CSE 663, Fall 2003 http://www.cse.buffalo.edu/rapaport/663F03.html

Robert C. Moore, “Reasoning about Knowledge and Action” [IJCAI-77. 223-227.

Logical Axioms (Definitions):

Def [[T(w,a)]] = The object-language wff §{] is true in possible world {iv]].
L1 True@) =T (wo, )

L2 T(w,(a AndB)) = (T(w,a) AT (w,B))

L3 T(w,(a Orp)) = (T(wa)VvT(wp))

L4 T(w, (o= B)) = (T(wa)>T(wp))

LS T(w, (o< B)) = (T(wa)=T(wp))

L6 T(w,Not(a))=-T(w,a)

Definitions & Axioms for Knowledge:

Def [[K(a,w,w)]] = [[W]] is a world that is possible according to what ageaf] [knows in world [[w]].
K1 T(w,Know(a,a)) =W [K(aw,w) D T(W,a)]
K2 K(a,w,w)

(
K3 K(a,w,w) > [K(a,w,w’) > K(a,w,w’)]
K4 K(a,w,w) D [K(aww') > K(a,w,w)]

e . Kis an equivalence relation for fixex
.. this is an S5 modal (epistemic) logic.

Definitional Axioms for Quantifiers:

L7 T(w,Exist(v,a(v))) = 3X[T (w,a(x/v))], for x not free ina.

L8 T(w,All(v,a(v))) = VX[T (w,a(x/v))], for x not free ina.

L9 T(w Eq(ts,t2)) = (t1 =t2)

Definitional Axioms for Results of Actions:

Def [[Res( 0)]] =itis possible for event g]] to occur, & wff [ a]] would be true in the Rasting situation.

Def [[R(e,w,w)]] = [[w]] is a possible world that could result from everg|Jfoccurring in world [jw]].
Def [[Do(a,c)]] = the event consisting of ageni]] Doing command [§]].

R1 T(w,Regea)) = (3w [R(e,w,W)] AYW [R(e,w,w) D T(W,a)])

R2 T(w,RegDo(a,Loop(a,c)),B)) = T(w,RegDo(a,If (a, (c; Loop(a,c)),Nil)),B))

R3 T(w,RegDo(a, If(a,c,c)),B)) = ([T (w,Know(a,a)) AT (w,RegDo(a,c),B))]
V [T (w, Know(a, Not(a))) A T(w,RegDo(a,c'),))])

R4 T(w,RegDo(a,(c; ¢)),a)) = T(w,RegDo(a,c),RegDo(a,c),a)))
N1 R(Do(a,Nil),w,w) = (w=w)



Definition of “Can”
C1 T(w,Cana,a)) = 3c[T (w, Know(a,RegDo(a,c),a)))]

Note: The English words ‘can’ and ‘know’ aretymologicallyrelated in exactly this way! You “can”
do something iff you “ken"—i.e., know—how to do it. Frofmerican Heritage Dictionary of
the English Languageat dictionary.com: ‘can’ comes from “Middle English, first and third
person sing. present tenseaainnen , to know how

Frame Axioms (Definitions) for Dialing Combinations of Safes
D1 3w [R(Do(a,Dial(x1,X2)),w,W)] = [T (w,Combh(x1)) A T (w, Safgxz)) A T(w,At(a,x2))]

D2 R(Do(a,Dial(x1,%2)),w,w) O . [T (w,Is-comb-ofxs, x2)) D T (W ,Oper(x2))]
A[(=T (w, Is-comb-ofxy, x2)) A =T (w, Oper(xz)) D =T (W,Openxz)))]
A [T (w,Oper(xz)) > T(W,Oper(x))]

D3 R(Do(a,Dial(x1,%2)),w,w) O : [K(a,w,w') =.
[(T(w, Oper(xz)) =T (W', Oper(xz)))
AW [K(a,w,w") AR(Do(a, Dial(x1,%2)),w" ,w")]]]

Facts about Combinations

Al T(w,lIs-comb-ofx1,x2)) D [T(w,Comhk(x1)) AT (w, Safexy))]

A2 T(w,At(a,x)) D T(w,Know(a,At(a,x)))

The Problem

Given: True(At(John, satg) A True(Exists(X, Know(John, Is-comb-of(X safq))))

Prove: True(Can(John, Open(saj®
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