site data streaming orchestration with SciStream

ESnet Testbed Node
(LBMNL)

SciStream;  SciStream

|
/ f"E Snet Testl::ed

AN Service

SC23 Joint Big Data
Testbed Node

(Denver)
wcistream;  Scistream:;
—7_82Cs

52 I:IJ-;'S

F

f’SCmet "."la‘:f'nhl_ﬂ~~~
%’ Semce

--\.H_\____

Fabric Testbed Node

(" StarUght SDX ) Sclstream:  iSciStream:
“AN Service ™ 22D5 L 94C3
./ SN
—x___ S -
Connections
StﬂFLig ht SDX data plane
Testbed Node (200/400 Gbps)
(Chicago)
wcistream;  Scistream: Control
12205 0 1 32DS plane




ESnet Gamma Ray Energy Tracking Array (GRETA) Prototype

GRETA Data Pipeline

Mode 3 Aggregate Mode 3 Mode 2 Interaction Point Aggregate Mode 2
Waveform Data, Waveform Data, Data + Mode 3 (debug) Interaction Point Data +
32MB/sec/crystal AGB/sec total 2MB/sec/crystal Mode 3 (debug)
240MB/sec

Event

Filter Forward . Event
Boards Buffer P'gffs’f;'rng Builder
%30 Filter Boards x4 Forward 33 nodes,
Buffer Nodes 2112 cores, Time-ordered Mode 2
66 GPUs + Mode 3 (debug) +
Aux. Detector Data
LF00MB/sec

Aux
Detector
Auxiliary Detectciﬁf////f
Data 250MB/sec

Source: ESnet Testbed RLIGHT"



GRETA to DELERIA

Aggregate Mode 3 Mode 2 Interaction Point Aggregate Mode 2
HAvolc - o.u Waveform Data, Data + Mode 3 (dedug) Interaction Point Data +
32MB/sec/crystal 4G3/sec total 2MB/sec/crystal Mode 3 (debug)
/ / 240MB/sec

f (
\ | \
Fimor . N ~ N Forward 8 Sgnal . i . . Evert e
Boards — Network sy Buffor —p Network sl D«g«::\m — Network sy s —? otwork s !. v

s S LN

x30 Filter Boards x4 Forward ~120 nodes,

Buffer Nodes Time-ordered Node 2 Prompt
Aux ~5000 cores + de 3 (debug) + Aclyss
F;:::T‘ Aux. Detector Data
500MB/sec

Detoctor _‘9 Network

Impact: scaling up
online processing using
user facilities

Auxiliary Detector
Data 250MB/sec

Testbed equipment
Berkeley, California

[P AP R ] Testbed
Ile‘nﬂ;!’l Router
m Starlight |

e Chics%

° Guaranteed
bandwidth

° L2/L3 VPN

e Orchestration

Detectors, LBL <

Berkeley, California

LBL network ESnet Testbed network

ESnet

ORNL - IRI Testbed

[

c—o| Ioall

¢ ' CPU/GPU
cluster

ORNL network

Source: ESnet Testbed
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bAsvec

SC23 Bandwidth Challenge

StarLight contributes 4 of Top 5 StarLight contributes 2 of Top 5

SC Aggregate WAN OUT SC Aggregate WAN IN
Intertaoe Interface
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International P4 Testbed Showcase at SC23

GRP Service: International P4 Experimental Networks (iP4EN)

[— —
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Integration With GEANT P4 Testbed

StarLight \L

STH#RLIGHT

% RENATER

am e

RARE P4 switch GEANT

10GE link GEANT
100GE link
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P4 Switch

www.geant.org
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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 ]




FABRIC Testbed (+FAB)

| Seattle

¢ (N | ESnet
e %‘ic" Indiana g "
Y % én-nccer)on
) | - % 4
utah © L Ng i R U @iass _NEAAR
‘ 2 Ghicat
CENIC ® ** Stariight ch' ANA NetherLight
PacWave Salt Lake City . GEANT Open Open
LA f © . Washy gton ESnet Exchange Exchange
‘asnin -
3 \ / GPN Kansas City . i)
g RENCI ' GEANT Open
LENLE O Exchange [ O_"
SRl/Stanlord Allama E=Snet
.Los Angeles — CERN
-
FABRIC Node (ESnet) @ £ § . OGaTech/SOX
FABRIC Node (R&E Facilty) @ UCSDISDSC ios O ‘ C\emson
FABRIC Node (International) (@ -‘D‘a."as: . ‘ ematonal Linke
International Links }
FIl/ FABRIC Node (ESnet) @

FABRIC Node (R&E Facility) @

Brazil
Data Center
University of Chile AmLight Express and Protect
(AmLight-ExP)

FABRIC Topology - with FAB Sites

RLIGHT"



Ciena CENI
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Ciena CENI

Current CENI Topology (April 2024)

1x 200G
2X100GE [ Meemmmmmmmeeeeooo

\
: CANARIE Line System

1x 100G
1x 100GE

X006 | e ‘
1x 100GE

2x 100G Dark Fiber
2x 100GE

" 1x200G
2x 100GE

| PO
¢

ToNRL To NASA

! MAX McLean JBDT

ST “RLIGHT
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FABRIC Federation Software Extension (FabFed)

e Goals

Provide a software stack for FABRIC users to run experiment with tool-based
federation across multiple testbeds and providers

Integrate external network and cloud resources into a FABRIC slice in an
automated and orchestrated fashion

Explore a “testbed of testbeds” paradigm for the future

o Targets

NSF Cloud Testbeds (Chameleon & CloudLab)
Internet2 AL2S L2, L3 and Cloud Connect Services
Public Cloud (AWS, GCP, Azure)
AutoGOLE/SENSE Testbed (most regional and international RENSs)
Other NSF Testbeds such as POWDER. and more

ULNET INDI ICOLUCTUOD ouUulLlil dao r\ ViC



StarLight: Founding Partner Of Supercomputing Asia DMC International Testbed

Data Mover Challenge 2021 Topology
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National Research Platform

REecioNAL RESEARCH AND EDucATiON NETWORKS IN THE UNITED STATES

/ oposed Extensmn of Nautilus 2021-2024

‘: Al \ UN-L + GPN
New 56 GPUs + 216TB
32 GPUs + 216TB ' )

New 72 GPUs

NETWORK

N 8 GPUs + 256TB ’

168 GPUs + 704TB ’

New 32 GPUs +216T8 - New 32 GPUs + 216TB

s
“Baltimore

\
\ 1/WVN 7
" Charleston ’

\ 8 GPUs +2PB ’ A '|  Clemson U+ SCLR

New 32 GPUs + 216TB

N\ RS g I l \*Nbp{qyerque
\ 5 g B 300 GPUs + 1PB

New 32 GPUs + FPGAs

New 8 GPUs + 216TB

e~ =TRS NN '
{1 Existing CHASE-CI EPSCoR New GPUs + THE QJHT
GPUs + Storage Institutions Storage i"ﬁ
b} ' )

scanmen CEN® CENIC ©FLR M GPN Ve (2 G@amen [es) KRON, LEARN LEFMI MeRAL MAX
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Fermi National Accelerator Laboratory

WAN Connectivity Transition! (to 2.4Tb/s...)

- IhcOPN < ..« IhcONE <

New Border Routers:
-""""" * Arista 7808R3s
Z i * 400-800GE technology
* Deep buffers

Old Border Routers:

* Brocade MLXes
* 100GE technology

Site
Interconnect

General LAN
‘ 7 Data center | USCMS-Tier1

Also: Large Scale Network Research Testbed On Site
2= Fermilab



Quantum Communications And Networks:
Motivation

« Quantum Enables Many New Applications

— Security — e.g., Quantum Key Distribution (QKD), Highly Secure
Information Transmission, Quantum Encryption

— Quantum Sensors
— Quantum —e.g., Precise Clocks

— New Applications Derived From Unique Properties (e.g., Superposition)
And Novel Quantum Devices

— Communications Among Quantum Computers, e.g., To Address
Complex Computational Science Problems Through Distributed
Quantum Environments (iCAIR’s Quantum Research Focus)

Q ST/ RLIGHT"



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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IQUIST Quantum Network Testbed: QUIUC-NET

(Hyper)Entangled Sources
Photon Detectors
Quantum Memories
Processing Nodes

Net Aps FREE-SPACE QUANTUM COMMUNICATION
Protocols

Distributed Processing

Sensing Net Verification

Repeater Enhanced Quantum Links
Free Space Quantum Communications—j

\ /

Turbulence strangth scafs favorably

with haght, capecially over kong

dstances due o earth curvalure

Source: Paul Kwiat, Director,
IQUIST

,4\
ISP ST/ RLIGHT"



ECOC Teleportation Paper

 Quantum Teleportation Over Optical
Fibers Carrying Conventional Classical

Communications Traffic

« Jordan M. Thomas, Gregory S. Kanter, Fei I. Yeh, Jim
Hao Chen, Joe J. Mambretti, Scott J. Kohlert, Prem
Kumar

Q ST/ RLIGHT"
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NRP -MGHPCC
XRootD Cluster

NRP - StarLight
XRootD Cluster

CALTECH
XRootD Cluster
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Extending Data Center Services Over 400G WAN

Prototype Solution Initial Results:

Single Stream RDMA/RoCE Over 400G Network

3intel2 « F760dt3

StarLight-San Diego OFCnet loopback: Rtt 96.4 ms, Peak @ 397G

1CAIR March 24,2024 ST3%ER L 1G H Tsbx
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OFC 2025 San Francisco

« OFC 50 - Celebrating 50 Years Of Optical Networking
and Communications

« Moscone Center, San Francisco, California

« Technical Conference: 30 March — 03 April 2025

« Exhibition: 01 — 03 April 2025

« Expected: Over 13,500 Registrants From 83+ Countries,

Showcase of More Than 700 Exhibiting Global
Companies

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

« OFCnet — Supported By CENIC, et al

Q ST/ RLIGHT"



CERN - CNAF DCI

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

We manasﬁfi to activate a 4x100Gbps to be used as LHCOPN
link for INFN-T1 during the Data Challenge 2024

INFN

Istituto Nazionale di Fisica Nucleare

Geneva
CERN DC

[ or
N1400 G

Also Ref LHC Data Challenge

] GEANT
Open Line System
b= b=

Milan PoP




IRI Testbed - A shared playground for IRl developers and
pilot applications will accelerate transition to operations

____________________________

“A best practice in systems design is to create an at-scale test
environment in which to build, assess, and improve tool
functionality before transitioning technology and systems to 19 | nersc TR
production. Such a common test environment, or testbed, can help |~ ; :
the broader complex move swiftly to realize an IRl built |

on a collectively strong set of tools and . 60‘\
functionality already shown effective for | -(\(-\\(\Qé;\\oe i)
s science.” ' 9 \Q\\’& —
e I - Federated IRI Science Testbed (FIRST) . ® o) S =
(FIRST): A Concept Note L3
o report F
DESnet aouwres o agore . [IEIE
. Monga, M. Shankar, C. Guok, “Federated .

IRI Science Testbed (FIRST): A Concept : x
Note”, December 2023, doi:10.2172/2205149,
<https://doi.org/10.2172/2205149>

&O,\K RIDGE bot
National Laboratory 4 4
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www.startap.net/starlight

Thanks to the NSF, DOE, NASA,
NIH, DARPA
Universities, National Labs,
International’ @ Industrial
Partg ,
angnOther porters
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