Computational Logic Lecture 1

Introduction

Michael Genesereth Autumn 2002



Human Logic



Fragments of Information

The red block is on thgreen block.

The green bloclsisomewherabovethe bluedlock.
The green bloclsinot on the hlie block.

The yellow lwck is on the greeblockor the ble block.
There issomeblock onhie black ck.



Conclusions

The red block is on thgreen block.
The green bloclsion the yeliw block.
The yellow lwck is on the ble block.
The blue blocks on the blacklock.
The black bldcis directy on the tald.



Proof

We are told thathe ydbw block § on the green block or the
blue block. We are also told that the red block is on the
greenblock. Giventhe assumptiorthat there can be only
one block oranother andthat a block cannot bawo colors
at once, wecan conclude that thgellow block is noton the
green block. But then, by elimimat, the yellow block must
be on the blublock.



Reasoning by Pattern

All Aacords are Hondas.
All Hondas are Japanese.
Therefore, all Acords are Japanese.

All borogovesare slithy bves
All slithy bvesare mimsy
Therefore, allbborogovesare mimsy

All x are y
All y are z.
Therefore, all x are z.



Questions

Which patierns are corot?

How many pderns are enough?



Unsound Patterns

Pattern
All x are y
Somey are z.
Therefore, some x are z.

Good Ingance
All Toyotas are Japase cars.
Some Japanese cars are made in America.
Therefore, some Toyotas are made in America.

Not-So-Good hstance
All Toyotas are cars.
Some cars are Porsches.
Therefore, some Toyotas are Porsches.



Induction - Unsound

| have seen 1000 blacavens.

| have neveseen a raven that is notok.
Therefore, every raves black.

Now ty red Hondas.



Abduction - Unsound

If there is no fuethe car wil not start.
If there is no spark, theacwill not start.
There is spark.

The car will not start.

Therefore, there is no fue

Whd if the ar is in a vacuum chmber?
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Deduction - Sound

Logical Entailment/Deduction:
Does not say that cdosion is true in general
Conclusion truavheneegr premises are true

Leibnitz The intelect is freed of all concepbn of the
objects involved, angtet thecomputan yields thecorrect
result.

Russell Math may be definel as the subjectin which we
never know whaive aretalking aboutnor whether what we
are saying Is true.
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Formal Logic
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Formal Mathematics

Algebra
1. Formal languagedr encoding inbrmation
2. Legal trangbrmations

Logic
1. Formal languagedr encoding inbrmation
2. Legal trangbrmations

13



Algebra Problem

Xavier Is thredimes as old a¥olanda Xavier's age and
Yolanda'sage add up tonelve. How old are Xa&r and
Yoland&

Xx—-3y=0
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Logic Problem

If Mary loves Patthen Mary love Quincy. If its Monday,
then Mary love Pat or Quincy. If is Monday, does Mary
love Quinc$

If it Is Monday, dog Mary love Pat?

Mary loves only onperson at a time. If is Monday, does
Mary love Pa?
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Formalization

Simple Sentence

Mary loves Pat. b
Mary loves Quincy. q
It is Monday. m
Premises:
pU g

If Mary loves pat, Maryles Quincy.

If it Monday, Marydves Pat or Quincy. MH PUY

Mary loves one person at an8. pLig L]
Questions:

Does Mary love Pat? =P

Does Mary lov&unicy? U q
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Rule of Inference

PropositonalResolution

p U..Up U g, U... Uq,
r, U..Ur, L] s U...Us,
p,U..Up Ur, U..Or, U qU.Uqg Us O.. Us

NB: If p; on the left hand side aine sentercis the same ag
In the right hand side dhe other sentee, it isokay to drop
the tvo symbok, with the proviso thainly onesuch pair may
be dropped.

NB: If a constant is repeal on the same side afsingle

sentence, all but one the ocarrences can laeleted.
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Examples
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Logic Problem Revisited

If Mary loves Patthen Mary love Quincy. If its Monday,
then Mary love Pat or Quincy. If is Monday, does Mary
love Quinc$

p L q
m [ plg
m [ qlqg
m [ q
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Logic Problem Concluded

Mary loves only onperson at a time. If is Monday, does
Mary love Pa?

m [ q
plg U
mUp 0O
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Computational Logic
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Automated Reasoning

goal
kb
rules

proof <- kb

g

r <- choose(rules)
p <- choose(proof)
g <- choose(proof)
¢ <- apply(r,p,q)
proof <- proofic




Comparison With Formal Logic

Formal Logc
Syntax, semanticgorrectnes and comg@taness
Emphasis on mmimal sets ofrules to sinplif y analysis
These rules are not aws easy to imgment or eficient

Computational Logic
Syntax, semanticgorrectnes,completeness
Also concerned ith efficiency
Emphasis ofdif ferent languageand diferent setof rules
Attention to thosehat bettesuited to automation
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Applications
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Mathematics

Group Axions
(xxy)*xZ=xx(yx2)
XXe=X
ex X=X

XXX *t=e

Theorem
Xtxx=e

Tasks:

Proof Checking
Proof Generation
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Database Systems

Database in Tabular Form Database in SentesltForm

parent

art | bob parent(art, bob)
art | bea pareni(art,beg
bea| coe parenibolkcoe

Constraints
= parent(x, X)
parenix,y) L - parenfy, X)

Definiti ons

parenix,y) L paren(y,z) LI grandparen(x,z)



Program Verification

Program

L—{ sorter]—’ sort(L)

Specification:
Hi.0y.( < j O sort(L); <sort(L),)

Tasks:
Partial Evaluation
Verif ication
Proof of Termination
Complexty Analysis

27



Hardware Engineering

Circuit;

DT o

- [— -

L4 :

Applications:
Simulation
Configuration
Diagnoss
Test Generation

Behavior:

0 = (xU=-y)U(=x0y)
a< zLo
b= xUy
S (0-2) U(—~0ol2)
c = alb
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Information Integration

consumers
Access and Update
Own Schema

Exchanges
Master Schema
Mapping Rules
Integration Data

4
S Sl e
Suppliers
Distributed Mgmt
Own Schema
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Regulations and Business Rules

i,
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Logic Technology

Components
Editors
Automated Reasoning Systems
Knowledge Bses

Some Popuwdr Automated Resoning Sysems
Boyer-Moore
Otter
PTTP

Epilog

Knowledge Baes
Definitions (e.gA bachéor is an unmarred adut male)
Constraints (e.gPV=nRT)
Laws (e.g.1040 necessary itenings >$10,000.) 31



Study Guide
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Multiple Logics

Propositonal Logic

If it IS raining, he ground Is wet.

Relational Logic
If X Is a parent of then y is a chd of x.

MetalevellLogic

John beliges everyling that Mary tis him.
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Common Topics

Common Topics
Syntax - expressions in the language
Semantics - meaning @&xpressions
Logical Entailment - premises and conctuss
Proof Methods

Contrasts
EXpressiveness - operators, variabegressions.,.
Computational Hierarchy -riear, polynomal, decidable,.
Tradeofs - expressiveness versus gartability
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Meta

Wewill f requeny write sentenesaboutsentence
SentenceWWhen it rains, it pours.

Metasentere That sentence caahs a relativeclause.
Wewill f requenty prove things about proef

Proofs; formal
Metaproofs informal
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Mike took It twice!
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http://logicstanfordeduclassefcs157/cs157.html
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http://logic

