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Wumpus world sentences

Let P;; be true if there is a pit in [i, j].
LetB;; be true if there is a breeze in [i, j].
R1: =P,

R4:-B,; no breeze in [1,1] based on percept
R5: B, breezein[2,1]based on percept

« "Pits cause breezes in adjacent squares"

R2: By, = (P, VP,
R3: B,y < (P VP,V Py,

¢ KB: R17R2"R3"r4"r5

Truth tables for inference

Biy | By | Py | Pio| Py | Pap | Py | Ry | Ry | Ry | Ry | Rs | KB

false | false | false | false | false | false | false | true | true | true | true | false | false
false | false | false | false | false | false | true | true | true | false | true | false | false

false | true | false | false | false | false | false | true | true | false | true | true | false

false | true | false | false | false | false | true | true | true | true | true | true | true
false | true | false | false | false | true | false | true | true | true | true | true | true
false | true | false | false | false | true | true | true | true | true | true | true | true

false | true | false | false | true | false | false | true | false | false | true | true | false

true | true | true | true | true | true | true | false | true | true | false | true | false

Enumerate rows (different assignments to symbols),
if KB is true in row, check that « is too

Inference by enumeration

* Depth-first enumeration of all models is sound and complete

function TT-ENTAILS?(KB, @) returns true or false

symbols < a list of the proposition symbols in KB and o
return TT-Curck-ALL(KB, a, symbols, ||)

function T'T-CrEck-ALL(KB, a, symbols, model) returns true or false
if EMPTY?(symbols) then
if PL-TruE?( KB, model) then return PL-TRuE?(a, model)
else return true
else do
P FIRST(symbols); rest « REST(symbols)
return TT-CHECK-ALL(KB, a, rest, EXTEND(P, true, model) and
TT-CHECK- ALL(KB, , rest, EXTEND(P, false, model)

* For n symbols, time complexity is 0(2"), space complexity is O(n)

Logical equivalence

* Two sentences are logically equivalent iff true in same
models: a =R iff a |=Band|3 Ea

(aAB) = (BAa) commutativity of A
(aV B) (BVa) commutativity of V
((aAB)A7) = (aA(BA7y)) associativity of A
((aVvB)Vy) = (aV(BVy)) associativity of V
—(-a) = a double-negation elimination
(@ = B) = (=B = —a) contraposition
(@ = pB) (-a V@) implication elimination
(o & pB) (( = B)A(B = «)) biconditional elimination
“(anB) (o vV —B)  de Morgan
=(aVp) = (~aA-B) de Morgan
(@A(BVY) = ((@AB)V(aA7y)) distributivity of A over V
) = (

(aV(BAy (aVB)A(aVy)) distributivity of V over A

Validity and satisfiability

A sentence is valid if it is true in all models,
e.g., True, Av-A, A=A, (AA(A=B))=B

Validity is connected to inference via the Deduction Theorem:
kB E aif and only if (KB = a) is valid

A sentence is satisfiable if it is true in some model
e.g., Av B, c

A sentence is unsatisfiable if it is true in no models
e.g., Ar-A

Satisfiability is connected to inference via the following:
kB Faifand only if (KB A—a) is unsatisfiable




Proof methods

*  Proof methods divide into (roughly) two kinds:

— Application of inference rules
* Legitimate (sound) generation of new sentences from old

+ Proof = a sequence of inference rule applications )
Can use inference rules as operators in a standard search algorithm

« Typically require transformation of sentences into a normal form

~ Model checking
+ truth table enumeration (always exponential in n)

« improved ing, e.g., Davis—Putnam-L Loveland (DPLL)

« heuristic search in model space (sound but incomplete)
e.g., min-conflicts-like hill-climbing algorithms

Resolution

Conjunctive Normal Form (CNF)
conjunction of disjunctions of literals

clauses
Eg. (Av-B)A(BV-Cv-D)

Resolution inference rule (for CNF):

(Vv Vv

LV eV VBV e VY my VoV mg Vo Ve Vo,

where /and m; are complementary literals.
Eg., PsVP, =Py,
Pyis P
* Resolution is sound and complete ﬁ
for propositional logic &“ s K]
&

Resolution

Soundness of resolution inference rule:

ARV eV Vv v =
~mp = (M Vo VgV g Ve Vo)

SV e VIV BV VB = (my VoV g Vo VeV om)

Conversion to CNF

Byy = (P, v Py,)

1.  Eliminate <, replacing a < B with (a = B)A(B = a).
(Byy = (Py, v Pyy)) A ((Pyy v Py =By )

2. Eliminate =>, replacing a => B with —av B.
(=Byy v Py, v Py ) A (=(Py, v Pyy) v By )

3. Move - inwards using de Morgan's rules and double-negation:
(=B VP, VP, ) A((=Py,v =P, ) VB, )

4. Apply distributivity law (1 over v) and flatten:

(2By,3 VPV Py) A (=Py; v By ) A (<P v Byy)




