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It‘s white‘s turn.

What is your move?

https://www.ich-lerne-schach.de/public_files/treppenmatt_001.png
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Daughter#3, CC BY-SA 2.0 <https://creativecommons.org/licenses/by-sa/2.0>, via Wikimedia Commons

Which animal
do you
recognize?



Did you approach the two exercises differently?



Artificial Intelligence (also) provides two different
methodological paradigms

Symbolic AI Subsymbolic AI





Games Computers Play

1995:
Chinook wins world-championship in Checkers

1997:
DeepBlue defeats Kasparov 3,5:2,5

2016:
AlphaGo beats Lee Sedol 4:1

2017: AlphaGo Zero wins 100:0 against AlphaGo





Symbolic AI Subsymbolic AI

Rule-driven Data-driven

Explicit representation Implicit representation

Logic and search Statistics

Explainable results Black-Box

Combinatorial Explosion Training on Huge Datasets

Heuristics / structural features Parallelisation

Applications:
Planning, Expert Systems, Configuration,
Scheduling, Logical Reasoning, Games, ...

Applications:
Clustering, Image/Music/... Recognition,
Generative AI, Recommender Systems, Games ...





Artificial General Intelligence

Goal: perform any intellectual task that a human being can

Current AI only capable of performing specific tasks

Main obstacles:
•Abstraction
•Common-Sense Reasoning
•Synthesis of Paradigms



Symbolic AI
Symbolic Artificial Intelligence is the term for the collection
of all methods in artificial intelligence research that are
based on high-level "symbolic" (human-readable)
representations of problems, logic and search.

John Haugeland gave the name GOFAI ("Good Old-
Fashioned Artificial Intelligence") to symbolic AI in his
1985 book Artificial Intelligence: The Very Idea.

„One path to human-level AI uses mathematical logic
to formalise common-sense knowledge in such a way
that common-sense problems can be solved by logical
reasoning.“ (John McCarthy)

Marvin Minsky



Propositional Logic

• atomic propositions (which can be true or false) are combined via connectives

• truth value of compound formula is given by the assertions to atomic propositions and the semantics
of the connectives

EXAMPLE:

AI ... Study artificial intelligence
DH ... Study digital humanism

Formula1: (AI or DH)
Formula2: (AI or DH) and not (AI and DH)
Formula3: (AI -> DH) and (DH -> AI)
Formula4: Formula2 and Formula3





Capturing Combinatorial Explosion - NP-Hardness

Propositional formula over k atoms:
2^K different candidates that can make formula true

number of atoms in universe ... around 2^280

Even worse: finding winning strategies

https://corporatefinanceinstitute.com



Taming Combinatorial Explosion
Instances in different domains typically have different properties

+ implicitly exploited via heuristics
+ parameterized algorithmics



Nonmontonic Logics → Answer-Set Programming (ASP)

(Schaub,Woltran: Special Issue on ASP. Künstliche Intelligenz 32, 2018)

Answer-Set Programming (ASP): Declarative high-level modeling
language that comes with highly efficient solving engines
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ASP in Action ...

https://potassco.org/clingo/run/





“Machines do only what we tell them to do; they're
not going to suddenly wake up and decide to take
over the planet. The problem with machines is that
they do exactly what we tell them to do.”

Toby Walsh



Further Readings
+ Thomas Haigh: Conjoined Twins: Artificial Intelligence and the Invention of Computer Science.
Commun. ACM 66(6): 33–37 (2023)

+ Johannes Klaus Fichte, Daniel Le Berre, Markus Hecher, Stefan Szeider: The Silent (R)evolution of
SAT. Commun. ACM 66(6): 64-72 (2023)


