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net is the DOE’S data circulatory system...

e« ESnetsu pports the DOE @ESnet
scientific research
ecosystem.

m @u!,nlurnlm Officeof
BERKELEY LAB of ENERGY |science

Amsterdam
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« Interconnects all national
labs and user facilities

chicago
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connectivity to global
research collaborations,

the Cloud, and the larger
0 Office of Science National Laboratories ANNSA Laboratories . Other DOE Laboratories
Internet.

AMES  Ames Laboratory JLAB Thomas Jefferson National Accelerator ~ PPPL  Princeton Plasma Physics LANL Los Alamos National Laboratory INL  idaho National Laboratory
(Ames, 14) Facility (Newport News, VA) Laboratory (Princeton, NJ) (Los Alamos, NM) (1daho Falls, ID)

ANL  Argonne National Laboratory LBNL Lawrence Berkeley National SLAC  SLAC National Accelerator LLNL Lawrence Livermore National NETL  National Energy Technology Laboratory
(Argonne, IL) Laboratory (Berkeley, CA) Laboratory (Menlo Park, CA) Laboratory (Livermore, CA) (Morgantown, WV; Pittsburgh, PA; Albany, OR)

BNL  Brookhaven National ORNL  Oak Ridge National Laboratory SNL  Sandia National Laboratory NREL  National Renewable Energy Laboratory
Laboratory (Upton, NY) (Oak Ridge, TN) (Albuguerque, NM; Livermore, CA) (Golden, CO)

FNAL  Fermi National Accelerator PNNL  Pacific Northwest National SRNL  Savannah River National Laboratory
Laboratory (Batavia, IL) Laboratory (Richland, WA) (iken, SC)
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...and the stage for a global science laboratory.

ESnet’s Vision

Scientific progress will be completely
unconstrained by the physical
location of instruments, people,
computational resources, or data.

ESnet’s Mission
Networking that accelerates science.




ESnet by the Numbers

ESnet Connects 99 990/0

1 7 2 8 2 7 7 3 1 K -
-
. . R&E, commercial, and
National ) QOL userfa‘clmules other networks (in 5 Organizations around
laboratories (including ESnet) e :
countries including U.S.) the world

11112

Overall user satisfaction
rating (out of 5, 2024

ESnet Comprises

*ESnet is measured and expected to provide 99.9%

15 K — site uptime. The network regularly exceeds that
. . standard, providing near 100% uptime to almost all
Miles — U.S. sites connected sites.

of dedicated — O connected at 400 o B . .
. rom the 2024 ESnet Site Coordinators Committee
fiber-optic cable* Router sites* Amplifier sites™ Gbps or higher

survey

Capabilities
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The ESnet Team

' 142 2\ & 5 FUBLRY W MTABRIA & ¢ R 2 A
A ﬂl ﬂﬂ 1:; § ” BAPHATR e T
m:—e:m[q; i‘-‘lqw‘n@

- Staff and subcontractors

22

*As of June 2025




We are Part of a Larger Community

REGIONAL RESEARCH & EDUCATION NETWORKS IN THE UNITED STATES
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Connecting the Dots Before the
Elephants Trip Over Them



Our Philosophy

- We listen to our users through requirement reviews, public forums,
and daily interactions.

% - Understand Science Needs: Anticipate where science is going

Q ESnet



Our Philosophy

- We listen to our users through requirement reviews, public forums,
and daily interactions.

% - Understand Science Needs: Anticipate where science is going

. oltaborate: WOrk with our users to buitd wna ey nee
oVYo Collaborate: Work with to build what they need
O - We develop foundational network services, add-on software

PLS ag\ services, and domain specific solutions.
— —  With our partners we rapidly prototype new concepts.
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Our Philosophy

- We listen to our users through requirement reviews, public forums,
and daily interactions.

E%) - Understand Science Needs: Anticipate where science is going

. oltaborate: WOrk with our users to buitd wna ey nee
oVYo Collaborate: Work with to build what they need
O - We develop foundational network services, add-on software

PLS ag\ services, and domain specific solutions.
— —  With our partners we rapidly prototype new concepts.

:@: « Co-design: Consult, design, test, and support
(04 O - Deliver capabilities within the network that can be
v

Brogrammati_cally consumed by your scientific workflows.
- Provide solutions to control resources not only within ESnet,

but wherever resources are consumed.

10 QESnet




The Evolving Research Infrastructure

End Site

End Site

Instruments Compute - ll
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The Evolving Research Infrastructure
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The Evolving Research Infrastructure
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The Evolving Research Infrastructure
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The Evolving Research Infrastructure
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The Evolving Research Infrastructure
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The Evolving Research Infrastructure

L2/L3 mesh

Edge In-Network
Compute  Cache H gh

In-Network  Edge
Cache  Compute !

Touch -_——— =

Cloud
Connect

perfSONAR

Field Site \

o 3
Instruments

Instruments Compute Storage DTNs The Cloud HPC
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The Evolving Research Infrastructure

@ Workflows EJFAT ,, *RUCIO

ESnet-Jefferson Lab FPGA Accelerated Transport

L2/L3 mesh

Edge In-Network
Compute  Cache H gh

In-Network  Edge
Cache  Compute

Connect

perfSONAR

C D) ‘ >
@ docker
The Cloud

Instruments

Compute Storage DTNs




Breaking Barriers, Linking
Everything



The API-Driven SENSE Architecture

Application Workflow Intent Based APIs with resource discovery,
Englne negotiation, and service lifecycle
monitoring/troubleshooting

SENSE End-to-End Model
SENSE e
Orchestrator N

7

Real-time network discovery
infrastructure with detailed

service ontologies. Dynamic
provisioning and monitoring.
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AutoGOLE Testbed - Real Time Topology Model

VISUALIZATION

Open Details

urn:ogf:network-uhnet.net:2021-guam-
gorex.

urn:ogfnetwork-uhnet net:2021:hawaii-
scidmz

urn:ogfnetwork-ampath.net-2013:topology.

urn:ogf:network:nsi.geant.net:2021 topology-

= 2-lis:

urn:ogf:network:canarie.ca:2017:topology

urn:ogf:network:surf.nl 2020 production

urn:ogf:networkparGeant.net:2021 1opology-

urniogfnetwork:es.net:2013.

ricnsi geant.net:2021:topology-
1-fra-de

urn:ogf:network:nsi.geant.net:2021:topology-
Tlon-uk

snvi2-1

2013

urn:ogf:network:al2s.intemet2 edu:2023

urn-ogfnetwork stack-
fabric:2024:topology.

‘ogfnetworkse:
test.cenic.net2020

pw-20g-01

nautilus.i0:2020 nautilus-

prod.i0:2020

urn:ogf:network-ultralight.org:2013

ACCOUNT

data availabl

urn:ogf:network:stackvtest:2022:topology

um:ogf-network:aws.amazon.com:aws
cloud

umogfnetwork google.com:gep

urn:ogf-network-ultralight-
dev.org:2013
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Supported Services by SENSE

« Layer2 (end-to-end) https://app.swaggerhu
« Layer 3 BGP b.com/apis/xi-yang/SE
 Layer 2 Multi-point (many-to-many) NSE-RM-API/1.0.0

« Layer 3 BGP Multipath

« QoS (on Hosts - traffic shaping/traffic police)

« QoS (on Network devices - limited support)

« Public Cloud Access

 Realtime per service monitoring and status verification

« Automatic recovery, monitoring: I i oo e 8]
- reboot, vlan removal, port down - L e ML A
noticed, alerted, auto-recovered if I o e 5-e]
possible. (R i) s ave-]
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https://app.swaggerhub.com/apis/xi-yang/SENSE-RM-API/1.0.0
https://app.swaggerhub.com/apis/xi-yang/SENSE-RM-API/1.0.0
https://app.swaggerhub.com/apis/xi-yang/SENSE-RM-API/1.0.0

Scientific Data Management (LHC, CMS, ATLAS)

rucio.example sel.example

1. Token _‘::]RUC'O SE1

‘y
/

1AM 2. Submit o
transfer 5. Third-
job party Ok
iam.example

transfer
o®
@ v

DA
3. Token
exchange © F T S > SE2
4. Submit
fts.example third-party se2.example
transfer

23 QESnet




DOE’s Integrated Research Infrastructure (IRI) Vision:
To empower researchers to meld DOE’s world-class research tools, infrastructure, and user facilities

seamlessly and securely in novel ways to radically accelerate discovery and innovation

Advanced

Experimental and Observational Networking
User Facilities ‘

Advanced
Computing

Local
Researchers Campus >
T Computing

Computing
Testbeds
Data Management
High Performance
Geitn Pacity Software Cloud
Data Repositories Software and ™ 10 01o Gompiting
PuRE Data Assets Applicaﬂonsl Digital Twins

New modes of | Rapid data analysis and Novel workflows using Al-enabled insight from
integrated science steering of experiments multiple user facilities P integrating vast data sources

U.S. DEPARTMENT OF Office of \—/
6 EN ERGY Science

Q ESnet
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What will future automated IRI look like? Here is but one example...

+ Data transport

Compute Reservations via API

Q: How do we provide real-time compute without lowering utilization?
A: Policy-driven compute reservations, requested via APl from EOD workflows.

One brief moment in the life of the Superfacility API . . .

REQUEST

reservations via API

ESnet6

DENIED DUE TO GLUTTONY.

~ TSITES

25

User
Workflow

YOUR
JOBS

THANK YOU

RESERVATION IS 8D7A392D.
INTO IT UNTIL NEXT WEDNESDAY

Superfacility
API

YOU MAY SUBMIT
AT 5259

AND HAVE A NICE HUMAN-DAY.

Linac Coherent Light Source at SLAC

Office of

U.S. DEPARTMENT OF
@ EN ERGY Science

NERSCatLBNL

Example from Cory Snavely, NERSC
EOD = experimental and observational data users

@ ESnet



EJFAT: An IRl /| HPDF Streaming Load Balancer

IRI Blueprint identifies the need for real

@ERERSY £ M x 100G
time streaming and compute uop
Integrated Research A
Infrastructure &
ArcHiieca T HPDF takes on the challenge and ESnet .
ueprint Activity N HPDF / LCF
jointly develop the hardware and software Tvoical DOE Instrument  ESet Network EJ-FAT Real Time Meaning of Li
to stream from any instrument to any LCF ~ PPea Do netrument  ESRETTEWONC UDP Load Balancer Supercomputer e S
Instrument E‘:\:;t'on ESnet WAN Load Data Reassembly
Events (?jeg;n Pack;ts) Switching & Routing Balancing and Compute
%
DAQ Server
LCANETTATATERTEY 06
DAQ
o, o:,%_ Experiment Tuning and Control Local Mid scale compute Edge HPDF / Supercomputer
N\ = 5 Compute ; ; Compute P
Live Preview s Shared resources in a region | Storage H Storage H Storage I
t
ki Sto& Archival Storage
Significance and Impact : Collaborators:
- High performance ( Terabit scale ) streaming into supercomputers ESnet , Jefferson Lab , NERSC , LBNL , ORNL = IRI
- Secure and IT operations friendly interconnection of different national labs
L - Reliable and high fidelity data processing and storage for better science .g/ef_f;Pson Lab 3 ¥R
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Multi-Resource Cyberinfrastructure Services for
Science Domain Workflows via SENSE (NRE106)

SC25 NREs, SCinet, SENSE, AutoGOLE, FABRIC, NRP Multi

SC25

The International Conference for High Performance
Computing, Networking, Storage, and Analysis
https://sc25.supercomputing.org

Layer 3 R&E Routed Paths

Services

m%r.

Internet2
NSl enabled
St Louis, Missouri Herac2 rute Exchange Points
November 16-21, 2025 Es m
[0 serkeLey LaB
= (o)
*.._._EJFat dedicated link to
= LBNL ~
/~ SCinet NOC | 4xd006. N STYERLIGHT n
| ormore s -
(SCinei NOC 5 St
NSO -
| conrar |
specific VLANS from WAN
connections (statically)
configured to this point via
SCingt NSO
L II%L
e Q et NRP
SCinet NOC
NRP Cluster CENIC
NAP s s ot [ )
[ NRPswitch ) o SCu HOC Core DCS-7060D
‘ Connechons requestad Hets S FABRIC
\ more are ok ) TerabitCore
D
4. multiple
G’ " booth drops
400G
SENSE SiteRM (VM)
- - - - e ~ - (ControlPlane Element) &
Y \ N S e Doimeatine UC SanDiego
- el SENSE SitoRM )
‘ = =T " ot Controlled Network Element 4
Bgdcocs = H ‘SAN DIEGO SUPERCOMPUTER (ENTER
" . SENSE managed link
‘ C.lcna J ﬂ Caltech ST#RLIGHT NRP
) \ \ )

v-Septebmer 6, 2025

ciena

CENI

NetherLight —{ CERN @

2% Fermilab i
NRP
MEHPCC

@ Esnet _

CERN
NBP
NetherLight

UNL

DE-KIT
ST#RLIGHT"
Jont Big Data
Testbed
McLean, VA

@ ESnet



IRl Compute Job Portability (NRE 116)

Enable tightly integrated workflows
across experimental facilities, HPC
systems, and high-speed networks.

SC25

The i C for High F
Computing, Networking, Storage, and Analysis
https://sc25.supercomputing.org

St Louis, Missouri

November 16-21, 2025

SC25 NREs, SCinet, SENSE, AutoGOLE, NRP Network Services Automation
O Google Cloud

aws /A Azure

,/ SCinet NOC

Establish unified interfaces and APIs
for allocations, data and job
movement, scheduling.

WAN Network Connections.

e ) £ A, Support data-intensive and
multiple = § Lo @ ,‘ . e . . .

= R/E\ e e ® ) time-sensitive  applications, like

ll N o . e - i} experiment steering and real-time

analytics, together with EJFAT.

4 SiteRM Info - SiteRM Automated Network Control inside SCinet FO Ste r m O d u I a r i ty a n d p 0 rta b i I ity'
252511125 e gl r S A st allowing seamless transitions of data

and computation jobs across
different facilities.

28 Q ESnet



NRP, SCinet, SENSE (NRE: 119, 120, 121, 122)

Live High-Precision Per-Packet Kubernetes Data Telemetry from NRP to
StarLight via ESnet SENSE

The National Research Platform and SCinet: Enabling Live,
Multi-Institutional Scientific AI/ML and HPC Workflows

Real-Time In-Network Machine Learning and P4 Testbed Deployment on
FPGA SmartNICs, DPUs, and Switches

Agentic Al with Qualcomm Cloud Al 100 Ultra Cards for HPC
Cluster Management and Resource Provisioning

29 Q ESnet




K8s SENSE Operator for NRP NRE: 119, 120, 121, 122

» SENSE Path Provisioning
» Establish L2 path between Nautilus nodes using ESnet SENSE. -
» SENSE dynamically configures VLAN interfaces across multi-domain {L
networks.
* Once configured, SENSE creates and activates VLAN network Multus
interfaces on the nodes involved in the experiment. -
* Multus Network Definition
* Multus CNI enables pods to have multiple network
interfaces beyond the default.
* A NetworkAttachmentDefinition (NAD) is
created for the VLAN interfaces provisioned
by SENSE.
» Specifies the VLAN network (e.g., vian-10).
» Connects the pods to the configured L2 path.

This is on the Node (Host Server)

30




Building Tomorrow’s Network
Today!



ESnet 7 is to Build New Capabilities and Services in Support ASCR
Strategy on IRI, HPDF, and Al for Science

Capacity with
Resiliency
Scale the capacity of the

network cost-effectively while
increasing resiliency

Network-Application
Service Composability
Automation and
orchestration-related
capabilities for intelligent
decision-making and custom
workflow services

32

Advanced Wireless
Transform field and small
sensor-driven science by
deploying private 5G and LEO
connectivity for near real-time
data collection and processing.

In-Network Storage and

Compute

In-network pre-processing,
caching, and data transfer
assists for science workflows

Artificial Intelligence for
IT Operations (AlOps)

Data and analytics-driven
systems operations leveraging
Al/ML models

e ESnet



In-Network Storage and Compute

Squid was completely
empty.

Varnish was under
regular production load.

vailability

apsed time

Testing it - Frontier

Harder to test (but will be done).

Squid was completely

Varnish was under
regular production load.

/ ESnet PE

T — [ER——— — SENSESKSRM  DatoServer R drectoraprosie
ailability: .96 %

Elapaed Hine apsed time: a - P

Data transferred: 1232.78 Data transferred: .79 MB S Gl Sorvors

or othe Fiesystem
0.26 Response time: .00 secs

110.11 & = Transaction rate: .99 trans/sec
0.76 MB/s Throughput: .26 MB/sec |
34 . |

Concurrency:
77595

Successful transactions:
Failed transactions:
Longest transaction:
Shortest transaction:

Time (seconds)
g

150
100
50
0 e —
client-side Original Client-side Original Client-side Optimized DPU-side Optimized DPU-side Optimized
skimming LZMA skimming Lz4 Skimming LZ4 skimming LZ4 skimming LZ4 + Async

prefetch

wFetch sDecompress  ®Deserialize

Ratio of Data Volume of Cache hits and misses

SoCal Cache from June 2020 to Mar.
2025, with 34.79 million data access
records for 37.3PB of traffic volume for
cache hits and 11.9PB of traffic volume for
cache misses. 75.7% of the total traffic has
been saved from the cache of 2PB. From
Aug. 2022 to Mar. 2025, 96.9% of the total

traffic was saved.
Chicago Cache from Oct. 2022 to Mar.

2025, with 11.86 million data access
records for 16.45PB of traffic volume for
cache hits and 15.48PB of traffic volume
for cache misses. 51.5% of the total traffic
has been saved from the cache of 340TB.

Cache misses
Cache hits

P

Boston Cache from Aug. 2023 to Mar.
2025, with 39.33 million data access
records for 9.54PB of traffic volume for
cache hits and 121.87PB of traffic volume
for cache misses. 7.26% of the total traffic
has been saved from the cache of 150TB.

Rt

Hultiple SENSE Traffc
Engincered Paths

S e hopson

S Rt LS o 7]
oo oneqa oy

ESnet PE

Data Server Re-diectors/Proxies  SENSE Site AN

Storage Cluster Cache,
o other Flesystem

Gains in CPU Efficiency

Servers.

More than 25% Event throughput
vs others. Good Source and fast
data pre-cache.
Event throughput 7 -




ESnet 7 is to Build New Capabilities and Services in Support
ASCR Strategy on IRI, HPDF, and Al for Science

Advanced Wireless
Infrastructu re fOF Al Transform field and small
sensor-driven science by
deploying private 5G and LEO
connectivity for near real-time
data collection and processing.

Capacity with
Resiliency
Scale the capacity of the

network cost-effectively while
increasing resiliency

In-Network Storage and
Compute

In-network pre-processing,
caching, and data transfer

Al for Infrastructure assists for science workflows

Network-Application
Service Composability
Automation and
orchestration-related
capabilities for intelligent
decision-making and custom

Artificial Intelligence for
workflow services

IT Operations (AlOps)
Data and analytics-driven
systems operations leveraging
Al/ML models

Al Working Group was formed in 2024 to collect
34 information for the business case of AlIOps & ESnet




Al WG Organized a Workshop
in Feb 2025 to Produce ~30
Work Packages

2 Alerting W27 Rule Correlation VW22 Data Quality

Outage Notification

WISl Data Catalog WISl Service Usage WISVl Business Ops WP8 Parsing
. . . Hardware Failure External Configuration
Ul Ticket Resolution (ol Alarm Correlation WP Prediction WP12 Anomaly Detection
WigE] Capturing Configuration @RS o Contract Lookup (TR —onsistent Data W4T All Data Query
Intent Management
Y 2 N
I Automating Site Automating 1 Generating RFP /
WP17 Deployment AP Configuration,' le) /! Sandoox WP20 Contracts
WP21 Unified Document WP Ticket Summarization  BTTPR Federatgd . WP24 Rewriting Legacy Perl
Search Authentication Software
WP25 NLP Interface to WP26 Informatlon WP27 Requirement WP28 Mission Support
Systems Architecture Management Management

\2PAN Dataset Unified Quer
_ y Workshop report complete in June 2025: https://doi.org/10.2172/2571672 QESnet



American Science Cloud

H.R.1 - One Big Beautiful Bill Act
Subtitle D - Energy

SEC. 50404. TRANSFORMATIONAL ARTIFICIAL INTELLIGENCE MODELS.
(a) Definitions.—--In this section:

(1) American science cloud.--The term "~ "American science cloud'' means a system
of United States government, academic, and private sector programs and infrastructure:
utilizing cloud computing technologies to facilitate and support scientific research,
data sharing, and computational analysis across various disciplines while ensuring
compliance with applicable legal, regulatory, and privacy standards.

(2) Artificial intelligence.--The term "~ "artificial intelligence'' has the
meaning given the term in section 5002 of the National Artificial Intelligence
Initiative Act of 2020 (15 U.S.C. 9401).

% https.//www.congress.gov/bill/119th-congress/house-bill/1/text Q ESnet



American Science Cloud, cont.

“The DOE SC program in Advanced Scientific Computing Research
) ! (ASCR) hereby announces its interest in receiving proposals from eligible
= of ENERGY | Science DOE National Laboratories to establish an integrated team to lead the
Advanced Scientific Computing Research (ASCR) development and deployment of AmSC. AmSC will serve as the enabling
software and hardware infrastructure for DOE’s Al data and model
development efforts in furtherance of SC’s mission and in fulfillment of

THE AMERICAN SCIENCE CLOUD (AmSC) Section 50404 of the OBBB Act.” - pg. 1, para. 1, [n. 2-3
DOE National Laboratory Program Announcement Number:
Announcement Type: Initial Funding Details
e Expected total available funding $40m
e Expected number of awards 1-10
e Expected dollar amount of individual awards $1m-540m
e Expected award project period 1-2 years

Anticipated Timeline for Notice of Selection for Award Negotiation
e Award selection completed by Sep 30, 2025

|AnnouncementlssueDate: |August22, 2025 | ° AWa rds Wi“ be made in FY2025
bmission Deadline for Proposal | September 15, 2025, at 5 PM ET | Y Begin Work by October 20’ 2025

t
¥ https://science.osti.gov/-/media/grants/pdf/lab-announcements/2025/L AB-25-3555.pdf Q ESne




Comments and Questions

Working across providers and science domains is
inspiring... and step by step, the network grows
smarter, faster, and works in perfect harmony

jbalcas@es.net @ ESnet



