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1. (a) P (toothache) = 0.108 + 0.012 + 0.016 + 0.064 = 0.200(b) P (toothache|cavity) = P (toothache∧cavity)

P (cavity) = 0.120
0.200 = 0.6(
) P (cavity) = 0.108 + 0.012 + 0.072 + 0.008 = 0.200(d) P (cavity|toothache ∨ catch) = P (cavity∧(toothache∨catch))

P (toothache∨catch)

= 0.192
0.108+0.012+0.016+0.064+0.072+0.144 ≈ 0.4622. Let us the following propositions:

A = �A person is ill�
B = �The test is positive�Sin
e only one person in 10000 has the illness, the prior probability P (A) =

1/10000.The test a

ura
y is 99% so the following 
onditional probabilities hold:
P (B | A) = 0.99

P (¬B | ¬A) = 0.99

P (B | ¬A) = 0.01

P (¬B | A) = 0.01There are two ways how the test may be positive: either the person is illand the test gives the 
orre
t result, or the person is not ill but the testgives the wrong result. Sin
e the two 
ases are mutually ex
lusive:
P (B) = P (B | A)P (A) + P (B | ¬A)P (¬A)We then use Bayes theorem to 
ompute the probability that a person isill given that the test result is positive:

P (A | B) =
P (B | A)P (A)

P (B)

=
P (B | A)P (A)

P (B | A)P (A) + P (B | ¬A)P (¬A)

=
0.99 · 1

10000

0.99 · 1
10000 + 0.01 · (1 − 1

10000 )

= 0.0098So, the patient does not have to worry, yet, sin
e the probability of anin
orre
t diagnosis is mu
h higher than of the illness.3. Let us use the following lemmata (see slides for the derivations):(i) P (φ ∧ ψ) = P (φ) + P (ψ) − P (φ ∨ ψ).(ii) P (¬φ) = 1 − P (φ).(iii) P (φ) = P (ψ), if |= φ↔ ψ.



Using these, we obtain
P (A↔ ¬B)

= P ((A ∨B) ∧ ¬(A ∧B)) (iii)
= P (A ∨B) + P (¬(A ∧B)) − P ((A ∨B) ∨ ¬(A ∧B)) (i)
= P (A ∨B) + P (¬(A ∧B)) − 1 (A3)
= P (A) + P (B) − P (A ∧B) + P (¬(A ∧B)) − 1 (A4)
= P (A) + P (B) − P (A ∧B) + 1 − P (A ∧B) − 1 (ii)
= P (A) + P (B) − 2 × P (A ∧B).Note that A↔ ¬B expresses the ex
lusive or (xor) of A and B.4. The problem is formalised using the following propositions:

A = �Prisoner A is exe
uted�
B = �Prisoner B is exe
uted�
C = �Prisoner C is exe
uted�The propositions are mutually ex
lusive and ea
h has a prior probabilityof 1/3. We add the proposition:

D = �The guard tells B that he survives�After this the �rst proposition splits into two di�erent 
ases: one wherethe guard tells B and one where he tells C. Sin
e the guard does not lie,the other two propositions are not modi�ed. Now:
P ({A,D,¬B,¬C}) =

1

6

P ({A,¬D,¬B,¬C}) =
1

6

P ({¬A,¬D,B,¬C}) =
1

3

P ({¬A,D,¬B,C}) =
1

3The guard tells A that B survives, so he now 
an 
ompute his 
hangesusing the equation:
P (A | D) =

P (D | A)P (A)

P (D)

=
1
2 · 1

3
1
3 + 1

6

=
1

3


