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Entailment

Entailment means that one thing follows from another:
KB Fa

Knowledge base KB entails sentence a if and only if a is true
in all worlds where KB is true

— E.g., the KB containing “the Giants won” and “the Reds won” entails
“Either the Giants won or the Reds won”

— E.g., x+y =4 entails 4 =x+y

— Entailment is a relationship between sentences (i.e., syntax) that is
based on semantics

Models

Logicians typically think in terms of models, which are formally structured
worlds with respect to which truth can be evaluated

We say m is a model of a sentence a if a is true in m

M(a) is the set of all models of a

Then KB [ aiff M(KB) C M(a)

— E.g. KB = Giants won and Reds
won a = Giants won

Entailment in the wumpus world

Situation after detecting nothing in
[1,1], moving right, breeze in
[2,1]

Consider possible models for KB ? ?
assuming only pits 0
AL -A ?

3 Boolean choices = 8 possible
models

Wumpus models

gy "

Wumpus models

* KB =wumpus-world rules + observations




Wumpus models

KB = wumpus-world rules + observations
a, ="[1,2]is safe", KB [ a,, proved by model checking

Wumpus models

* KB = wumpus-world rules + observations

Wumpus models

* KB =wumpus-world rules + observations
* a,="[2,2] is safe", KB E a, /

Inference

* KB F‘ a = sentence a can be derived from KB by procedure i
* Soundness: i is sound if whenever KB }j a, it is also true that kKB F a

* Completeness: i is complete if whenever KB E o, itis also true that KB F‘
a

* Preview: we will define a logic (first-order logic) which is expressive
enough to say almost anything of interest, and for which there exists a
sound and complete inference procedure.

¢ Thatis, the procedure will answer any question whose answer follows
from what is known by the KB.

Propositional logic: Syntax
Propositional logic is the simplest logic — illustrates basic ideas

The proposition symbols Py, P, etc are sentences
— IfSis asentence, =S is a sentence (negation)
— IfS;and S, are sentences, S, A S, is a sentence (conjunction)
— IfS;and S, are sentences, S, v S, is a sentence (disjunction)
— IfS;and S, are sentences, S, = S, is a sentence (implication)

— IfS;and S, are sentences, S, < S, is a sentence (biconditional)

Propositional logic: Semantics

Each model specifies true/false for each proposition symbol
EePy, Py Py
false true false
With these symbols, 8 possible models, can be enumerated automatically.
Rules for evaluating truth with respect to a model m:
~S istrueiff Sisfalse
S,AS, istrueiff  Sistrueand  S,istrue
S,vSy istrueiff  Syistrue or 8, is true
Sy=38, istrueiff Sisfaleor  S,istrue
e, isfalseiff S istreand S,isfalse
&5, strueiff  S,=sS,istrueand S;=S, is true
Simple recursive process evaluates an arbitrary sentence, e.g.,

=Py, A (P, v Py,) = true A (true v false) = true A true = true




Truth tables for connectives

[ P Q -P [PAQ|PVQ|P = Q[P & Q|
false| false | true | false | false | true true
false| true | true | false | true | true false
true | false| false| false | true | false false
true | true | false| true | true true true




