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Complex System: Components of a Gas Turbine

<—Surge Margin Bleeds / Leaks Bearing
BOD g e Multidisciplinary Systems are Complex
Mass Flows / Press / Temps . . . ]
= — Gas turbines - multiple subsystems (combustion, turbine,
R R Pt /Pt Tosoh compression, cooling, materials).
M Floy B,?)D T Bleeds / Leaks
Viass Flows / Press / Temps
il Syslgm .
P i gt Bl e Knowledge is Fragmented
Component ress / Tem . . .
Effciency s . — Spread across documents, simulations, and informal
Tip Clearances . .
- v expert discussions.

Interstage

Blade / Vane / Press / Temps

Aero Thermal Component |

Temps \ Component Temperalures ]
b Cheplaceneis e ML Adoption Grows
it S Cloacinge: — Surrogate models & predictive tools increasingly used.
Combustor v \
Traverse

Whole Engine

Loads
Whole Engine
Mechanical Modeling

Key Challenge:
No standardized process for capturing and reusing domain knowledge - repetitive cycles & delays
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Problem: Ideal ML Pipeline

A standard ML Pipeline

Requirements ~ | Data Collection - Evaluation - Reporting
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Problem: Fragmented ML Pipeline

A standard ML Pipeline: Broken Links

Requirements Data Collection -———x—-—- Evaluation -———x—-—- Reporting
Expert Metric Manual & Unscalable
Dependency Misalignment Reporting
Result

Slow iterations, inefficiency, and risk of wrong design decisions
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Research Scope

RQ1: How can we exploit modeling to
standardize the process of knowledge

acquisition in a multi-disciplinary industrial
setting for ML?
How to systematically integrate domain
knowledge into ML workflows for
multidisciplinary systems?
. RQ2: How can we overcome identified SE
e lisievelivescy ren theme — challenges in ML evaluation and

reporting?

Reseadarch Questions
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Research Objectives

O1: Analyze current practices
—> In domain knowledge
acquisition

RQ1: Exploit modeling to standardize
the process of knowledge

02: Design a meta-model to
—» | support traceable/reusable
knowledge Integration

0O3: Define a domain-aligned
—> performance evaluation
workflow

RQ2: SE challenges & solutions i

04: Conceptualize a semi-
w— automated reporting

Resedrch Questions mechanism

Objectives
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O1: Evidence from Current Practices (Recap)

Findings

Multiple Meetings Scattered
Knowledge

“Knowledge management is ad hoc, and fragmented”
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Part 1: Standardizing Knowledge Acquisition (RQ1)

1 Knowledge Acquisition
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Part 2: Aligning Evaluation & Reporting with Domain Needs-RQ2
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Big Picture: Proposed Our Envisioned Framework (RQ1 + RQ2)

5 Feedback/Validation
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i 3 Reporting tool | . 4 Reporting ;
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02: Meta-Model for Knowledge Acquisition

Project
title: String
ProjectData
| " startDate: Date
‘description: String —@

endDate: Date

contain Y Include

refer 1o 1“Q 1”'

refer 10 y
Requirement DomainExpert

name: Name

role: String

Formal representation of domain knowledge — reusable,
extensible, traceable
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O2: Requirement View

Requirement

\

DeploymentRequirement MLRequirement MiscRequirement

hardware: String performanceSpecific: String baseline: String

trainingSpecific: String

storage: double setGoal: String
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| <<enums> DomainExpert
RelevanceKind
name: Name
irequired
role: String
'recommended
lavailable contribute to?‘
DomainKnowledge P L2
belongs to
‘ contain
| B
Insight
Datalnsight Processinsight

02: Knowledge & Data View

uncertainty: String workflowInsight: String

intutivelnsight: String governingEquation: String

refers to

1.* Feature

5re1Kind: RelevanceKind

Component

cid: String {id}

ProjectData
description: String
availablelnput: String
availableOutput: String

featureList: String

contain contain
DeploymentData MLData
dataRealization: String label: String

featureList: String keyldentifier: String

featureList: String

Component
cid: String {id} include
A y Wy
TS ;
refer 10 \ input DataSet
Feature | 1.* ® datasource: String
relKind: RelevanceKind | ' ’
! ; |
output \
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02: Version View

VersionedElement contaln Version

e s |versionld: String{id}

N

Requirement ProjectData

‘description: String

‘availablelnput: String

output: String
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02 Wrap-Up: Meta-Model for Knowledge Acquisition

Extensible to new
needs: requlatory
views, domain-
specific fields...

> | Captures constraints & goals

Requirement View

—
—
—

> | Links domain insights & datasets O

O

Knowledge & Data
View

Formal, reusable, extensible foundation for ML
projects

/\/\/ > | Ensures traceability over time
<

Version view

O1 (evidence of gaps) — 02 (meta-model foundation) — leads to O3 (evaluation)
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Test Slice: Partitioned Evaluation Data

Load

Ambient

Transient

Maintenance

Nominal
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Why Test Slices Matter?

Degraded

v
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Extreme

* Each cell = performance in
a scenario x slice

* Most are + (pass), but one
X (fail)

« Overall RMSE may still look
'‘good’

—» Test slices reveal hidden
weaknesses




O3: Domain-Alighed Evaluation- Linking Metrics to Requirements

O3 Focused
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O3: Domain-Aligned Evaluation- Linking Metrics to Requirements

2
¥/ Queries ! :
— B TTTTTo Evaluate model with
Requirements=>metrics (-« | oegm@® |~ . T > i
q _- _ Knowledge domain metrics + ML
Build test slices

metrics

Knowledge

(partitioned evaluation
Repository

subsets)

Updates
model
I |

Cl/CD evaluation gates

G1: Ccompleteness

G2: Thresholds

G3: Regression -> Promote/Reject

Version Control System
and Repository
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O4: Semi-Automated Reporting- Closing the Feedback Loop
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O4: Semi-Automated Reporting- Closing the Feedback Loop

Capture feedback - link back

Evaluation
00O N
f\m /\ <\ nQ Queries %
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L — ML Engineer
Domain Knowledge Search Engine Modeling Phase
Experts Repository
Queries Metrics/Test data Updates
model
Reporting tool
I
Distribute %
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AR R

CI/CD integration

Auto-generated, role-specific
report
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Presentation Flow

Conclusion
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RQ1: Exploit modeling to
standardize the process of
knowledge

O1: Analyze current practices
In domain knowledge
acquisition

Conclusion

/

O2: Propose a meta-model to
support traceable/reusable
knowledge Integration

-

\
Analysis of current challenges and

practices in knowledge acquisition
Y

4 . )
Proposed extensible meta-model

RQ2: SE challenges & solutions

0O3: Define a domain-aligned
performance evaluation
workflow.

-

(requirements, knowledge, data,
versioning)

)

0O4: Conceptualize a semi-
automated reporting
mechanism

-

Evaluation pipeline with metrics
linked to requirements, domain-
grounded validation

)

/
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-

. c )
Requirement-focused reporting

artifacts, integrated with report
gen libraries

)




Future Direction
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