Bringing Al into Clinical Research:
A Hands-On Workshop




A Systems
Engineering Perspective
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How do we build Al-systems now?

THIS 15 YOUR MACHINE LEARNING SYSTET?

YUP! YOU POUR THE DATA INTO THIS BIG “ SRV
PILE OF LINERR ALGEBRA, THEN COLLECT The “Technocentric” View
THE ANSLERS ON THE OTHER SIDE.

WHAT IF THE ANSLERS ARE LURDNG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT. i
Learning

<inputs> <prediction>

Model

https://xked.com/1838/, CC BY-NC 2.5, via XKCD
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The ML Adoption Process

PURPOSE
L Koy j
Socio-Technical Software Machine
Systems Systems Learning

ADOPTION



I
S Ve

Se¢ .- Karolinska
S¥$F Institutet

W 18

The ML Adoption Process
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PURPOSE The systems engineering
ﬁ approach is better equipped
N than the ML community to
}“Qf &) facilitate the adoption of this

_ _ : technology by prioritising the
Y it Leaming  Problems and their context
ADOPTION before any other aspects.

Cabrera, Christian, Viviana Bastidas, Jennifer Schooling, and Neil D. Lawrence. "The Systems Engineering Approach in Times of Large Language Models." (2025). Proceedings of the 58th Hawaii
International Conference on System Sciences. https://hdl.handle.net/10125/109514
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The Systems Perspective

PURPOSE The systems perspective

- Requirements elicitation

}ﬂ‘@@ﬁ and HCI

_ _ - Al systems
e el et methodologies
ADOPTION - Al systems architectures
- Self-sustaining software
systems

Cabrera, Christian, Viviana Bastidas, Jennifer Schooling, and Neil D. Lawrence. "The Systems Engineering Approach in Times of Large Language Models." (2025). Proceedings of the 58th Hawaii
International Conference on System Sciences. https://hdl.handle.net/10125/109514
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Al Systems Methodologies

TRL ©

TRL 6

Application Development
Robustification of ML

TRL 5

First Principles Machine Learning “Capability’ modules, specifically
A stage for greenfield The R&D to product transition. towards one or more
research.

TRL 1

use-cases

Karolinska
Institutet

TRL 7

Integrations

ML infrastructure,
product platform,

data pipelines,

security protocols

Proof of Concept (PoC)

Goal-oriented Research

Moving from basic
principles to practical use.

Proof of Principle (PoP)

Development
Active R&D is initiated.

Development
Demonstration in a real scenario.

TRL 9
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TRL 8
Mission-ready
The end of system
development.

Deployment
Monitoring the current

version, improving the next.

MLTRL - Technology Readiness Levels for

Systems Development Machine Learning Systems

Sound software engineering.

Lavin, A., Gilligan-Lee, C.M., Visnjic, A. et al. Technology readiness levels for machine learning systems. Nat Commun 13, 6039 (2022). https://doi.org/10.1038/s41467-022-33128-9


https://doi.org/10.1038/s41467-022-33128-9
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Al Systems Methodologies

Research Questions

TRL 6 TRL 7
Application D s
Robustification of ML ML infrastructure, TRL 8

i oty o i, [ Msomesey To what extent current
e ooty ooty [ cevelopment meth odologie s meet
healthcare domain

requirements?

First Principles Machine Learning “Capability’
A stage for greenfield The R&D to product transition.

research.

TRL 1 . Proof of Concept (PoC) TRL 9 Deployment
. Development Monitoring the current
Goal-oriented Research Demonstration in a real scenario. version, improving the next.

Moving from basic

Do we need a particular

TRL 2

principles to practical use.

@
Proof of Principle (PoP) Systems Development m et h o d O I o g y to d eve | O p
Development Sound software engineering.

Active R&D is initiated.

healthcare Al systems?

Lavin, A., Gilligan-Lee, C.M., Visnjic, A. et al. Technology readiness levels for machine learning systems. Nat Commun 13, 6039 (2022). https://doi.org/10.1038/s41467-022-33128-9
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Al Systems Architecture - DOCS

Parallel Evolution: Service Oriented (left) and Data Oriented (right)

' \ l’-"""""""""""‘
SOC — Service-Oriented Computing : Current Gap E
2010s - Present 1 Missing computing paradigm 1
Paradigms Paradigm governing SOA : for developing data-driven systems :
Continues through microservices and serverless era : :
€ J )
s
SOA — Service-Oriented Architecture DOA — Data-Oriented Architecture
2000s Data as first-class, decentralisation, openness
Styles Services, registries, discovery, composition DOA Survey CSUR 2025: Implicit adoption in practice
&
-
Enterprise Integration & WWW Data-Driven Systems & Al Revolution
. 1990s - 2000s Present
Requirements Scalability, Availability, Interoperability Interpretability, Data Ownership, Sustainability
Stochastic ML components, uncertainty propagation
. J

Christian Cabrera, Andrei Paleyes, Pierre Thodoroff, and Neil Lawrence. 2025. Machine Learning Systems: A Survey from a Data-Oriented Perspective. ACM Comput. Surv. Accepted (September
2025). https://doi.org/10.1145/3769292


https://doi.org/10.1145/3769292

2 InStitUtEt g CAMBRIDGE SODERSJUKHUSET

4, h
W 18

Al Systems Architecture - DOCS

R .
5‘%%%?3 Karolinska ~mmuNiversiryor GO

Parallel Evolution: Service Oriented (left) and Data Oriented (right)

Research Questions

1 1
SOC — Service-Oriented Computing : Current Gap 1
1
. 2010s - Present 1 Missing computing paradigm 1
To Wh at eXte nt d ata-o ren ted Paradigms Paradigm governing SOA : for developing data-driven systems :
a rCh itectu reS fit req u i re m e n tS Continues through microservices and serverless era : :
L J I I et B D L 4
from critical systems? 1 ) ( )
SOA — Service-Oriented Architecture DOA — Data-Oriented Architecture
2000s Data as first-class, decentralisation, openness
H Styles Services, registries, discovery, composition DOA Survey CSUR 2025: Implicit adoption in practice
Can we generalise a "
data-oriented computing -
4 \ a N
pa rad |g m frO m our eXpe rrences Enterprise Integration & WWW Data-Driven Systems & Al Revolution
H H . 1990s - 2000s Present
N th e h ea |th care d omain ? Requirements T L Interpretability, Data Ownership, Sustainability

Stochastic ML components, uncertainty propagation

Christian Cabrera, Andrei Paleyes, Pierre Thodoroff, and Neil Lawrence. 2025. Machine Learning Systems: A Survey from a Data-Oriented Perspective. ACM Comput. Surv. Accepted (September
2025). https://doi.org/10.1145/3769292
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Self-sustaining Software Systems (S4)

System Designed as a SN Damain

Knowledge Graph specc L’“
3 .
® o @ .
® L)
s L1 KG2LLM
W, g% ) Agent

Questions
Software
Engineer @
Data-Oriented Software Engineer
System Adaptive End Users
Shared Data Agent
v Model ..
‘—_.‘ ’ ’ Y ¥ .~
pub sub : pub sub

% pub sub pub sub pub sub
- & @ @
Users

Christian Cabrera, Andrei Paleyes, and Neil David Lawrence. 2024. Self-sustaining Software Systems (S4): Towards Improved Interpretability and Adaptation. In Proceedings of the 1st International
Workshop on New Trends in Software Architecture (SATrends '24). Association for Computing Machinery, New York, NY, USA, 5-9. https://doi.org/10.1145/3643657.3643910
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Self-sustaining Software Systems (S4)

System Designed as a SE and Domain-

Knowledge Graph SPQCI = LM
pa , &)
® o @
7D, ° ¢
e a4 | KG2LLM
. ) Agent

Questions
Software
Engineer @
Data-Oriented Software Engineer
System Adaptive End Users
Shared Data Agent
v Model -

AT S 4 2
2z } pub sub

% z. pub sub pub sub pub, sub
- & ® @
Users

Research Questions

What are the self-sustaining
requirements in the healthcare
domain?

To what extent does our
knowledge-loops approach fit
these requirements?

Christian Cabrera, Andrei Paleyes, and Neil David Lawrence. 2024. Self-sustaining Software Systems (S4): Towards Improved Interpretability and Adaptation. In Proceedings of the 1st International
Workshop on New Trends in Software Architecture (SATrends '24). Association for Computing Machinery, New York, NY, USA, 5-9. https://doi.org/10.1145/3643657.3643910
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The Systems Perspective in Action

Forward Pass
a A -
Y »

Backpropagation

T T T T @ T TR T @ T Ty T T T T T

”agl)
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| Input x
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Parameters :
Model Metrics Training
lnfoninatlon v Mefrlcs
Learning Model

Monitoring Engine

Model Data
Logging

A Des'igns
[ 2 N Fault .
| | Practitioner Biean
I : Fault
Repair
........ H v
|
| _|LLM-based Repair CF"ntlet’“ :
> . s Fault) #
: Englne Prompt
Identified
Fault

Fault Context

Retrieval

Learning
Model Logs

Fault Localisation
Engine

A

Model Data
Retrieval

Christian Cabrera, Eric Bodin, Radzim Sendyka, and Neil David Lawrence. Mitigating Intellectual Debt in Deep Neural Networks: A Data-Oriented LLM-based Debugger (In Progress)
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The Systems Perspective in Action
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Model MeETiCS Training Fault Context Fault
Information V Metrics Retrieval
________________ Learning Model | Fault Localisation
Monitoring Engine Engine
K

Model Data
Logging

Learning
Model Logs

Model Data
Retrieval
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Many thanks!



