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1. State the so-called knowledge principle and give a critical account of it; discuss at least
three critical points. (25 marks)

2. Let the Kripke model M = ((W, i), I) be given by

W ={1,2,3,4,5}
R=1{(1,3),(2,3),(3,4),(3,5)}
I'={(p,{1,4}), (g, {2,5})}

(a) Draw the labelled directed graph corresponding to M. (5 marks)

(b) Give formal derivations which determine at which worlds in the Kripke model M,
defined above, the formula ¢ V p is true. (6 marks)

(c) Give a formal derivation which determines whether the formula O<q is true at world 1
in the Kripke model M defined above. (14 marks)

3. Consider common knowledge, everybody's knowledge, and distributed knowledge in
S5I () with m > 1. Let p and ¢ be propositional variables.

(a) Give the relationship between the following formuals (if one is stronger than the other,
indicate why, if not, give a countermodel):
Kip, Cp, p, Ep, Ip. (15 marks)
(b) How would the results change if we took instead of p the formula K,¢? That is,

give the relationship between the following formulas (if one is stronger than the other,
indicate why, if not, give a countermodel):

K\ K,q.CKq, Kyq, EK,q, IKq. (10 marks)

4. Consider a distributed system for three processors; the worlds in the Kripke model are thus

all vectors s = (s, s, 53), where s; denotes the local state of processor i, and where for
every i € {1,2, 3} the accessibility relation R; is defined by R;(s,t) < s; = t;.
Suppose for the example that each processor is characterised by only one variable: £, v, k,
respectively. Hence, we can denote the worlds as triples of variables (¢, v, k). The variable
t denotes time, v “flag” and k colour. The variable ¢ is a natural number > 1, v € {0,1}
and k € {g, 0,r}. Examples of primitive propositions in this context include t = 7,v = 1,
k=r1>13etc.

(a) Draw a picture of this distributed system, clearly denoting the
accessibility relations. (10 marks)

(b) Give formulas i, v, and 4 such that 4 is not a tautology and
M,(1,0,9) F Ko A-EpAEah-CaACB

(15 marks)
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5. Let K be the knowledge base below

male = —female tim : person
parent = person N JhasChild. T tim : ~female
mother = parent M female sue : person
father = parent M male (tim, sue) : hasChild
(a) Give the expanded TBox of the knowledge base K. (4 marks)
(b) Compute the negation normal form of the concept —father with respect to the TBox
of the knowledge base /C. (8 marks)
(c) Give a tableau derivation which determines whether tim is an element of the concept
father. (13 marks)
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