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Grammatical Complexity

The dogchasedhe ca
The dog thaatethe ratchasedhe at.

The cherryblossomsn the spring ...sank
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Ambiguity

Leland Stanford Jnior Universty
Leland-Stanford uhior-Universty?

Leland-Stanford-nior Universty?

There’s a girl n the room wth a telescope.
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Ambiguity

Lettuee won’t turn brow if you put your head
In a plastc bag beore placing it in the
refrigerator.

The manager o& nudist colony complainthat
a hole vas cut in the wall surroundng the canp.
Police ardooking into it.

from Misteaksn Print
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PropositionalConstants

Examples:
raining
r32aining
rAININg
rainingorsnowing

Non-Examples:

324567
raining.or.snowing

4/4/02



Compound Sentences

Negations:
= raining
The argument o& negabn is called theéarget

Conjunctions:
(rainingsnowing

The arguments oh conjunabn are callecdonjuncts

Disjunctions
(rainingllsnowing

The arguments od disjunction are callecbnjuncs.
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Compound Sentences (concluded)

Im plications:

(raining L cloudy)
The left argument of an implication is theanteedent
The right argument aéin implication is theconsequent

Reductions:

(cloudyl raining)
The left argument of a reduction is thensequent
The right argument o reduction is thantecedent

Equivalences
(cloudy = raining)
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Parentheses Examples

Dropping Parentheses is good:
(pUQ) - pUQ

But it can lead tomabiguities:
(pUg) Ur) - pOqgOr
(pUO@Or) - pOgOr
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Precedence

Parentheses can Ompped Wwen the struate ofan
expression can be datened on the Iss of precelence.

—

[]
[]
BN

<~

NB: An operand associates with ogeraf higher precederc
If surrounded by operators of equal precedence, themobera
associates mh the operatorotthe right.

pLiqlr plLl gl r -p g
pLqglUr pU qlr
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Propositional.ogic Interpretation

A propositionallogic interpretationis an association bedan
the propositbnal constants in propositionallanguage and the

truth values T or F.

pM T o]
qll - F q
rm =T r

T
F
T

The notion ofinterpretéion can be exteled to all sentences by
application ofoperator semantics.
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Operator Semantics

Negation:

TI —||-8
TI

For examplejf the interpretion of p is F, then the
Interpretabn of -pis T.

For exampleif the interpretion of - pis T, then the
Interpretabn of ~—pis F.
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Operator Semantics (continued)

Conjunction: Disjunction:
¢ U |oUy ¢ U oLy
T T| T T T| T
T F F T F| T
F T F F T T
F F F F F F

NB: The semantics adisjunction here is dén @lledinclusiwe
or, which says that a disjunction is truearid only if at least
one ofits disjunctsis true. Ths is In contrast wh exdusive
or, according to which a disjunction is trueard only ifan
odd number ofts disjunctsis true. What is the truthltle for
exclusive or?
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Operator Semantics (continued)

Im plication:
¢ Y |loUy
T T T
T F F
F T T
F F T

Reduction:
® Y |loUy
T T T
T F T
F T F
F F T

NB: The semantics amplication here is callethaterial
Implication. It has the pediar chaacteristic thatray
implication is true ifthe aneécedent isdlse, wheter or not
there is a conn&on to the consequenkor example, the
following Is a true sentence.

If George VEshington is alig, | am a billionaie.
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Operator Semantics (concluded)

Equivalence:

mm o e
mH €

— n m 4!
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Propositional.ogic Interpretations

Logic does not prescribehweh interpretabdn is ‘correct. In
the absencef additional hformation, one interpretation is as
good as another.

Interpretation Interpretation
po= T p' = F
qd = F q = F
= T o= T
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Truth Tables

A truth tableis a table ofall possble interpretationsdr the
propositionalconstard in a nguage.
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o O o o rr P P KT

o o r r O O Fk kL

O kR, OFr O Fr O KL=

One column per constant.
One rowper interpretaan.

For a language i n constants,
there ar@" interpretations.
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Propositional.ogic Semantics

The semantics ogbropositionallogic conerns the relationship
between interprations ofsentences and interpagons of
compound sentences made up of those sentences.

Evaluation:
ph = T . (pOqy = T
qg = F (mqy =T
Disambiguation:
(pOay =T _ p =T
(ma) =T qg = F
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Interpretation:
ph=T
g = F
r' = T
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P Laqg) O(=qlr)

Evaluation

Interpretation:
p} = F
g = F
=T

(pUaq) U(=qlr)
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Properties of Sentences

Valid

Satisfiable

Unsatisfable
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A sentence isalid if and only if
everyinterpretabn satigies it.

A sentence isatisfiablaf and only if
there iIssomeinterpretation thagatisfies it.

A sentence isinsatisfiablef and only if
no interpretabn satigies it.
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Example of Validity

(p0 Q)

(qU r)

(pd @ U(qOr)

o O O O P Bk KFP|T

©c O r rkr O O +F kLo

O O FP O Fr O K=
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More Validities

Double Negation:
p = —I—Ip

deMorgan'd_aws:
- (ptg) = (=pl-0)
- (ptg) = (=plh0)

Im plication Introduction:
pl QU p)

Im plication Digribution
(PO (@b )t ((pl a0 (pUr))

4/4/02
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Disambiguation

By crossing out rows, it ipossibk to find interpretiaons
implicit in a set ofcompound sentences.

©c O O o r Fr KT
o O r r O O Pk kL
S r Ok O Fkr O I =

4/4/02
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Disambiguation

By crossing out rows, it ipossibk to find interpretiaons
iImplicit in a set ofsentences.

gur

X

X

o O O O P Bk KFP|T
o O r rr O O P kL
O r O O Fkr O kI =

4/4/02
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Disambiguation

By crossing out rows, it ipossibk to find interpretiaons
iImplicit in a set ofsentences.

gur

pLlqlr

o O O O P Bk KFP|T
o O r rr O O P kL
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O OFR O Fr O kI=
X
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Disambiguation

By crossing out rows, it ipossibk to find interpretiaons
iImplicit in a set ofsentences.

p q T
gt r 1 1 1 x
1 1 0 x
pLlqlr 1 0 1 x
oy 1 0 0 x
O 1 1 x
O 1 0 x
O 0 1 x
O 0O
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The Big Game

Stanford people alays tell the truth, and Berkeley people
always lie. Unfortunatéy, by looking at a person, you cannot
tell wheher he is fom Stanbrd or Berkeley.

You come to a fork in the road andawt to geto the football
stadium down one forkdowever, you do not know Rich to
take. There is a person standing there. \Alhgte question
can you ask him to help you decidbietn fork to t&e?
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left su

Basic Idea

Question

Respons

T T

T F
F T
F F
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The Big Game Solved

Question:The left road thavay to the stadium &nd only If
you from Stanford. Is that correct?

left = su
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