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Truth TablesTruth Tables

P Q not(P) P and Q P or Q P → Q P ↔ Q
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InconsistenciesInconsistencies

P and not(P)
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ContingenciesContingencies

(P or Q) → P 
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TautologiesTautologies

P and (P → Q) → Q 
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Typical ProblemTypical Problem

not
or

not
notand

i1
i2 o1

i1
i2

o1

not(i1) or i2 

not(I1 and not(i2))

equivalent ? equivalent ?
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Proof RulesProof Rules

FF A A ∈
 

FF
FF A and B FF A FF B
FF A or B FF A
FF A or B FF B
FF C A or B ∈

 
FF [ A|[ A|FF ]] C [ B|[ B|FF ]] C

FF B A → B ∈
 

FF FF A
FF A → B [ A|[ A|FF ]] B

Proof Sub-proofs
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Proofs (and Proof Trees)Proofs (and Proof Trees)

[B → C]    (A or B) → (A or C)

[(A or B), B → C] (A or C)

(A or B) ∈
 

[(A or B), B → C]
[A, (A or B), B → C] (A or C)

[B, (A or B), B → C] (A or C)[A, (A or B), B → C] A

A ∈
 

[A, (A or B), B → C] [B, (A or B), B → C] C

B → C ∈
 

[B, (A or B), B → C] [B, (A or B), B → C] B

B ∈
 

[B, (A or B), B → C]
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Proof Rules for NegationProof Rules for Negation

FF A
FF not(A) [ A[ A||F F ]] false
FF B FF A
FF A FF not(not(A))

Proof Sub-proofs
FF false

not(A) ∈
 

FF

The purpose of these rules is to provide 
positive evidence that an expression is false.
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Negation as FailureNegation as Failure

Replace all
 

the previous negation rules with:

FF not(A)
Proof Sub-proofs

FF A

Where FF A
 

means a proof can’t be found for A from FF

This makes the closed world assumption 
that FF contains all the axioms pertinent to 
the problem and that the proof search is 
complete.
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Normal FormsNormal Forms

It is not strictly necessary to use all the 
logical operators.  For example:

A → B    is equivalent to     not(A) or B
A → B    is equivalent to     not(A and not(B))
A or B    is equivalent to     not(not(A) and not(B))
and so on….

We can use this to convert any expression into
An equivalent one with fewer operator types.
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Conversion to Clausal FormConversion to Clausal Form

(a and not(b) → c)  and  a  and  not(c)

(not(a and not(b)) or
 

c)  and  a  and  not(c)
not(P and Q)   equivalent to   not(P) or not(Q)

(not(a) or not(not(b)) or
 

c)  and  a  and  not(c)
not(not(P))   equivalent to   P

P → Q   equivalent to   not(P) or Q

(not(a) or b or
 

c)  and  a  and  not(c)
(P or …) and …

 
to   [ [P,…],…]

[ [not(a),b,c], [a], [not(c)] ]
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A Resolution ProofA Resolution Proof

To prove  b  from   [ [not(a),b,c], [a], [not(c)] ]
show that [ [not(b)], [not(a),b,c], [a], [not(c)] ]
is inconsistent

[not(b)] [not(a),b,c]

[a]

[not(c)]

[not(a), c]

[c]

[ ]
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Temporal Proof RulesTemporal Proof Rules

(SS,J)
 

├
 

A access(J, SS, FF)          F F ├
 

A

(SS,J)
 

├
 

A and B (SS,J)
 

├
 

A (SS,J)
 

├
 

B
(SS,J)

 
├

 
A or B (SS,J) ├

 
A

(SS,J)
 

├
 

A or B (SS,J)
 

├
 

B

Proof Sub-proofs

(SS,J)
 

├
 

not(A) (SS,J)
 

├
 

A
(SS,J)

 
├

 
next(A)

(SS,J)
 

├
 

prev(A)
(SS,J)

 
├

 
e_future(A) (SS,K) ├

 
A  for some K

 
> J

(SS,J)
 

├
 

e_past(A) (SS,K)
 

├
 

B  for some K
 

< J
(SS,J)

 
├

 
a_future(A) (SS,K)

 
├

 
A  for all K

 
> J

(SS,J)
 

├
 

a_past(A)

(SS,J+1)
 

├
 

A
(SS,J-1) ├

 
A

(SS,K)
 

├
 

A  for all K
 

< J



15

Informatics 1
School of Informatics, University of Edinburgh

Transducer Transducer FSMsFSMs

s1 s2
i1/o1

i2/o2

i3/o3
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Acceptor Acceptor FSMsFSMs

s1 s2
a

a

b
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TracesTraces

s1 s2
a

a

b

s1, a, s2, a, s2, b, s1, a, s2
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Transition FunctionTransition Function

s1 s2
a

a

b

a b

s1 s2 -

s2 s2 s1
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Deterministic v NondeterministicDeterministic v Nondeterministic

s1 s2
a

a

b

s1 s2
a

b

b

Deterministic

Nondeterministic

s3

ε
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Structured FSM DesignStructured FSM Design

M1 M2ε ε ε

M1

M2

M

ε

ε

ε

ε
ε

ε

ε

ε

sequence

choice repetition
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Regular ExpressionsRegular Expressions

E1
 

E2

E1
 

|E2

E*

Sequence

Choice

Repetition
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Half of Half of KleeneKleene’’ss TheoremTheorem

For every regular expression we can build a 
FSM  to accept the language defined by it.
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Limits of Limits of FSMsFSMs and Regular and Regular 
ExpressionsExpressions

Some languages can’t be defined by FSMs
 

or 
regular expressions -

 
languages that require 

us to count up to arbitrarily high numbers for 
example.
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Probabilistic Probabilistic FSMsFSMs

s1 s2
a (0.8)

a (1)

b (1)

s3

a (0.2) a (0.3)a (0.7)
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Practical Things to PracticePractical Things to Practice

Describing simple problems in logic (see 
problems tackled in each logic lecture)
Describing simple systems as FSMs (see 
system engineering half of 6th computation 
lecture)
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