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Classic A.l.
The Age of Expert Systems
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A Brief History of Logic

George Boole's "The Laws Of Thought" (1854): the
| aws of | ogic Anareo the | a

Propositional logic and predicate logic: true/false!

FvG=G vF; FAG=GaF. commutativity

(FvG)vH=F v (G v H); [FAG)AH=F A (G A H). associativity

Fv{GaH)={F v G)a(F v H). distributivity

FA{GvH)=(F aG)v(F aH). distributivity

M[FvG)="F s G, M[FAaG)="FvG, De Morgan
(Jx)Tet(x)

(Vx)(Tet(x) — Large(x))
((Vz)(Tet(z) — Large(z)) — (Tet(z) — Large(z))
connectives = {&,7 ,v, A, =} Tet(z) - Large(z)
tifi = [ Large(z) — (3x)Large(x)
quantifiers = {¥, } Tet(z) — (3z)Large(z)
(dz)Tet(z) — (dz)Large(x)
(dx)Large(z)



A Brief History of Logic

Axiomatization of Thought:

Gottlob Frege's "Foundations of Arithmetic"
(1884)

Giuseppe Peano's "Arithmetices Principia
Nova Methodo Exposita” (1889)

Bertrand Russell's "Principia Mathematica"
(1903)




A Brief History of Logic

A David Hilbert (1928)

I Entscheidungsproblem problem: the
mechanical procedure for proving
mathematical theorems

I An algorithm, not a formula

I Mathematics = blind manipulation of
symbols

I Formal system = a set of axioms and a
set of inference rules




The Cultural Context

A 1910-1950 Everything changed:
I Everyday life
I The foundations of science
I The concept of art
I The geopolitical order




A Electricity
A Regriferator
A Automobile
A Airlane

A Telegraph
A Telephone
A Phonograph
A Camera

A Cinema

A Radio

A Typewriter
A Calculator
A Skyscraper
A Plastic

The 1910s
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The
emancipation of
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History is a
nightmare from
which | am trying
0 awake




Truth is an
opinion

There will always Your mind
be something yo

cannot prove

creates realit

Mind is a
symbol
processor

obey the same
laws of nature

Everything
comes from ju§t
one point

Everything is
information




Cultural Context

A Bottom line:
I Nonconformism
I Anxiety
I Noise
I Freedom
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Cultural Context

A World War 1l (193945)

A The Holocaust

A Hiroshima

A Disintegration of the British Empire
A Rise of the USA and Soviet Union
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Alan Turing

A Hil bertés chall enge
capable of solving all the mathematical
problems

A Turing Machine (1936): a machine whose ......
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N =10 o] (the "natural" numbers)

behavior is determined by a sequence of f= . G

. . hiﬁ«f:{‘m-“ﬂ;}},ﬁ
symbols and whose behavior determines t™ -
sequence of symbols

A Auniversal Turing machine (UTM)isa -

Turing machine that can simulate an arbitr,g: e
Turing machine
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Alan Turing

A Alan Turing (1936)

I Universal Turing Machine: a Turing machine
that is able to simulate any other Turing
machine

I The universal Turing machine reads the
description of the specific Turing machine to be

simulated
p
Universal
Inpus e Ol bngp s Turing
[ 1 | ete Machine .
llIzlaldjalnl?li'nlmnu = [llz'j*-l £6 T8 9101112 ¢ : Instructions
? T Turing Machine
p'“dh“dT | Weikt bl Description
‘ Instructions | ) Infinite Tape k: =
0 1 0 0 1 1 0 0 0

Turing Machine



Alan Turing

“It 1s of fundamental
importance for the character
of this problem that only
mechanical calculations
according to given
instructions [...] are
admitted as tools for the
proof.”

(BTW, the halting probl em
Entscheidungsproblem is impossible)
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Alan Turing

A Turing machines in nature: the ribosome, which translates
RNA into proteins
I Genetic alphabet: nucleotides ("bases"): A, C, G, U
I The bases are combined I n group

I RNA is composed of a string of nucleotides ("bases") according to
certain rules

I There are special carrier molecules ("tRNA") that are attached to
specific aminoacids (proteins)

I The start codon encodes the aminoacid Methionine

I A codon is matched with a specific tRNA

I The new aminoacid is attached to the protein

I The tape then advances 3 bases to the next codon, and the process

repeats
I The protein keeps growing
i When the Astopo codon i s encoun

from the mRNA



Alan Turing

A World War 1I: |
I Breaking the Enigma code (Bombe)  rejiica of the Bombe

I Turing worked at Bletchley Park where the
Colossus was built but it was not a universal
Turing machine (not general purpose)
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