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KB = wumpus-world rules + observations
- a, ="[1,2]is safe?", KB F a,, proved by model checking
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I model checking I
Biy |Biz | Fiy | Py |Pap | Pho | B3 | KB | o
false| false | false | false| false | false| false | false| true
false | false | false | false| false | false | true | false| true
false | true | false | false| false | false| false | false | true
false | true | false | false| false | false| true | true | true
false | true | false | false| false | true | false | true | true
false| true | false | false| false| true | true | true | true
false | true | false | false| true | false | false | false | true
true | true | true | true | true | true | true “ false | false
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KB = wumpus-world rules + observations
« o, ="[2,2] is safe?", KI§/|= s,
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Propositional logic: inference ¢ &Y (ghia & J¥aiu)
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Logical equivalence sikiall (Al
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Two sentences are logically equivalent iff they are true in same models: o = B iff a |= Band |= a

(@A f) = (FAa) commutativity of A

(aVfp) = (BVa) commutativity of V
((@AB)AYy) = (aA(BA7y)) associativity of A
((aVB)Vy) = (aV(BVy)) associativity of v
—(—=a) = o double-negation elimination
(@ = f) = (-8 = —a) contraposition
(@ = B) = (ma V) implication elimination
(@ & f) = ((a = B)A(f = «a)) biconditional elimination
“(aAB) = (maV~5) de Morgan
“(aV f) = (raA-f3) de Morgan
(@A (BVY) = ((@aAB)V(aAy)) distributivity of A over V
(aV(BAY) = ((aVB)A(aVy)) distributivity of V over A
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— .| battry ok Alamp _ok = light ok
battry ok A satrter _ok A —=tnk _empty = engine _ start
engine _start A—wheel _ flat = car _ ok

battry ok Alamp ok

>Light_OK
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1—battry ok Alamp ok = light _ ok

2 —Dbattry ok A satrter ok A —tnk _empty = engine — start
3—engine _start A—wheel _flat = car ok

4 —light ok

5—battry ok

6 —satrter _ ok

[ ——tnk _empty

8——car ok
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1—battry _ok Alamp _ok = light _ok
2 —battry _ok A satrter _ok A—tnk _empty = engine _ start

3—engine _start A—wheel flat =car_ok ______ ;_0_6__:}_ DEp =27 | __, —engine _start v wheel _ fla
4—light _ok A e A B)=—av—ple

5—battry _ ok ,

6 —satrter _ ok B —avﬂfa:,ﬁ

7—ﬁtnk_empty/,~‘" engine _start = wheel _ flat

8——car_ok.--~

9—battry ok A satrter ok <~ 5+6

10 —battry _ ok A satrter ok A—=tnk _empty <~ 9+7
11-engine _start < 2+10

12 —engine _start = wheel _ flat «~3+8
13—wheel _flat «<-11+12
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i is sound if whenever KB | a, it is also true that KB F a

AN atiee s sl (2o 58l 5 Slgaadl aladiuly) proof «ll slayl ¢ Uil 13 complete ab JYainy) of s
.inference procedure is complete if it can find a proof for any entailed sentence
i is complete if whenever KB F a, it is also true that KB | a
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Validity and satisfiability ¢l y! 5 a<ll

« A sentence is valid if it is true in all models, 43 se JS 8 bagaaa S 13) ST 4 i e J i
— eg., True, Av—-A, A=A, AAA=B))=B

- Validity is connected to inference via the Deduction Theorem:zUiiuy! &, ki 5 2Kl ¢ 48l
— KB Eaifand only if (KB = a) is valid

« A sentence is satisfiable if it is true in some model 433 g0 (azy (A& lasia YIS 1) a e 43) el e J 50
— .9, Av B, C(are b st Oe Jaad A0 6Y) el 0 (iany)

« A sentence is unsatisfiable if it is true in No models 4 se (30 Sl A lanaa (Sh &l 13 a je e yund (55
— e.g., Ar-A

- Satisfiability is connected to inference via the following:ztiiuy! 4, ki 5 slia )V (4 A8l

— KB Faifand only if (KB A—q) is unsatisfiable
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Conjunctive Normal Form (CNF) conjunction of disjunctions of literals clauses

(L, v..vE)an.. Al v..vI] )

(Av -=B)A (B v -Cv-D)
Disjunctive Normal Form (DNF) disjunction of conjunctions of literals clauses

(L, Aconl ) v vl AL AL
(AA—=B)v (B A-CAa-=D)

Horn clause
P, AP, APy AL AP, =Q
B1,1 < (P1,2v P21) Conversion to CNF s

. Eliminate <, replacing a < 8 with (a = B)A(B = a).
- B11=P1,2vP21)A((P1,2VvP2,1)=B1,1)

. Eliminate =, replacing a = B with —av .
(-B1,1 v P1,2v P21) A (—(P1,2vP2,1)vB1,1)

. Move — inwards using de Morgan's rules and double-negation:
(-B1,1 v P1,2v P2,1) A ((-P1,2 A =P2,1) v B1,1)

. Apply distributivity law (A over v) and flatten:
(-B1,1vP1,2vP21)A(—P1,2vB1,1) A (-P2,1v B1,1)

[ ]
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A wumpus-world agent using propositional logic:

—P1,1

—W1,1

Bx,y < (Px,y+1 v Px,y-1 v Px+1,y v Px-1,y)
Sx,y & (Wx,y+1 v Wx,y-1 v Wx+1,y v Wx-1,y)
W1,1vW12v...vW44

—W1,1 v =W1,2

-W1,1 v =W1,3

= 64 distinct proposition symbols, 155 sentences
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[Stench, None, None, None, None]

. 43 pal) Bacld
1_|S1’1 4_|B1,1 .M JMS ?
Oi_iK P 8R25 _|S1,2 :> _IW1’1 AN _IW1’2 VAN _IW2,2/\ _IW1,3 o

11. MP to 147 : =W, ; A =W, , A =W, A=

12.AND-ELIMI to 11: =W, ; =W, , =W,

13.MP to2+8 + AND-ELIM: =W, ; ,.-W,, -W,, —W,,
14.MP to3+10: Wo v Wy vW,, v W,

15. UNIT RESOLUTION RULE to14 : W, v W, ; v W,,
16.UNIT RESOLUTION RULE to 15: W5, v W, ,
17.UNIT RESOLUTION RULE to 16: W, ,
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