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31950 1960 1970 1980

1959: MIT AI Lab  - 
McCarthy & Minsky

1966: ELIZA  
(Weizenbaum, MIT)

 1968: SHRDLU (Winograd)

1960: LISP (McCarthy & co)

1970s: optimism, great achievements

1956: Dartmouth Summer  
Research Project on AI 
McCarthy, 1956

1950: Can machines think?  
Turing and the Imitation Game 

How it started



The rationality approach to AI  
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explicit 
structured

human-like

general purpose  
problem independent 

Andrean Prabowo

Knowledge + Reasoning  ⇒ Intelligence 



5

Andrean Prabowo


∀x Person(x) → Mortal(x) .
Person(Socrates) .

Mortal(Socrates)?

yes

Knowledge + Reasoning  ⇒ Intelligence 

https://www.flaticon.com/authors/andrean-prabowo


Knowledge + Reasoning  ⇒ Intelligence 
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Andrean Prabowo


In patients with 
respiratory 
inflammation: 

…..

Database of patients and diagnosis 

https://www.flaticon.com/authors/andrean-prabowo


Knowledge + Reasoning  ⇒ Intelligence 
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Andrean Prabowo


Description of a dynamic 
system’s evolution

Safety conditions

✅ ❌

https://www.flaticon.com/authors/andrean-prabowo


Knowledge + Reasoning  ⇒ Intelligence 
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Andrean Prabowo


All bikes have 1 frame and 2 wheels of the same type. 
Frame A is compatible with wheel models 1 and 3. 
Frame B is compatible with wheel model 2.

Cheapest bike 
configuration 

price database

…compatible 
with handle C 
and a seat of 
supplier X. 

https://www.flaticon.com/authors/andrean-prabowo
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Rationality approach to AI  
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1974-1980: first limits, 
first winter

Japanese 5th Generation Project

Prolog

Rock image by Icongeek26

It had a good run!
but…

https://www.flaticon.com/authors/icongeek26


High-precision logic engineering 
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To each problem, the right language 

Tool images by freepik


P ∧ ¬Q → S

I ⊑ V ⊔ B

∀ ⃗xP(x) ∧ ⋯
C(X) ← A(X)
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• SNOMED CT >350,000 clinical terms, multilingual, >80 countries


• 1000s of ontologies, 1000000s of biomedical concepts  

BioPortal, OBO Foundry, NCI thesauri, WHO classifications, ICH (pharmaceutic regulation)…
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A lightweight superstar  
for medical and life science terminologies

polynomial 
reasoning! 

Description Logics: a modular family of languages 
balancing cost of inference vs. expressiveness



The case of Guardedness 

• beautiful model theory

• admits elegant tools (e.g. tree automata)

• computationally robust

• excellent for describing structured domains and their evolution 


• modal logics, description logics, dynamic and temporal logics…
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Tailoring elegant fragments 

but terrible for asking database questions!
⋮



Combining languages 
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MATCH (n:Inflammation)-[:AFFECTS]->(b:Organ) 
      (b:)-[:PART-OF]+->(c:RespSystem)

WHERE n.type = 'Chronic'

RETURN n;

inherently different from 
languages for describing 
structured knowledge 

Rube Goldberg (published Collier's, Sept 1931)

https://en.wikipedia.org/wiki/en:Rube_Goldberg
https://en.wikipedia.org/wiki/Collier%27s


Not for the faint hearted! 
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tombstone by Freepik

elegant proof 
techniques 
😕

nice 
model theory  

😕



Rightsizing on demand 
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Questions, query 
languages  

💬💬💬

domain descriptions, common-sense 
knowledge, … 

graph icon by Becris - Flaticon

temporal data, 
graph data,  
web data… 

KR customizer
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Some semantic challenges
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All trains to the 
airport depart form 

platform 1.

All ingredients are 
vegetarian.

All buyers are happy and 
recommend the product?



An unachiavable dream? 
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With hard work and advanced techniques, feasible approaches to non-monotonicity 

Dozens of works since the 1980s, but it is hard! 

The Complexity of Circumscription in DLs (Bonatti, Lutz, & Wolter 2009)

Theorem: Answering safe-range queries 
is feasible in co-NP in data complexity for 

 with closed predicates. 

Bonatti, Di Stefano, O., Šimkus (2023)
S. Lukumbuzya, M. O and M. Šimkus (2023) 



Tailoring advanced solutions 
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questions, query languages  

💬💬💬

domain descriptions, common-sense 
knowledge, … 

advanced requirements

icons by Ida Desi Mariana and HAJICON - Flaticongraph icon by Becris - Flaticon

temporal data, 
graph data,  
web data… 

Constraints, restricitons on the data 

tape by Nhor Phai - Flaticon

KR customizer
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in an ever-evolving landscape



• explanations 

• how is a conclusion derived? 

• why is a desired conclusion missing?


• translations among languages 

• equivalent, faithful up to a vocabulary / query type…

• leveraging constraints 

• absorb some components    


• compilations 

• costly reasoning offline, efficient online access  

• absorb some components    


• incremental reasoning  

• validate changes before execution

• avoid recomputation after updates 

Advanced reasoning

The aims:

correct

optimal 

practicable


algorithms for different types of 
data, knowledge, constraints, 
queries, requirements….
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AI = Knowledge + Reasoning? 



The learning-centric approach to AI  
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C(X ) ← A(X )
∀ ⃗xP(x) ∧ ⋯∀ ⃗xP(x) ∧ ⋯

I ⊑ V ⊔ B
P ∧ ¬Q → S

By lawrence87 - Sargur Srihari

Mimic our learning rather than our reasoning

• learn to make predictions from data and examples

• improve performance over time
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vector graphics by Freepik

learning

less control!

•inaccessible 
presentations


•unpredictable on 
unseen examples 


•poor explainability

💰

CO2
DATA

©OpenAI
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learning

Where is AI going? 



26

Bridging rationality- and learning-driven AI 

By Gregory H. Revera, CC BY-SA 3.0

Bilateral AI

Cluster of Excellence

Where is AI going? 


