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Existential questions

What are Deep Learned foundation models for?
® FOUNDATION FOR INDUSTRY (FIND) : Your industrial application.

What are Deep Learning researchers for? (hint: not for building applications)

® |nvestigate, understand, and communicate how to let application-specific
engineers build foundation model systems.

We train application-specific engineers using courses/textbooks;

Deep learning researchers find out what should be in the textbook.
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WHoAMI: Jan van Gemert

Computer Vision lab @ TU Delft

Two main research themes:

@® Fundamental empirical understanding-based
deep learning research; (to)

® Find & evaluate powerful yet flexible physical
priors for data-efficient visual recognition Al.

FIND workshop Project Dalta: Data Efficient Foundation Models NW( May 27, 2026

3/12



WHoAMI: Jan van Gemert

Computer Vision lab @ TU Delft

Two main research themes:
@® Fundamental empirical understanding-based
deep learning research; (to)
® Find & evaluate powerful yet flexible physical
priors for data-efficient visual recognition Al.

Outline:

Towards an empirical science of deep learning
Doing science: better understand machine and deep learning methods.

Data Efficient Foundation model pre-Training

Reduce data dependency: pre-train foundation models with O(-) less data.
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Deep learning powers Al; yet as a scientific field has growing pains(2:3:4]

[1]: https://en.wikipedia.org/wiki/Scientific_method [2]: Lipton et al. " Troubling Trends in Machine Learning Scholarship”, 2018. [3]: Sculley,
David, et al. "Winner's curse? On pace, progress, and empirical rigor.” 2018. [4]: Togelius, Julian, et al. " Choose your weapon: Survival strategies for

depressed Al academics” Proc. of the IEEE (2024).
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https://en.wikipedia.org/wiki/Scientific_method

The scientific method!! in times of deep learning

Deep learning powers Al; yet as a scientific field has growing pains!2-3-4]
[1]: https://en.wikipedia.org/wiki/Scientific_method [2]: Lipton et al. "Troubling Trends in Machine Learning Scholarship”, 2018. [3]: Sculley,
David, et al. "Winner's curse? On pace, progress, and empirical rigor.” 2018. [4]: Togelius, Julian, et al. " Choose your weapon: Survival strategies for

depressed Al academics” Proc. of the IEEE (2024).
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gonelusions Scientiic oreees/ e Gate keeping (large compute/data);
‘ method ® Reviewer damage (bold-nr fetish; Mathiness);
® Confusing speculation with explanation;
\/ ® Not identifying the reasons for empirical gains.
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"GPU goes BRRR": no mathematical optimality; Need for Empirical Theory.

® ML/DL does not have many empirical theories.
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The scientific method!! in times of deep learning

Deep learning powers Al; yet as a scientific field has growing pains!2-3-4]
[1]: https://en.wikipedia.org/wiki/Scientific_method [2]: Lipton et al. "Troubling Trends in Machine Learning Scholarship”, 2018. [3]: Sculley,

David, et al. "Winner's curse? On pace, progress, and empirical rigor.” 2018. [4]: Togelius, Julian, et al. " Choose your weapon: Survival strategies for

depressed Al academics” Proc. of the IEEE (2024).

Observation
/ question

Report
conclusions
Scientific

method ® Reviewer damage (bold-nr fetish; Mathiness);
Analyze
data

Hypothesis

Trial and error (graduate student descent)

J

Ry

Opportunistic (career vs science);

Research
topic area

Gate keeping (large compute/data);

e Confusing speculation with explanation;
\/ ® Not identifying the reasons for empirical gains.

"GPU goes BRRR": no mathematical optimality; Need for Empirical Theory.

® ML/DL does not have many empirical theories. Some that | am aware of:
o Neural Scaling Laws; o Bias/variance o ML is like physics/neuroscience;

o Simple axioms explaining intelligence o Different media represent the same
reality o ...
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https://en.wikipedia.org/wiki/Scientific_method

My work for fundamental empirical research in ML/DL

Reproduced Papers

Statistics
# Papers # Reproductions # Reproductions /
180 136 Paper
2.4
ReproducedPapers.org

The Storyline:
The beating heart of empi ML/DL research

Online research guidelines

FIND workshop
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Controlled Datasets

Statistics
# Papers # Controlled Datasets

6 4

ControlledExperimentsinML.org

Fupelit

DSAIT4205 Fundan1énta| Researcﬁ in Machine and Deep
Learning (2024/25 Q4)
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https://reproducedpapers.org/
https://jvgemert.github.io/links.html
https://controlledexperimentsinml.org/
https://brightspace.tudelft.nl/d2l/home/680990

Recent efforts:

Metascience for Machine Learning

s, nsprations.

A ichangog e v, snd mactielearng s v ol for e ot i e, ve v
s and pu e e ing sl

https //meta501enceform1
github.io/

Workshop accepted at ECCV'26
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Data-Efficient Foundation model pre-Training wova

Accuracy

Proposed

Fine
Tuning

Now Why data-efficient?

® Fairness and bias in data

® Data opacity, traceability,
privacy and copyright

® Trainability

® Sensitive data

Zero
Shot

v

FIND workshop
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Data-Efficient Foundation model pre-Training wova

A Now Why data-efficient?

Proposed ® Fairness and bias in data
> ® Data opacity, traceability,
g privacy and copyright
;d ¢ Trainability

® Sensitive data
Fine Zero
Tuning Shot
Training data size (log scale)
Property: Current Proposed Relevance
Data control: Uncurated Curateable Fairness & Traceability.
Model control: Third party Independent Sensitive data & Al research.
Data-efficiency: Low High Expensive/scarce data
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Motivation

Accidental viewpoint:
All pixel patches are different

A day at TU Delft campus

Backgrounds &
Out of bounds

Occlusion &
Lighting

Appearance &
Geometry

Lighting &
Geometry

® Accidental camera position and lighting should play no role in recognition;
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® Accidental camera position and lighting should play no role in recognition;
® Current visual foundation models treat each patch independently;

® Plan: exploit inherent physical camera and object properties to allow patches
to learn from each other;
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Motivation

Accidental viewpoint:
All pixel patches are different

A day at TU Delft campus

Backgrounds &
Out of bounds

Occlusion &
Lighting

Appearance &
Geometry

Lighting &
Geometry

® Accidental camera position and lighting should play no role in recognition;
® Current visual foundation models treat each patch independently;

® Plan: exploit inherent physical camera and object properties to allow patches
to learn from each other;

® Goal: share the learning signal between patches; 10-100x data reduction.
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Why are visual Al internals on a grid?

FIND workshop

Project Dalta: Data Efficient Foundation Models NW(

Discrete
Internal model
representation
(Current)

Continuous
Internal model
representation
(Proposed)
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How to exploit that an image is taken by a camera? 2.5D
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Last slide: the question mark “?”

How to stimulate aligning fundamental research with real-world applications “?”

GOODHART'S LD\

WHEN AMEASURE BECOMES N TRRGET,
\T CEMSES To BE A GOOD MEASURE.

|F You NUMBER OF WEGHT OF
MEASURE NBiLS MBDE- NBILS MADE
PEOPLE ON

THEN YOO (0005 OF AFEW GiANT,
MIGHT GET TINY NXILS HEBNY NALS

(Link to image source)

® Applications and use-cases are invaluable.
® Fundamentals: Make larger leaps by researching use-case abstractions.
® How to remain relevant as a small researcher in the age of big data/compute?
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