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systems MIL— 2
I Deductive Databases v ) '
A Usually built on top of Datalog @Q’I l
i Expert Systems TN
AUsuaIIy built on top of some type aicertain or fuzzy
reasoning
I Semantic Web

A Built on top of Description Logics

A All these technologies are based on
formal logics

I Topic of this lecture!
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2. Logics for Knowledge Bases

2.0 Introduction to Logics
2.1 Syntax of First Order Logic
2.2 Semantics of First Order Logi

P ATy (z) « 3, (P A Q(z))

é&‘g

vz P(z) & 3z P (@)

e ci o ] ] # J l ‘ .]
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2.0 Goals Of this lecture

A Learn something about thaistory of logics

I Ideas and people
I Come ( ho
need to

nehind logic
pefully) to

t he <C
K how more about i

A Learn abousyntax of logical languages

I Construct valid terms and formulas from a given signatt
detect invalid expressions

A Learn ofsemantics andinterpretation
I What are interpretations and why are they needed

A Most importantly:

syntax has no meaning without interpretation
I Interpret given formulas and terms
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2.0 Knowledge Generation

A Remember: Our long term goal is to build
deductive DBs and expert systems...

A Basic questionHow can we generate new
knowledge?

I Start with some knowledge that is (generally?)
considered true &éxioms)

I Derive new knowledge in a
consistent and understandable
f a s hiinderegce )

I Hmmm, eseems f ar
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@ 2.0 Knowledge Generation

A Inference comes in two major flavors

I Inductive inference
Perform multiple observations and draw a conclusio

I Deductive inference:
Provide some true facts (axioms) and rules and thel
combine them to generate
conclusions (theorems)
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@ 2.0 History of Logic DemlHi

ALet ds do s ome
sophism (5" century BC)
I Pre-socraticphilosophy
I Only fragments survive
I Known through the writings of
opponents like Plato or Aristotlé
A Rhetoric as a (paid) skill '
I Used for persuasion of others
I Use ambiguities of language in order to e
deceive or to support fallacious reasonin &

y Gorgias
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2.0 Logic as aTool Deto

A First appearance of formal logics was
around 330 BC 1In

O0On I nterpretatio
Ar i st Orgdn@o s

A Logic was intended astaol for
valid philosophical arguments

A Aimed at formal and safaeference

I Describing the process of deriving new knowledge from
old knowledge or observations

I Di scovers many sophi
Sophi stical egdnant at |
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@ 2.0 Logic as aTool

A Sophistic Tricks and Fallacies:

I Fallacy of Equivocation:

A0 Aeather islight. Whatis light cannot balark. Therefore a
feather cannot be datk o

I Fallacy of Composition:

AbEach individual vcontbieingimsitiple a t
votes is also rational . o

| Fallacy oAccident:

A0 Cu t gedple gith knives is arime. Surgeonsut people with
knivesSurgeonsre criminals 6

I Fallacy of Begging the Question:

AbOEverybody thinks that the X
the hottest gadget right now
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@ 2.0 Propositional Logic Demlﬂi

A Propositional Logic deals with atomic logical

statements and logical connectives in a merely
structural sense

I Atomic statements cannot be further divided
AExampl es are 0The earth i c

=

I Connectives are OANDO, OORO @&
| Basically all connectives areth functions that
evaluate to O0trueodo or o0

AThere are alsonulti -valued logics, think for instance
about NULL values in relational databases
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2.0 Propositional Logic i

A First approaches date back #wistotle who
discussed some basic principles in the collectio
O Met aphysiccenfuryB@r ound

I 0A statement and 1 ts co
t he same ti1 medo

IOEvery statement
has to be truebo

I The technique of indirect proofs

A Propositional logic then has been & L
heavily refined during medieval tim
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2.0 Propositional Logic ~ YE[pny

A A first sound and complete
formalization fortruth
values was given by George
Boole in 1847 with his
algebraic calculus

I Boolean Algebra
A Graphic representation byenn diagrams

(@ @

X y X y X
X AND y XORYy NOT x
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2.0 Propositional Logic  UeIpnr

A The first real calculus withmplications was
then formalized bysottlob Frege(1879) and
subsequently refined by Bertrand Russell (191C

A But propositional logic is the
simplestkind of | oqgi

| It does not investigate thetatements themselves

I For instanceguantifiers or predicates are not used,
which limits the applications

I Sometimes referred to agero "-order logic
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2.0 Term Logic

J

A For the special application @eductive inference
from statements Aristotle introduceterm logic

I Term logics remained the dominating logical paradigm L
the advent ofpredicate logics in the late 19' century

A Consists of threebasics constructs

I Term : A word representing

I Proposition : A combination otwo terms (the subject
and the predicate)

I Syllogism: An inference where some proposition
(conclusigmlirectly follows from two others premisgs
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@ 2.0 Term Logic I)e[v ]

A Terms

I A term per se is neithetruenor false

IExampl es: Ari stotl e, m
A Propositions

I Provide a statement which ether true or false

I Propositions have guantity and aguality
AUniversal and affirmativeAll menare mortal’
AExistential and affirmativeSdme menare philosophers'
AUniversal and negativeNd manis immortal’
AExistential and negativeSdme menare not philosophers'
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@ 2.0 Term Logic Deil)llﬁ

A The square of opposition defines tlaglowed
logical conversions

Contradictories
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@ 2.0 Term Logic Demlllﬁ

A The syllogism is the actual device of inference

proposition & proposition proposition

| ) | J | J
| i I

minor premise  major premise conclusion

I Theminor premise contains a minor term (subject) anc
a middle term (predicate)

I Themajor premise contains the same middle term
(subject) and a major term (predicate)

I Theconclusion contains the minor term as subject and
the major term as predicate
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2.0 Term Logic Delonr

A In syllogisms of the four terms in the premises, one
has tomake the connection

I Thus, one termhas to appeatwice and work assubject
andpredicate

A Based on the allowed conversations, we can define
256 different types of syllogisms
I Only 24 are valid

A Examples
I UniversalAffirmative UAUA-UA

A All Greeks aremen. & Allmen are mortal.
All Greeks are mortal.
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@ 2.0Term Logic

I UniversalAffirmativeUN-UA-UN

ANo reptiles havefur.& All snakes arereptiles .
No Snakes havefur.

I UniversalAffirmativePN-UA-PN

ASomecats haveno tail. & All cats are mammals .
Somecats haveno tail .
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2.0 Term Logic Uelonr

A For Aristotele in propositions and syllogisms onl
plurals (universal terms) are possible

I Term logic largely ignoresingular terms
fCan you Soargtesd sver yphi | os
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2.0 Term Logic

A Later,singulars have been introduced predicatin
only one thing and treated asiversals

I All Socrates are men. & All men are mortals
All Socrates are mortals. -

A Introduced in thePort -Royal- LOglc
by AntoineArnauldand D
Pierre Nicole (1662)

A Obviously, this is a little
awkwar de

,,,,,,,,,
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@ 2.0 Early Criticism

A Eubulide®f Miletus (4 century BC)

I Philosopher of theMlegariarSchool =
AHeavily critici z@\
syllogisms

i A grain of sand is no heap. Adding a

single grain does not make a heap.
There is no heap of sand!

I | still have, what | have not lost.
| have not lost horns.
| have horns!
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@ 2.0 Early Criticism D@I{)M

A But some fallaciesareot Ar i st ot |
I For 1 mQudteanioErenindrund

I All adults lovechildren . & Allchildren love

chocolate. All adults love chocolate .

A Where is the fallacy?

I All adults are children -lovers.All children are
chocolate -lovers éNot hi ng!!!

I Because only three terms are allowed in syllogisms
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