Foundations of Artificial
I ntelligence

Chapter 1 : Introduction

Luc B¢ Red

Organisational Matters

e Ledures:
— Wednesday 9.15-10.45 101036
— Friday 1000-10.45 101036

e Ledurer:

— Prof. Dr. Luc De Raedt
* (deraalt@informatik.uni-freiburg.de)

— Officehous: n.V.
¢ Exercises
— Friday 9.15-10.0 101036
¢ Assstants
— Kristian Kersting, Lee Sau Dan, Johannes Fischer, Tapani Raiko
(kersting@informatik.uni-frei burg.de)
- Officehous:n.V.

Leduring Material

¢ Largely based on
Artificial Intelli gence
AModern Approach
Stuart-Russell — Peter Norvig
Cf. library — bodkstore ca. 90 DM
« Other good bools
Artificial Intelli gence— Anew synthesis (Nil s Nil soon)
Computational Intelligence— Alogical approach
(Poale, Mackworth and Goebel)

http://www.informatik.uni-freiburg.de/~ml/teaching/s<2 /ki_de.html
seeadso http://www.cs.berkeley.edu/~rusll /aima. html

L ecturing materials and slides based onRusll and Norvig, Nebel, Burgard,
Deschreye, Flach, and Koehler

Evaluation

* Exercise sheds (10 bonspointsto ean)
— Eadh exercise shed isworth onebonuspoint
— One bonus point requires half of the marks on the sheet
— To get borus points on the exercises you reed to get atleas a total
of 5 bonuspoints
— Teamsof two allowed
— Fair play demandel
Mid term (10 bawspointsto ean)
« Klausur or Exam (100 pants) planned for lagt Friday o
Emeser
* Benotete Scheine can be used in Diplomprufung (alte
DPO)

What is “ Artificial Intelligence” ?

« Build intéli gent machines.
— Engineaing perspective
» Understand intelli gence as computation.
— Philosophicd — cognitive perspedive
* Four different perspedives
— Acting versus Reasoning
— Human versus Rational

Acting humanly

The Turing Test Q .
s

—
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Acting humanly

Turing (1950 “Computing madinery and
intelli gence”
« Can machinesthink ? Behave intelli gently ?

« Operational test for intelligence: the imitation
game

* Predicted that by 2000a machine might have a
30% chanceof fodingalay person for 5 minutes

 Anticipated the major arguments against Al in
following 50 years

» Suggested major components of Al

Acting humanly

* Requires
— Natural language processing
— Knowledge representation
— Automated reasoning
— Madhine leaning

A dialogue with Alicebot

> Wolfr am
Nic e to meet you Wolfram
>Do you know Clin ton
Hewas the second Im peached President of theUn ited States.
>Do you like him
Sure he ha s never doneanyth ing to me.
>What is an i mpeachnent

Iti s a goodquestion .l have to process tha t one for a
while. | woulddo a searchfo r it.

>Whoare you

| ask nyselft hat question,"W hoaml?"
>What are youdoi ng

| am chatting with people on the ne t.
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>What isyo urfav orite topic
My f avori tesub ject isar tifici alin telig ence.
>What isar tifici alin teli gence

Arti ficia | inte |lige ncei s the branc h ofe ngine ering
andsci ence devote d to const ructin g machines t hat
think. I can ask someone abou tit.

>Cany oudo anyth inge lset hanch atting

Doing anything else than chatti ngis nota nmong ny
stronge sttr aits.
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> Howold aml

Ist hisa trick quest ion?Yous aidy ouwer e how many
yearso | d?My guess is that youar e reallya kid.

>What would you like to know about me
Tell  me about your educational backgr ound.
>lam a pro f essor incomputer scie nce

You area profe ssor inco nputer science? Ho wdo you
likeyo urwo rk?

> |tis fun teachi ngco urses on artificial intellig ence
Ith inki t isa lot offu n.
>What shoul d Ite |Ith e stu dents about you

Besuret o thin k bef orey ouspe ak.S tatey ourp oint
cleary and slowly and gauge the listener's respons e
before going any further
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How does it work ?

o State of the at
« Often based on Eliza (Joseph Weizenbaum ~ 67)
 Pattern matching
— Stimulus - Response
¢ lamX How long have you been X
« Canyou doX ? Doing X isnot among my strongest traits

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

Human Thinking Rationa Thinking
Humen Acting Rationdl Acting
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Thinking humanly

the cognitive modeling appoach

 Imitating human thinking
* Problem solving as humans do
— Not necessarily corred or rationa
« Cognitive sciences and Psychology
— Requires scientific theories of interna adiviti esof the
brain
« What level of abstraction ?
« Validation:
— Prediction and testing behavior of human subjeds
— Not studied inthiscourse!
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Thinking Rationally

Human Thinking Rationa Thinking
Humen Acting Rationa Acting
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Thinking rationally

the laws of thought

* Normative (or precriptive) rather than descriptive
« Arigdotle: what are corred arguments or thoudt
processes?
 Initiated various formsof logic
— Notationand rules of derivation
« Direa line through mathematicsand phil osophy to modern
Al
« Problems:
— Not all intelli gent behavior is mediated by logicd deliberation
— What isthe purpase of thinking ? What thoughts shoud | have ?
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Acting Rationally

Human Thinking Rationa Thinking
Humen Acting Rationa Acting
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Acting rationally
the rational agent approach

Rational behavior : doing theright thing

— l.e. that which is expeded to maximize goal
achievement, given the avail able information

Doesn’t necessarily involve thinking

Arigtotle:

—“Every art and every inquiry, and similarly
every adion and pursuit, is thoudht to am at
some good”
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Rational Agents

« An agent is an entity that perceives and acts

« Al and this course are about designing rational
agents

Abstractly, an agent isa function

Mm:P - A

« Problem isthen to find best agent for given task
under constraints (computational limitations)
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Methoddogy of Al

Theoretical aspects

— Mathematical formalizations, properties,
algorithms

Engineeing aspeds

— Theaa of building (useful) machines
Empirical science

— Experiments
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Al Prehistory

« Phil osophy, Mathematics, Psychology,
Linguistics and Computer Science have all
— Asked questions related to Al
— Contributed methods and resultsto Al
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History of Al

the gestation of Al 1943-1956

1943 : McCulloch and Pitts

— Artificial Neurons—Bodean circuit model of the brain
1950: Turing's“Computing madinery and
intelligence”

1950s Early Al programs, including Samuel’s
chedkers program, Newell and Simon’sLogic
theorist

1956 Dartmouth meading : “ Artificial Intelli gence”
adopted
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Perceptrons
Early neural nets
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History of Al

Early enthousiasm, great expedations (1952-1969)

¢ 1957Herb Simon:

— Itisnot my aim to surprise or shock you— but the smplest way | can
summarize isto say that there are now in the world machines that think,
that learn and that create. Moreover their ability to dothese things is going
to increase rapidly urtil —in the visible future —the range of problemsthat
they can hande will be coextensive with the range to which human mind
has been applied.

1958: JohnMcCarthy’ sLISP
¢ 1965: JA. Robinsoninventsthe resolution principle, bass
for automated theorem proving
« Intelli gent reasoningin Microworlds (such as Block’s
world)
¢ Look,Ma, no hands!
— A machine can never do X 26

The Block’ s world
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History of Al
A dose of reality (19661974

e 1965 : Weizenbaum’'sELIZA
« Difficultiesin automated translation, try Babelfish
— “the spirit is willi ng kutthe fleshis we&”
— “thevodkaisgood hut the meais rotten”
 Limitations of Perceptrons discovered
* Madhine evolution (now Genetic Algorithms)

« Systems for microworlds don’t scale up for real
applications
— Lighthill report 1973
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History of Al
Knowledge based systems (1969-79)

Intelli gence requires knowl edge

— Knowledge based systems as opposed to weak
methods

Dendral : infer moleaular structure from
massspedrograms

Mycin : diagnose blood infections
R1 : configuring computer systems
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History of Al
Al becomesindustry (1980-88)

* Expert systems

« Fifth generation computer system project
— Logic asthe basis for computing

* Lisp-machines

» Return of Neural Nets

* Alvey report

» End of the 80s: Al Winter ?
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History of Al

Recent

* Probabili stic methods
— Bayedan rets, Hidden Markov Models, ...

« Al asthe scienceof intelli gent agents

« Mathematical formalizaions of Al techniques
— “... gentle revolutions have occurred inrobdics,

Course Content
* Introduction e Planning (Prof. Nebel)
* Rationa Agents * Probabili stic Reasoning
* Seachand Problem « Planning under
solving uncertainty
Informed search

* MadineLeaning

computer vison, machine learning (including reural - Game ;_)I_ayl ng ) « Reinforcement leaning
networks), and knowledge representation. A better * Propasttiond logic . Neua Networks
understanding of the problems and their complexity * Predicaelogic
properties, combined withincreased mathematica - Satifiability and + Natural Language
sophigication, hasled to workable reseach agendas Model congtruction Processing
and robust methods’ Russll and Norvig. + Knowledge representation
31 usinglogic 32
Other courseson Al Al in Freiburg

« Knowledge representation (Nebel)

« Planning (Nebel)

« Autonomous Intelli gent Systems (Burgard)

* Madhine Learning and DataMining (De Raett)

* Prolog— Programming in Logic (De Raedt)

« Adaptive Computation (De Raedt)

* Game Theory (Nebel)

« Natural Language Processing (Nebel — De Raett)
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Knowledge representation, planning, robot
football : Nebel

Autonomous Intelli gent Systems, Robotics :
Burgard

Madhine Learning and DataMining : De Raalt
Game-playing in Bridge : Basin
Natural Language Processing : Hahn
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Can machines ?

« Play adecent game of table tennis ? Of chess ?
Chedkers ? 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 amedical domain ?

« Trandate spoken English into spoken German in
real time ? ®

Machine Discovery
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