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Resilient Disributed Processing & Rapid Data Transfer

iCATR/StarLight
Chicago, IL.

\
|
/

L
StarlLight "_'.;';"- o —

N
I A\
ESnet Testbed, [\
Berkeley. CA ~ Resilient
Processing and
Metwork on
- Demand
LBNL "R
T T
Stal'Light Booth Timely Data
SC23, Transfer
Denver, CO
Resilient
Distributed
Processing
and
Reconfigurable
Networks

Naval Research Laboratory
Center for Computational Science
SC23 Demonstration

\_g.s. NAVAL
ESEARC
LABORATORY




6 88 General / Testbed Map & = W D @ Olstimoue v Q O 55 @

Testbed Map
Q \“\."0’ 'K:..l "’ o
Traffic Load mes| B // & st
-ou - 10% Jobi
+ ; “'"fm-go-u-}..-. ,,“:.:qgj\'\um

. AT N/ T "
O\

@ 25% - 75% L “é" ?

N . s

/, 72 - N L2 o TO0H0 11 M8 .
Lo T .u«ig—m / L vgw—u um.?l:uu:.-. // — \\ \”}““
90% - 100% o ity [ ) o \\

ansta. 7260 3ocio

AN
i

- -
l e1000mvme2
- MTDpbody e L0k 00 -

o."l 7 H lllll
ik

] \\ 77 lhv
a !1 e Vi

27 = 7Ly
< <

10141k —




SC23

Joint Big Data

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

An SC23 Collaborative Initiative Among NASA and Several Partners

Testbed
SC23 @ Denver, CO e
SCinet MOC | MREN ILATITRRILIRRELLL

Booth #1081

starLight
Booth #1281

-------

ARISTA
TF280R3* =

( R&D Partners )

NMA>

AL AT AT A S

Ciﬂna_ ' lﬂyf_l.-,
ESnet.....o.

STH#RLIGHT"

Tha (kpisca| STAR TAR=

ARISTA

H=CN

High End Computer Met working

5 Looped Paths:
| McLean<-=Denver<->MclLean
' McLean<->Starlight (via Denver)<->McLean (via Denver)
. McLean<->StarLight<->McLean
: MclLean=-=Denver (via StarLight)<->McLean (via StarLight)

1€ SLCinet
éUPERMCR,I' W sAsRENTZ_AMD

CIEMA,

| —— |
T H

. Chicago, IL

McLean<->StarLight<->MclLean (via Denver)

Legend
e 400-GigE
— 200-GigE

LS. MAVAL |
ESEARC

LABORATORY

{ starLight |
ARISTA
7280R3/

7060

MNASA/GSFC-owned ; et

HECM

. E1000MYME1
*IP Routed Loopback Point 16-NVME 55D
Back To MAX Suite - Level3 HECN x4
McLean, VA E1000MNVMEZ2
16-NVME S5D

MAX Suite - Level3 Facility in McLean, VA

In memory of Paul Lang and Pat Gary MWASA/GSFC High End Computer Metworking (HECN ) Team

Diagram by Bill Fink - 10/13/2023



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
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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




$22 scitags.org

Flow and Packet Marking for Global Scientific Computing

[t
DTN-UVIC-100g 1.Clients requesting .dﬂra transfers: fromito
= DTN-3C22-400g while passing sclance
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\l J
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l 4 High performance
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filters to test encoding of N )

the science domains T P P TR T
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IPyG flow label af scale

3. P4 programmabile switch al CERN collecting the sclence domaing and activity bits
encoded n the packeis,
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DTN-5C22-400g
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2. XRootD storage responds to the client requests and marks the data
transter packets with the comesponding science domain and activity,

DTN-KIT-100g ‘(IT
A
':||:||::|:::|:|:|:||:|:||::|:‘|

TR

= DFA

| CERN-LHCONE |

[ P4 EdgeCore Wedge ]

— CERN |
(A S M-

DTN-CERM-100g

2.6GHz/32 cores

550, 100Ghps

5.5ampling of the low level
TCP/IP metrics, which can

be usad by sites and R&Es

1o better understand the —— 200 Geps
seientific flows. —— 100 Ghps
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GRP DTNaaS For Petascale Science

GRP Service: DTNaaS for Petascale Sciences Data Movement _

Singapore Sydnenyrlsbane Daejeon CERN
|5 fngA}? 3 N If DTN \I; ! :
| C_@1ooe ::-_-'_’ ; N @100G | |
| l o !
' | :
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f | |
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| \ % JGN-, ¢ ' DTN |
' OSAKA UNIVERSITY | @1 OQG ./ I | @400G :
- - I
Osaka Y ' canarie -k 4_ |
Pt CENI ESnet | l\C ENlkiena ;

@ 10X1OOG

|||||

Chicago
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A
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_________________ : Talchunngsmchu i
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DTN-as-a-Service — Demonstrated At SC23

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"




ESnet Gamma Ray Energy Tracking Array (GRETA)

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 Detector
Data 250MB/sec

RLIGHT"



SC23 NRE-010: Multi-site data streaming orchestration with SciStream

(LBNL)

SciStream:

ESnet Testbed Node

. SciSfream

DS -

/ f’EE net Testl::ed

"AN Service

SC23 Joint Big Data
Testbed Node

(Denver)
SciStream;  SScistream;
—"%_S2CS

52 I:I.‘i'S

F

”ECII‘IE[ WAFI‘
%‘ Eerwce

Fabric Testbed Node

[ S
€ StarLtht EDK Scistream: iScistream:
"AN Service S2DS L. SJCS
_/ s
—x,%__ . -
Connections
StarLight SDX data plane
Testbed Node (200/400 Gbps)
(Chicago)
wcistream; Scistream: Control
L9205 1 18203 plane
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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
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RARE P4 switch GEANT

10GE link GEANT
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KREONET
P4 Switch

www.geant.org
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Named Data Networking (NDN)
for Data Intensive Science Experiments (N-DISE)

1OOGbpS Test = VLAN number

100 Ghps Sita total capacity
Link capacity

NEU/ Node spacs

MGHPCC 100Gbps throughput test

Sandie-2 SSD: 84S G 100G bps throughput test
- SJIU,. Q80 QO
3844 optional path
RAM: 500 GB s
CPU: 48C/961
~ 10 Gbps
S

AM: 9668 =

CPU: 12C*2 Tennessee

R Tech

1130

,q
I
I
I
I
I
I
I
I
I
I
I
i
I

Caltechl

sandie-7

B N S S S —————— -----J

vme: 1960G8

RANE: S12CH Caltech2

~OU- (24C/AST)*2 Sandie-5

B e o o s o —— - -]

Source Edmund Yeh RLIGHT"




Qmmeleon

www chameleondoud org

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

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




Chameleon CHI In A Box(CIAB) at StarLight

_ Chameleon Associate Site
- B Core Services Northwestern
).5 PB Storage System
| Skylake L 8¢ 3
> GENI

Standard Cloud Unit
and other partners

32 compute
Corsa Switch
K2 Chameleon Core Network Chitiiza
D A PP P SRR PP -iODGbpS Up'lnk pub:-lc nEtWO'( ....................................... . ...... b
(each site) Austin
s SkyLake
Standard Cloud Unit
32 compute Heterogeneous Cloud Units
. : GPUs (K80, M40, P100)
Corsa Switch : SN ’ i
‘1 COFQ SCW'CQS FPGAS, NVMe, SSDs, 18,

CPR Starace Susteary A
3.5PB Storage System ARM, Atom, low-power Xeon




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
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d@QUUETY»> SC23 WAN Stress Test

6T

5T
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Il vwCos-Starlight-#2

Bl WCo5S-Starlight-#1

[ wcC13-Caltech-#2

I vwCos-Starlight-#4

Il vwC12-Caltech-#1

| wWC18-Lumen-Miami

[ wWCo9-Starlight-#5

E wC14-Caltech-#3

I vwCo7-Starlight-#3

B wWC11-Starlight-Mcl.ean

Wl WwC17-ESnet-Chicago W
B wWC16-ESnet-LBNL

B wc21-ESnet

Il WC10-Starlight-#6

@O wCo4-Verizon-Seattle

I WC20-Internet2

B WCO03-Verizon-NICT

[ wcCo1-Front-Range-GigaPop
[ wcCco2-Zayo

SC23 SCinet Data Tsunami
Thursday Nov 14 ~ 6 Thps

SC Aggregate WAN IN+OUT
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= Data Mover Challenge 2023 Topology
| ‘ R&E Global Routable IP Address

CSC FUNET
r) KREANET

mdh@ .....
UVA SURFNET: P — )
% KTl i 1, K—T STHRLIGHT )
X > NICP ACFICW | <)
o e Seml& GEA|
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@ / .;’b”‘ oTN @
Chicago
TNa\'” - " L Florida
NICT, Japan \ 55 K‘M"“
Y DOl Asia
o SngaeN, NCT DTN @
DTN @ KAUST., e
Saudi Arabia il
AmLight -
R —r CLARA
Singapore
N
SlnyAﬁEII
DIN@ [
N |
LEGEND sal | RNP
a‘ ‘ % via Starlink R
100Gbps Link
< > (Existing
Transcontinental
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Australia

Oaarnet
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Data
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Data Challenge

0
02/13,12:00 0214, 00:00 02114, 12:00 02/15, 00:00 02/15, 12:00 02116, 00:00 02/16, 12:00 02/17, 00:00 02/17,12:00 02/18, 00:00 02/18,12:00 02/
== Number of sites

WLCG Site Network Input/Output

300 Gb/s e
== QUT: USCN

250 Gb/s iy
== QUT: Total
200 Gb/s

150 Gb/s

M"AI 1
100 Gb/s .

4
50Gb/s oy .ﬂ

0 Mb/s

-50 Gb/s P e VA i ‘ i

-100 Gb/s

-150 Gb/s

=200 Gb/s

-280 Ghle
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= Home Dashboards Production

Group By  auth_method Source RSE
v Row title

Row title
v Transfer plots

Transfer Throughput

150 GB/s

100 GB/s

75GBjs

50 GB/s

Live Transfer Throughput (1 month retention)

150 GB/s

25 GB/s

100 GB/s

a 8

All Activity

16/02j2024,18:00.00

Tota 436 GB/s
certlficate:  26.6 CB/s
oauth2: 170 GB/s

Data Challenge

a

00:00

method

0:00

ST “RLIGHT"



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
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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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3ROX UNM =< ARE-GNWF *Light

MBDoeR Imerlt More t)) MREN ﬁ T\ Northern s’\' PACLEIC SU-\.I lmm .m

Sl JRENELAY. e NCREN s ﬁtnerwonxmms NJEdg® “fights NOX n .‘OARnet 0]]0[[0[ RN = SQX N (Ut NN wiscet NET.)
L

D) > 50 NRP Workshop March 19-22, 2028 OCHL IGHT"



NRP+FABRIC
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Source: Tom Lehman
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OFCnz NMOC
sSDCC

Booth 923

Fatinary 18, 2024,
|

1
dumnipar

WLAN Demo Assigrmens:
- v ERAI00
o [ cienasita |
Management
OFCEMet
vl 31033105 uniper
Ciena 8110 PTE10001-36MR
.
MultiVendaor
DFC24 VLANS Optical
00-3128

Dataplane

FABRIC Ciena Mode

Source: Tom Lehman

T e——

T - -
o FABRIC, AutoGOLE ™
and other

“._ R&E infrastructure
S )

UCsD/SDSC

MultiVendor

Optical

UCED/SDSC
OASIS 1/2

e

OFC24 WLANe
300-3139
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Example Topology for Testing, Research, Development
Data Management and Movement Systems

y 25, 2024, C

Internet2 FABRIC _STAR FABRIC
LOSA _l SALT | L_NEWY

CENIC_]

| A p

T { "FABRIC |
SA

Internet2
STAR
StarLight
JBDT

FABRIC
ATLA

FABRIC

/GE:SD.-’SDSC
i
|'

ﬂfnp _UCSDISDSC

R Data Sink ™ M%§,  Data Saurcs
. . | P*y* XRootD Clustsr ! | f*y* ¥RootD Clustsr
-Data Source and Sink at same site e 1 5
-Can use to test and enhance data s wzas
transfer systems | = Charad Tin Sy | = Srarad T Sy
-iCan test across regular routed paths and B8t 8 B 8
traffic engineered paths of variable RTT | oo-8 | o 8
and bandwidih guarantees [—],.,.. [—]k..
g \ okl ] \ —ewtt
\‘\-._. ——r \‘\-._. -

Source: Tom Lehman

\\\, West to East Coast, 3000 miles. ~80ms
| This above path has 4 Wesit/East segments
[ Estimated Cne Way Delay: 320 ms. 12000 miles
d [ Estimated RTT: 640 ms
N

Path Segments

FABRIC LOSA—-— FABRIC LOSA (loop around FABRIC)
Internet2 AL2S LOSA-—— Internet2 AI2S STAR

FAEBRIC STAR-—-m- FABRIC NEWY

ESnet NEWY-——- ESnst LOSA
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Supports Asia Pacific Research Platform

Big data

transfer | psmemy

Distributed gz : Distributed =
Defiurd E

storage
| N | — ———

»
‘-':'

KREAZNET . - CUYREN

COOPERATION CENTER

Science DMZ )
aarnet - TEIN
Caarmet. :[, PERN

Big data

transfer
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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

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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Demo Lead Partner - NuCrypt (1) - Distribution of
Quantum Entanglement Through Fiber With Co-
Propagating Classical Data

(1) Spin Off From Northwestern University’s
Center for Photonic Communications and Computing, Which Was Also
A Partner for the OFC 2023 Demonstrations (Prem Kumar, Director)

Q ST “RLIGHT"



Polatis Switch

Long Ioop

L — — T —

e

N

;

General Demo: —— Quantum Channel
— — ¥ (lassical Channel

=+ =% Quantum + Classical Ch.

. . -9 Electrical Connection
Unique switch

.3 dB loss ;) Quantum + control signals B '\

L i R i ——— -

; m
\_.

Primary Booth
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|,= 1558.2 nm (ch 24) v
|, =1560.6 nm (ch 21) ch
S,=1542.1 nm (ch 44) > Resy

S, =1539.8 nm (ch 47) Secondary Booth

ST “RLIGHT"



Z
nWm ~
©C wn c
22275 m
Q%MO% ~
a ._I.BO
0oV . & ~l
OO Cc o o
W40nh

mCC M,
1 O — ~_ g
Oc ol © N
O<AQ0= ~

“ i
lllllllll

........




www.startap.net/starlight

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

=) i T
-

]

= =]
il ﬂ§E H!I
-G

" ST “RLIGHT"



