Intelligent Systems (Al-2)

Computer Science cpsc4d22, Lecture 20

Mar, 3, 2021

Slide credit: some slides adapted from Stuart Russell (Berkeley),
some from Padhraic Smyth (UClrvine)
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L ecture Overview

Basics Recap: Interpretation / Model /..
Propositional Logics

Satisfiability, Validity

Resolution in Propositional logics
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Basic definitions from 322 (Semantics)

Definition (interpretation)
An interpretation | assigns a truth value to each atom.

Definition (truth values of statements cont’): A knowledge base
KB istruein | if and only if every clause in KB is true in I.
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PDC Semantics: Knowledge Base (KB)

« Aknowledge base KB is true in | if and only if
every clause in KB is true in |.

p q r S

l, true true false false iclicker.

Which of the three KB below is true in I; ?

A B C

P P P

r g q<«rASs
S—qgA1p S<—(
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PDC Semantics: Knowledge Base (KB)

« Aknowledge base KB Is true in | if and only if
every clause in KB is true in I.

P g r S

l, true true false false
KB, KB, KB,
P P P
r q q«rAs
S<—Q/p S <—(

Which of the three KB above is Truein 1, ? KB,
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Basic definitions from 322 (Semantics)

Definition (interpretation)
An interpretation | assigns a truth value to each atom.

Definition (truth values of statements cont’): A knowledge base
KB istruein | if and only if every clause in KB is true in I.

Definition (model)
A model of a set of clauses (a KB) is an interpretation in which

all the clauses are true.
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Example: Models
(P <.
KB =+

P 9 r g@

true true true tr ) Which Interpretations are

2
false false fAlse > Models:

true true false alse/u\

true true true false /)

e —

true true Ealse true | <
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Basic definitions from 322 (Semantics)

Definition (interpretation)
An interpretation | assigns a truth value to each atom.

Definition (truth values of statements cont’): A knowledge base
KB istruein | if and only if every clause in KB is true in I.

Definition (model)
A model of a set of clauses (a KB) is an interpretation in which
all the clauses are true.

Definition (logical consequence)

If KB Is a set of clauses and G Is a conjunction of atoms, G is
a logical consequence of KB, written KB E G, if G is true in
every model of KB.
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Example: Logical Consequences

) r S
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l, true false
5 false false
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8" 1o\s I Which_of the following is true?

ve " e 4 ) -KBI=p,KB/I=S,KB/I=r
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IS it true that If
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Basic definitions from 322 (Proof Theory)

Definition (soundness)
A proof procedure is sound if KB + G implies KB k G.

Definition (completeness)
A proof procedure is complete if KB E G implies KB F G.
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L ecture Overview

Basics Recap: Interpretation / Model /
Propositional Logics

Satisfiability, Validity

Resolution in Propositional logics
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Relationships between different
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Propositional logic: Syntax
Atomic sentences = single proposition symbols
* Eg.,P,QR
* Special cases: True = always true, False = always false

Complex sentences:

If S Iis a sentence, —S Is a sentence (negation)

* If S; and S, are sentences, S; A S, IS a sentence (conjunction)
* If S; and S, are sentences, S, v S, Is a sentence (disjunction)
* If S; and S, are sentences, S; = S, Is a sentence (implication)

* IfS; and S, are sentences, S; & S, Is a sentence (biconditional)
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Propositional logic: Semantics

Each interpretation specifies true or false for each proposition symbol

E.Q. p q r
false  true false
Rules for evaluating truth with respect to an interpretation | :

—-S IS true iff S is false
S; AS, istrue iff S,istrueand S, istrue
S,vS, istrue iff S,is true or S, is true
S, =S, IS true iff S,isfalseor S,istrue

Le., Is false iff S,istrue and S, is false
S, S, IS true iff S,=S, Is true and S,=S; is true

Simple recursive process evaluates an arbitrary sentence, e.g.,

(—pr(@vr) e —p =0F ATV F33(—9> 7_,>T> /165’%)

———— (TAT)&T -
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Logical equivalence

Two sentences are logically equivalent iff true in same interpretations

a=difand only if o = 3 and 4 = o ‘\11&1 have the sawae
rmodelsg
(v A F) = (3 A a) commutativity of A
(V' 3) = (FVa) commutativity of v
((arnB)A~y) = (a3 A7) associativity of A
(V)W) = (v (3 y)) associativity of V
—(—x) = « double-negation elimination
0 = F) = (-7 = —-a) contraposition
(v = F) = (—a Vv 3) implication elimination
v = F) = ((a = #)A (7 = o)) biconditional eliminatior
(A F) = (—a Vv -G) De Morgan
=V 3) = (—a A=F) De Morgan
(a A (BVA)) = ((anB)V (any)) distributivity of A over
V(G AY)) = (e 8) A (Vo)) distributivity of v over A
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[3 Mooy commutativity of A

(3% ) commutativity of v

(v A (3 A 7y))  associativity of A

(cx vV (3 7)) associativity of V/

v double-negation elimination

(=3 = —a) contraposition

(—ae % [3)  implication elimination

(v = 3)A (7 = «)) biconditional elimination
(= W =) De Morgan

[—um- M=) De Morgan

(v A 3) W (e Avy))  distributivity of A over W
(v 3) A (o Voy)) distributivity of Vv over A

Can be used to rewrite formulas..

(p=>1(qA1)) /77?\/“70 Zule

TPV —‘Cﬂ/\r
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a M3 A ) associativity of A |
(aV @)y = (v (3Yy)) associativity of &/ C P=> C 6] Ny
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* (o = [F) = (=7 = —a) contraposition > R )o Vo Ccl AN
wm (o= ) = (-aV 3 implication elimination
|
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0 = 4) = ({a = #)A(F = o)) biconditional eliminatior

=N F) = (—a v =) De Morgan

(Vv F) = (—a A=) De Morgan
(A (B = ((aenG)W (o ny))  distributivity of A over
(aV (FAy)) = (lav @) A (V) distributivity of v over A

Can be used to rewrite formulas....
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Validity and satisfiability

A sentence is valid if it is true in all interpretations
eg., frue, Av-4 A= 4 [(ArnlA=FE) = B

Validity is connected to inference via the Deduction Theorem:
KB Eaifand only if (KE = «) is valid

Th wo L where KR s =) j /\\
e 'b’\«ﬂf\ed\ migéjpte,%

A sentence is satisfiable if it is true in some interpretation
eg., AV DG, '

A sentence is unsatishiable if it is true in no interpretations
eg., AAN-A

Satisfiability is connected to inference via the following:
KB =« ifand only if (KB /A —v) is unsatisfiable
.e., prove «v by reductio ad absurdum




Validity and satisfiability

A sentence is val d if it is true ||‘|/§t_l_l__|n]'.er.p_lw§__
eg., I'r Av—-4, A= A (AA(A = B)) = B

WV

Validity is connected to inference via the Deduction Theorem:

‘/f KB |=r4}nt and only iftf{ﬁ‘ —, r,:.?ls valid

I.e There is no
Interpretations where KB
- ’ Is true and a is false

T
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A sentence is satishiable if it is true in some interpretations

eg., AV B,

— )
'
———

A sentence is unsatisfiable if it is true in no interpretations

eg., ANn—-A

Satistiability is connected to inference via the following:
(KB c":ﬁf and only if (B » —a) is unsatishable
.e., prove v by reductio ad absurdum

/Lk

N

A O~

\

|
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Validity and Satisfiability
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Validity and Satisfiabilit

—  /
<0< \s Vv

W / i de|

21Uy M ode
oot Ths ( |ixlicker. S
@

shd ’HV @ umsatishiall e)

T W W N

Jdgle | T \S/Vw‘;
/<OK‘V\('VS\Q éiﬁssll:’ﬂéf foddij- ’Z‘T'ru\c, Loq 2 U W>

Twhe chicmes Bhove v
A AW =lse

B
C

Sovme Trwe Sevme rl-B\SC
ALl T ene

CPSC 322, Lecture 20

+

—
=

s



L ecture Overview

Basics Recap: Interpretation / Model /
Propositional Logics

Satisfiability, Validity

Resolution in Propositional logics
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Proof by resolution
1 X

Key ideas Y

KB |= a 5“

All T
equ:valent to: I<B A —a unsatifiable
(there © nol in whn cL\ Lmdl\avc‘l'rhe_,>

+ Simple Representation for-_, . cisvc Nocma!

« Simple Rule of Derivation Forw
Ré SDI\) ‘)/7‘0‘/\
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Conjunctive Normal Form (CNF)

Rewrite KB A —« Into conjunction of disjunctions

) literals
b ool
L (/A}v —.BJ) A QB \/C_IC)\/GI[)\/
Clause j C];use

* Any KB can be converted into CNF !
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Example: Conversion to CNF

A < (Bv Q)

1. Eliminate <, replacing a < 3 with (a = B)A(B = a).
(A= BvC)A(BvC)=A)

2. Eliminate =, replacing a = 3 with —av [3.
(FAvBVvC)A(=(BVvC)VvA)

3. Using de Morgan's rule replace —(av 3) with (—a A = B) :
(AvBVvC)A((=BA=C)VA)

4. Apply distributive law (v over A) and flatten:
(-AvVvBVC)A(=BVA)A(—CVA)
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Example: Conversion to CNF

A < (Bv Q)

5. KB is the conjunction of all of its sentences (all are true),
so write each clause (disjunct) as a sentence in KB:

(—|A v BvC)
(—-Bv A)
(—-C Vv A)
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Resolution Deduction step

Resolution: inference rule for CNF: sound and complete! *
(AvBvC)

(—A) “If Aor B or C is true, but not A, then B or C must be true.”
(BvC)

(AvBvC() “If Ais false then B or C must be true,

(-AvDVE) or if Ais true then D or E must be true,

hence since A is either true or false,

~(BvCvDVE) B or C or D or E must be true.”
(Av B)
(-A v B) / Simplification

(B V B) = B
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Learning Goals for today’s class

YOou can:

« Describe relationships between different logics

* Apply the definitions of Interpretation, model, logical
entailment, soundness and completeness

* Define and apply satisfiability and validity
« Convert any formula to CNF
« Justify and apply the resolution step
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Next Class Fri

Finish Resolution

Another proof method for Prop. Logic
Model checking - Searching through truth assignments. Walksat.

Start First Order Logics
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Midterm, Mon, March 8
Will be a Canvas Quiz
We will start at 4pm sharp
55 minutes

How to prepare...

« Go to Office Hours

Learning Goals (look at the end of the slides for each
lecture — complete list has been posted)

Revise all the clicker questions and practice exercises
Practice material has been posted
Check guestions and answers on Piazza

el T la il P - )y
Cooo \J-ﬁ-ﬁ, ~SClule ..’U



