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Overview

Primary Goal - Develop and implement a scalable One-ORNL system-of-systems (SoS) ecosystem to enable smart, “self-
driving” experiments and processes that accelerate the pace of scientific discovery

Lab of the Future (2040+) I

—t==}

1) Human-Al-Machine Interface

Initiative Structure INTERSECT.&

Two Primary Goals . . .
 Establish diverse interco SCIeﬂce App|lCOTIOﬂS

* Develop common systen

interconnected smart la
Ecosystem Development
Id Test
the pace of scientific discovery g e,
M
« Offload repetitive tasks ' I “Understand” System(s) .
()
« Enable multi-domain collaboration a‘ D::: O Utco m es a n d Pa rt n e rs h | ps
« Simplify access fo lab resources nh_ Open Federated Architec ’m"f HPC.
« Evolve resources over time ‘U:D e
Add Information
« Enable new science 'E from Databases
=
A
%Qf-\nkll}lbg(‘;we 3 Integration e
& observa
%OAK RIDGE
‘National Laboratory
#QuRipE
¥9AK,FLDGE Data Stor
............ vy l
QA RIDSE ”'
%QAKRIDGE

%OAK RIDGE

National Laboratory




Smart Labs of the Future (2040+)

Broad Science Applications

Human-Machine Interfaces Software interprets input and Synthesis
provide data vis, instrument manages experiments, >
status and command/control > processes, and labs
A
Multi-Modal
Results Autonomous Characterization
Feedback

Data analysis, simulations, modeling
using edge computing and high-
performance computing

Manufacturing

Complex real-world

Data Output
systems
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Challenge for Interconnected Labs

e Lack of coordination across smart lab projects Smart Labs of the Future (2040+)
— Common solutions are reinvented
» Data and messaging infrastructure g \J hoplcations
« Software functionality T i
* Hardware solutions and integration efforts ‘thmd%At:quJ/rf”‘tﬁ — sdf;"v’vgp"m";p i
— Interoperability becomes complex, or impossible as Results Charmtreronton
the number of solutions increase e Feedboct
— Solutions do not scale beyond a single domain usmg“e”“cg”“‘;"a“n“lg . i

Complex real-world ;

and/or application _ e | -
— Cyber security is an afterthought or ignored |
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Common ecosystem is required for interconnected smart labs of the future
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INTERSECT Initiative Programmatic Structure

Domain Science Projects

/Autonomous\ Autoflows R /Autonomous\ 4 Additive Y Quantum Electric

Chemistry Lab Microscopy Manufacturing || Accelerator Grid
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Domain Science Projects (started oct. 2022)

Autonomous Continuous Flow Reactor Synthesis | R. Advincula, CNMS Autonomous Chemistry Lab, ACL ‘
(AutoFlowsS) B. Sumpter, CNMS S. Dai, CSD

L

Develop automated, ultimately
autonomous continuous flow
chemistry system combining
in-situ/operando characterization
capabilities (e.g. UV/Vis, IR, NMR)
with Al-enabled analysis/feedback
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Autonomous Microscopy ’

B. Burger et al., Nature 583, 237 (2020)
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Domain Science Projects (starting April 2022)

Enabling adaptively controlled additive
manufacturing through automation

Additive In-situ Thermomechanical
Manufacturing Characterization Simulations
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Automation for Grid

Nuclear Power Plants Utility-scale Storage
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Plug-in Electric Vehicles Syste m and

lon Trap Quantum Computing Resource:
S. DeWitt, CSED Optimization and Access

Autonomou-s additive C. Seck, CSED
manufacturing (AM)
enabled by combining
AM build system,
in-situ characterization,
and on-the-fly
simulations.

S. Debnath,

Establish scalable

emulation of
large scale energy

Develop autonomous optimization of
ORNL’s trapped ion quantum resource
and provide user access through

power grids

Solar Farm Interconnected Laboratory Emulation INTERSECT




SoS and Microservice Architecture

e System-of-Systems (SoS) is a node agnostic solution in which component systems combine to provide more
functionality than the individual pieces

« Define architecture elements for a system
« Cyber security can monitor internal/external system traffic

Well defined infersystem

interfaces enable rapid
infegration and digital Subsystem System
fwin simulations
yber
Monitor
Subsystem Gateway St Software
Service | System-of-Systems
Independent 4
systems enable s | SystemA Sy System B
systematic $0S System Service By - Y \ﬁv: Y -
grOWth Message Subsystem Goteway Storage GGTth;v 1 Subsystem Goteway Storage G’:::xy
Abstraction
Layer 0 — 10 0
v ‘ System Service Bus (SSB) ’ ‘ System Service Bus (SSB)
Resource Data
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Federated/System S
Federated Service Bus (FSB)
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INTERSECT Crosscutting Projects

System-of-Systems []Eé’ Software —m Systems b 3-d
| Architecture Development  [2¢c% Integration  §&%
_ Interconnected
Science Software rﬁ‘fxl PhYSical -] = Smart Labs
. 0 0 .
Use Cases Development Kit W A# Networking |
4 A )
Use Case - Visualization =% Software
Design Patterns ~ §¢1 Tools ol Integration Qa
: ; ;
Microservice a1 Virtualization Ry
Architecture v DevSecOps GO Tools W

Crosscutting Projects Build and Integrate the Common Solutions Required for an

Integrated Multi-Domain Science Ecosystem
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Develop Architecture Viewpoints

Vignette 1: System Information

(Operationg—+—
Vignette 1 — System, Subsystem, and Capability Control Structure
(User View)
User Vi
- Usersnedlll Vignette 1 — Send Status, Subsystem, Capability and Control information
- subsyfl  (SoS Viewd
B Vignette 1 — System Status, Service Status, and Control Status
« A hierarc (MicroSvc View)
* The bd
+ Conne i Vignette 1 — SubsystemStatus
\ (Standarg=4=
Vignette Schedule
NOTE: All software sef
SoS and Resource Control Structures
RS Command and Task a Resource
SubsystemS -
OucRIDGE Compute Capability
“ build SNS/INTERSECT Cross-Initiative Demonstration
Control
LR Tees o Data Management
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Al/INTERSECT Integration

Al Initiative is developing Al libraries for ORNL

— Surrogates and design (e.g., ML for multiscale materials and Al-based

materials design/co-design)

Soft Servi
— Imaging (e.g., physics-informed ML and Bayesian methods) OTHWATE SEIVIEE

. . . . . . . Information .
— Engineering and Science (e.g., digital twins, anomaly detection, and edge receivedand I Acdion Messages
p en
control systems) Oriented

— Assurance (e.g., Verification/Validation and Causal Analysis) I

INTERSECT provides a technology transition pathway
for Al/ML algorithms

— Al/ML libraries are wrapped within an INTERESCT software service

Observe comes from

Al/ML adds the "smart” info ORNL Smart Labs instrument/sensor

— Experiment Planning/Steering System or Federated Service Bus

— System and/or SoS Contingency Management

— Al/ML Control Systems (e.g., Instrument and sensor controls)
— Cyber Monitoring
— Data Analysis
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Potential Partnerships

INTERSECT initiative started October/November 2021

O

O

Draft SoS architecture is complete
Demonstrated command and control plan messaging
Building initial orchestration microservices

Autoflows reactor installed at ORNL and initial test
reactions complete

Building electron microscopy automation and
integrating Al solutions
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Questions?

Human-Machine Interfaces
provide data vis, instrument
status and command/control
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Results

Software interprets input and
manages experiments,
processes, and labs

Data analysis, simulations, modeling
using edge computing and high-
performance computing

A

Autonomous
Feedback

Data Output

Broad Science Applications

Synthesis

Multi-Modal
Characterization

Manufacturing

Complex real-world
systems




