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A farmer has to get a wolf, a goose, and a sack of corn across a river.

She has a boat, which can only carry her and one other thing.

If the wolf and the goose are left together, the wolf will eat the goose.

If the goose and the corn are left together, the goose will eat the corn.

How does she do it?
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Propositional Logic concerns 
properties of things
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red xor disc
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(red or disc) and
not (red and disc) 

=  
red xor disc
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not (red or disc) iff (not red and not disc)
Augustus de Morgan (1806 - 1871)
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There are 8 
regions in the 
diagram. How 

many subsets of 
this set of 8 

regions are there?

Given any subset of the eight regions can you 
write a complex proposition to which it 

corresponds  
(using and, or, and not as connectives)?

Exercise 1.1 28
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We have a dozen propositions.
Each proposition may be true or false. 
Each combination of truth values defines a state of the system.
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These 12 propositions allow 4096 = 212 states.

Some of these are impossible - each thing can only be in one place at a time.
There only 81 possible states. How do we arrive at this number?

How can we use logic to specify the possible states?
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Some of the 81 possible states are not legal. 
The farmer can only take one load in the boat.

How many of the possible states have at most the farmer and one load in the boat?

How can we use logic to specify the legal states?
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Some of the legal, possible states are not safe. 
The farmer cannot safely leave the wolf with the goose or the goose with the corn.

How many of the legal, possible states are safe?

How can we use logic to specify the safe states?
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Once you have identified the safe, legal, possible states,
you can draw a diagram showing the possible transitions from one state to another.
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A farmer has to get a wolf, a goose, and a sack of corn across a river.

She has a boat, which can only carry her and one other thing.

If the wolf and the goose are left together, the wolf will eat the goose.

If the goose and the corn are left together, the chicken will eat the corn.
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A farmer has to get a wolf, a goose, and a sack of corn across a river.

How can we use logic to specify the transitions?
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How can we use 
propositional logic to 

model the jealous 
husbands problem? 

How many legal safe 
states are there for this 

problem? 

Can we use propositional 
logic to model the 
missionaries and 

cannibals problem?
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Exercise 1.3
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A B C D

red iff A or B
amber iff B or D
green iff C
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logic & computation

41

42

A

D B

C

current

next

A   B   C   D
B   C   D   A

42



current

next

R

A

G

R0

A0

G0

43

A

D

B

C

current

next

A   B   C   D
B   C   D   A

43

current

next

R

A

G

R0

A0

G0

44

44



current

next

R

A

G

R0

A0

G0

R0
= R xorA = R�A

A0
= notA = ¬A

G0
= R andA = R ^A

A ¬A
0 1
1 0

R A R ^A R�A
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0

45

45

OR

XOR

AND

NOT

46

46



R’ = R xor A
A’ =   not A
G’ = R and A

current

next
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R’ = R xor A
A’ =   not A
G’ = R and A

current

next
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R’ = R xor A
A’ = G or (R and not A)
G’ = R and A

current

next

Exercise 1.2
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Exercise 1.4
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