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Overparameterization



Occam’s razor



INCREASE THE NUMBER OF PARAMETERS!!!

DECREASE THE NUMBER OF PARAMETERS!!!



PATTERNS vs RULES
FAST vs SLOW



A brief history of  
Artificial Intelligence



Alan Turing



GOFAI: AI with logic (1957-2000)

• Acquire knowledge with logic (IF-THEN rules)


• Body vs mind —> hardware vs software


• Knowledge about the brain is irrelevant


• Emphasis on slow thinking

Good Old-Fashioned AI



Knowledge as IF-THEN rules

IF rain THEN open umbrella

IF forecast is rain THEN take umbrella

IF go outside THEN check forecast 

“Expert systems”



AI through learning from examples(2000-now)

• Knowledge acquisition through statistics 
(machine learning)


• Body = mind —> materialism


• Knowledge about the brain is relevant


• Emphasis on fast thinking



Pattern recognition





Artificial Neural Networks



Perceptron 1958



1980’s  Now (did not work in the 80’s)



What changed between the 1980’s and today?

• Data!


• Computational power!


• Improvements neural networks
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Many free parameters



Convolutional Neural Network

Deep Learning (“AI”)





Illustration by Joost Swarte, October 6, 2017, MIT Technology Review



Artificial General AI (AGI)



Artificial General AI (AGI)



Generative AI



Language models 
e.g. Generative Pre-trained Transformer (GPT)

• Self-supervised training, e.g., predicting the next word…


• Trained on huge data sets (WWW, Twitter, books, …)


• Growing number of free parameters


• Growing energy requirements (although this may be temporary)



0

250

500

750

1000

June 2018 Feb 2019 Spring  2020 Autumn 2023

N
um

be
r o

f p
ar

am
et

er
s 

(B
ill

on
s)

GPT-1 GPT-2 GPT-3 GPT-4

?



How does it work?



Word embeddings

• Computers can not read the meaning of words


• word embeddings try to capture some meaning in a 
numerical representation

koning: (0.02, 0,31, 0.24, 0.01, 0.78,….) 

Emphasized: the numbers, not the word.



koning

koningin

man

vrouw

Distances of the word embeddings reflect (some degree 
of) their meaning



Training of 
Large Language Models (LLMs)

“Next word prediction”

Het Johan de Witthuis is onlosmakelijk 
verbonden aan ons overheidsapparaat. De 
eigendomsgeschiedenis van het woonhuis is 
een afspiegeling van de ontwikkeling van het 
Rijksvastgoed: van particulier eigendom tot 
Rijksmonument dat met recht het Huis van 
Staat genoemd mag worden. Dit was een 
b ro e d p l a a t s v a n p o l i t i e k e i d e e ë n e n 
beslissingen. Met de inzet van het Johan de 
Witthuis als vergaderlocatie voor het Rijk zet het 
Rijksvastgoedbedrijf een traditie voort die hier 
begon met bewoner en raadspensionaris Johan 
de Witt (1625 -1672).



“I walked to the bank ….”



BANK

0.5 BANK + 0.1 IN + 0.1 THE +0.3 PARK

ATTENTION

“I WALKED TO THE BANK IN THE PARK”

Attention is the core of Transformers (GPT)
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Semantic shift in LLMs



Repeated contextual embedding
Woorden

Woorden in context

(Woorden in context) in context

((Woorden in context) in context) in context

…
…

..



Open AI’s Chat-GPT



Large Language Models

Databronnen LLM

train

LLM is “pretrained”  en “generative” (GPT)



ChatGPT en GPT-4
Reward “good behaviour”
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GPT-4

Databronnen LLM

train



Three steps

1. Pre-training 2. Finetuning 3. In-context learning

Learning Learning Not learning

Development Application



GPT-4

Despite its capabilities, GPT-4 has similar limitations to earlier GPT 
models [1, 37, 38]: it is not fully reliable (e.g. can suffer from 
“hallucinations”), has a limited context window, and does not learn. 
from experience. Care should be taken when using the outputs of 
GPT-4, particularly in contexts where reliability is important. 

OpenAI (2023). arXiv:2303.08774v2 [cs.CL] 16 Mar 2023









Examples





Sally-Anne false-belief test
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“Chaining” of LLMs in Human-AI teaming

arXiv:2110.01691v3 [cs.HC] 17 Mar 2022



Democratic Policy Development 
using Collective Dialogues and LLMs

arXiv:2311.02242v1 [cs.CY] 3 Nov 2023



LLMs surpass human experts in 
predicting neuroscience results

arXiv:2403.03230v2 [q-bio.NC] 14 Mar 2024



AI in Systems Engineering

• LLMs can contribute to data analysis, hypothesis generation, complex 
(agent-based) model simulation, prediction


• LLMs suffer from biases (cultural and societal biases, data-source biases, 
data-collection biases, fine-tuning biases, prompting biases)


• LLMs are bad at reasoning (“system 2”) and can be very convincing if fine-
tuned like Chat-GPT.


• LLMs are not yet fully understood (work in progress)



What LLMs are not able to do…
?







Narrow but very powerful tool
• AI moved from explicit to implicit knowledge representations (XAI)


• Emergent properties of overparameterized models


• GPT-like systems still in full development


• Unlike humans, so avoid the use of “suitcase terms” (“understands”, 
“recognizes”,…). Do not anthropomorphise


• Although GPT4 is not open software, it is to be expected that alternative open 
versions will become available through research initiatives


• Transformers in LLMs and many other applications are changing AI and its 
impact on society




