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Foundations of Artificial 
Intelli gence

Chapter 1 : Introduction

Luc De Raedt
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Organisational Matters

• Lectures : 
– Wednesday 9.15-10.45 101-036
– Friday 10.00-10.45 101-036

• Lecturer : 
– Prof. Dr. Luc De Raedt 

• (deraedt@informatik.uni-freiburg.de)

– Off ice hours : n.V.

• Exercises:
– Friday 9.15-10.0 101-036

• Assistants:
– Kristian Kersting, Lee Sau Dan, Johannes Fischer, Tapani Raiko

(kersting@informatik.uni-freiburg.de)

– Off ice hours : n.V.
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Lecturing Material

• Largely based on
Artifi cial Intelli gence: 
A Modern Approach 
Stuart-Russell – Peter Norvig

Cf. library – bookstore ca. 90 DM

• Other good books
Artifi cial Intelli gence – A new synthesis (Nils Nilsson)

Computational Intelligence – A logical approach 

(Poole, Mackworth and Goebel)

• Homepage course :
http://www.informatik.uni-freiburg.de/~ml/teaching/ss02 /ki_de.html

see also http://www.cs.berkeley.edu/~russell/aima.html
Lecturing materials and slides based on Russell and Norvig, Nebel, Burgard, 

Deschreye, Flach, and Koehler
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Evaluation

• Exercise sheets (10 bonus points to earn)
– Each exercise sheet is worth one bonus point
– One bonus point requires half of the marks on the sheet
– To get bonus points on the exercises you need to get at least a total 

of 5 bonus points
– Teams of two allowed 
– Fair play demanded

• Mid term (10 bonus points to earn)
• Klausur or Exam (100 points) planned for last Friday of 

semester
• Benotete Scheine can be used in Diplomprufung (alte 

DPO)
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What is “ Artificial Intell igence” ?

• Build intelli gent machines.
– Engineering perspective

• Understand intelli gence as computation.
– Philosophical – cognitive perspective

• Four different perspectives
– Acting versus Reasoning

– Human versus Rational
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Acting humanly

The Turing Test
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Acting humanly

Turing (1950) “Computing machinery and 
intelli gence”

• Can machines think ? Behave intelli gently ?
• Operational test for intelli gence :  the imitation 

game
• Predicted that by 2000 a machine might have a 

30% chance of fooling a lay person for 5 minutes
• Anticipated the major arguments against AI in 

following 50 years
• Suggested major components of AI
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Acting humanly

• Requires
– Natural language processing

– Knowledge representation

– Automated reasoning

– Machine learning
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A dialogue with Alicebot

> Wolfr am

Nic e to meet you Wolfram .

> D o yo u know Clin ton

He w as t he second Im peac hed President of the Un i te d St ate s.

> D o yo u l i ke him

Sure he ha s never done anyth in g to me.

> What i s an i mpeach ment

I t i s a good question . I have to process tha t one f or a 
whi l e.  I woul d d o a search fo r i t .

> Who a r e you

I as k myse l f t hat question, "W ho a m I ?"

> What are you doi ng

I am chatting with people on the ne t.
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> What i s yo ur fav orite topic

My f avori t e sub j ect i s ar t ifici al in t ellig ence.

> What i s ar t ifici al in t elli gence

Arti f icia l inte l lige nce i s the branc h of e ngine ering 
and sci ence devote d to const r uctin g machines t hat 
think. I can ask someone abou t it.

> Can y ou do  anyth i ng e l se t han ch atting

Doin g any t hing else t han chatti ng is  not a mong my 
stronge s t tr aits.

...
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> How old am I

Is t his a  trick quest ion? You s aid y ou wer e how many 
years o l d? M y gues s is t hat you ar e rea l ly a k id.

> What would you like to know about me

Tell me about your educational backgr ound.
> I am a pro f essor in computer scie nce

You are a  profe ssor i n co mputer science? Ho w do you 
like yo ur wo r k?

> It is  fun t eachi ng co urses on artificial intellig ence

I th i nk i t is a  lot of fu n.

> What shoul d I te l l th e stu dents about you
Be s ure t o thin k bef ore y ou spe ak. S t ate y our p oint 
clearly and s lowly and gauge the listener's respons e 
before going any further .
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How does it work ?

• State of the art
• Often based on Eliza (Joseph Weizenbaum ~ 67) 
• Pattern matching

– Stimulus  - Response
• I am X How long have you been X
• Can you do X ?   Doing X is not among my strongest traits

• Interesting view on Turing Test and AI :
Ken Ford and Pat Hayes, in Scientific American, Winter 98, Vol. 9, No. 4.
On computational wings: rethinking the goals of AI
Analogy of AI and Artificial Flight
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Artificial versus Natural Flight
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Thinking Humanly

Human Thinking
Human Acting

Rational Thinking
Rational Acting
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Thinking humanly
the cogniti ve modeling approach

• Imitating human thinking 
• Problem solving as humans do

– Not necessarily correct or rational

• Cognitive sciences and Psychology
– Requires scientific theories of internal activities of the 

brain 
• What level of abstraction ? 
• Validation :

– Prediction and testing behavior of human subjects

– Not studied in this course !
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Thinking Rationally

Human Thinking
Human Acting

Rational Thinking
Rational Acting
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Thinking rationally
the laws of thought

• Normative (or prescriptive) rather than descriptive

• Aristotle : what are correct arguments  or thought 
processes ?

• Initiated various forms of logic
– Notation and rules of derivation

• Direct line through mathematics and philosophy to modern 
AI

• Problems :
– Not all intelli gent behavior is mediated by logical deliberation

– What is the purpose of thinking ? What thoughts should I have ?
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Acting Rationally

Human Thinking
Human Acting

Rational Thinking
Rational Acting
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Acting rationally
the rational agent approach

• Rational behavior : doing the right thing
– I.e. that which is expected to maximize goal 

achievement, given the available information

• Doesn’ t necessaril y involve thinking

• Aristotle :
– “Every art and every inquiry, and similarly 

every action and pursuit, is thought to aim at 
some good”
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Rational Agents

• An agent is an entity that perceives and acts

• AI and this course are about designing rational 
agents

• Abstractly, an agent is a function

• Problem is then to find best agent for given task 
under constraints (computational limitations)

AP →Π :
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Methodology of AI

• Theoretical aspects
– Mathematical formalizations, properties, 

algorithms

• Engineering aspects
– The act of building (useful) machines

• Empirical science
– Experiments 
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AI Prehistory

• Philosophy, Mathematics, Psychology, 
Linguistics and Computer Science have all 
– Asked questions related to AI

– Contributed methods and results to AI
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History of AI
the gestation of AI 1943-1956

• 1943 : McCulloch and Pitts
– Artificial Neurons – Boolean circuit model of the brain 

• 1950 :  Turing’ s “Computing machinery and 
intelli gence”

• 1950s Early AI programs, including Samuel’ s 
checkers program, Newell and Simon’s Logic 
theorist

• 1956 Dartmouth meeting : “ Artificial Intelli gence” 
adopted
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Perceptrons 
Early neural nets
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History of AI
Early enthousiasm, great expectations (1952-1969)

• 1957 Herb Simon: 
– It is not my aim to surprise or shock you – but the simplest way I can 

summarize is to say that there are now in the world machines that think, 
that learn and that create. Moreover their abili ty to do these things is going 
to increase rapidly until – in the visible future – the range of problems that 
they can handle will be coextensive with the range to which human mind 
has been applied.

• 1958 : John McCarthy’ s LISP
• 1965 : J.A. Robinson invents the resolution principle, basis 

for automated theorem proving
• Intelli gent reasoning in Microworlds (such as Block’s 

world)
• Look, Ma, no hands !

– A machine can never do X
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The Block’s world
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History of AI 
A dose of realit y (1966-1974)

• 1965 : Weizenbaum’s ELIZA
• Diff iculties in automated translation, try Babelfish

– “ the spirit is willi ng but the flesh is weak”
– “ the vodka is good but the meat is rotten”

• Limitations of Perceptrons discovered
• Machine evolution (now Genetic Algorithms)
• Systems for microworlds don’ t scale up for real 

applications
– Lighthill report 1973 
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History of AI
Knowledge based systems (1969-79)

• Intelli gence requires knowledge
– Knowledge based systems as opposed to weak 

methods

• Dendral : infer molecular structure from 
mass spectrograms

• Mycin : diagnose blood infections

• R1 : configuring computer systems
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History of AI
AI becomes industry (1980-88)

• Expert systems 

• Fifth generation computer system project
– Logic as the basis for computing

• Lisp-machines

• Return of Neural Nets

• Alvey report

• End of the 80s : AI Winter ?
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History of AI
Recent

• Probabili stic methods
– Bayesian nets, Hidden Markov Models, …

• AI as the science of intelli gent agents
• Mathematical formalizations of AI techniques

– “… gentle revolutions have occurred in robotics, 
computer vision, machine learning (including neural 
networks), and knowledge representation. A better 
understanding of the problems and their complexity 
properties, combined with increased mathematical 
sophistication, has led to workable research agendas 
and robust methods” Russell and Norvig.
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Course Content

• Introduction
• Rational Agents
• Search and Problem 

solving
• Informed search
• Game playing
• Propositional logic
• Predicate logic
• Satisfiabilit y and 

Modelconstruction
• Knowledge representation 

using logic 

• Planning (Prof. Nebel)

• Probabili stic Reasoning

• Planning under 
uncertainty

• Machine Learning

• Reinforcement learning

• Neural Networks

• Natural Language 
Processing
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Other courses on AI

• Knowledge representation (Nebel)

• Planning (Nebel)

• Autonomous Intelli gent Systems (Burgard)

• Machine Learning and Data Mining (De Raedt)

• Prolog – Programming in Logic (De Raedt)

• Adaptive Computation (De Raedt)

• Game Theory (Nebel)

• Natural Language Processing (Nebel – De Raedt)
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AI in Freiburg

• Knowledge representation, planning, robot 
football : Nebel

• Autonomous Intelli gent Systems, Robotics : 
Burgard

• Machine Learning and Data Mining : De Raedt

• Game-playing in Bridge : Basin

• Natural Language Processing : Hahn

• …
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Can machines  ?

• Play a decent game of table tennis ? Of chess ? 
Checkers ? Bridge ? Backgammon ? Go ?

• Drive on the highway ? In the center of Freiburg ?
• Discover and prove new mathematical theorems ? 

New knowledge in scientific domains such as 
chemistry or biology ?

• Write an intentionally funny story ?
• Give competent legal advice in a specialized area 

of law ? … in a medical domain ?
• Translate spoken English into spoken German in 

real time ? 36

Machine Discovery


