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Logic 

  Highly recommended book: 

  Introducing Logic – Dan 
Cryan, Sharron Shatil and Bill 
Mayblin, ICON Book UK/
Totem Books USA 



What is logic? 

   Nothing is more natural 
to conversation than 
argument. We try to 
convenience the person 
we are arguing with that 
we are right, that our 
conclusion follows from 
something that they will 
accept. 

   Syllogism  



Leibniz’s Law 



Frege’s Propositional Calculus 

  Frege shows the logical 
connectives such as If-
Then can be transformed 
into other connectives. 

  P -> Q  
  Not P ∨Q 
  Not (P ∧Not Q) 



Another Example 



Truth Table 











Russell’s Paradox 
  According to naive set theory, any 

definable collection is a set. Let R be the 
set of all sets that are not members of 
themselves.  

  If R qualifies as a member of itself, it 
would contradict its own definition as a 
set containing all sets that are not 
members of themselves. On the other 
hand, if such a set is not a member of 
itself, it would qualify as a member of itself 
by the same definition. 

  Other Forms:  
  Barber’s story and Reference Catalogue 

Story.    



Russell Himself  
  Russell’s Paradox 
  Russell’s Teapot 
  Type theory 

British philosopher, logician, 
mathematician, historian, and social critic.
[2] At various points in his life he 
imagined himself a liberal, a socialist, and 
a pacifist, but he also admitted that he 
had never been any of these things in any 
profound sense. 

In 1950, Russell was awarded the Nobel Prize 
in Literature, "in recognition of his varied and 
significant writings in which he champions 
humanitarian ideals and freedom of thought." 



Problem of China (1922) 

China has an ancient civilization which is now undergoing a very rapid 
process of change. The traditional civilization of China had developed 
in almost complete independence of Europe, and had merits and demerits quite 
different from those of the West. 

I believe that, if the Chinese are left free to assimilate what they want of our 
civilization, and to reject what strikes them as bad, they will be able 
to achieve an organic growth from their own tradition, and to produce a 
very splendid result, combining our merits with theirs. 

There are, however, two opposite dangers to be avoided if this is to happen. 
The first danger is that they may become completely Westernized, retaining 
nothing of what has hitherto distinguished them, adding merely one more 
to the restless, intelligent, industrial, and militaristic nations 
which now afflict this unfortunate planet. The second danger is that 
they may be driven, in the course of resistance to foreign aggression, 
into an intense anti-foreign conservatism as regards everything except 
armaments. 



An Example 

Russell can decompose it into: 

To justify the collection of sentences. 



Ludwig Wittgenstein 

Ludwig Wittgenstein 

Limitation of language: The world 
we see is biased with our language. 
What we can see are  language-
mirrored images.    



Wittgenstein’s Example of Triangle 



Simon’s Cognitive  
Scissors 

    Another blade is structure 
of environment we hope 
to investigate. 

One blade is the limited 
cognitive ability of human 



Modern Logic 



Logic and Programming 
  Programming – Tell computer what to do. 
  Logic – Science of reasoning, provide a precise language 

for expressing ideas, assumptions, relationships and 
arguments. 

  Logic Programming – attempt to use techniques of logic 
in computer programming. 

  Describe a problem to the computer 
  Define assumptions and knowledge 
  Ask computer questions    





















Prolog 

mother_child(trude, sally). 

father_child(tom, sally). 
father_child(tom, erica). 
father_child(mike, tom). 

sibling(X, Y)      :- parent_child(Z, X), parent_child(Z, Y). 

parent_child(X, Y) :- father_child(X, Y). 
parent_child(X, Y) :- mother_child(X, Y). 
This results in the following query being evaluated as true: 
?- sibling(sally, erica). 
Yes 
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London Underground example 
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London Underground in Prolog (1) 

  connected(bond_street,oxford_circus,central). 
connected(oxford_circus,tottenham_court_road,central). 
connected(bond_street,green_park,jubilee). 
connected(green_park,charing_cross,jubilee). 
connected(green_park,piccadilly_circus,piccadilly). 
connected(piccadilly_circus,leicester_square,piccadilly). 
connected(green_park,oxford_circus,victoria). 
connected(oxford_circus,piccadilly_circus,bakerloo). 
connected(piccadilly_circus,charing_cross,bakerloo). 
connected(tottenham_court_road,leicester_square,northern). 
connected(leicester_square,charing_cross,northern). 
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London Underground in Prolog (2) 

Two stations are nearby if they are on the same line with at 
most one other station in between:  

  nearby(bond_street,oxford_circus). 
nearby(oxford_circus,tottenham_court_road). 
nearby(bond_street,tottenham_court_road). 
nearby(bond_street,green_park). 
nearby(green_park,charing_cross). 
nearby(bond_street,charing_cross). 
nearby(green_park,piccadilly_circus). 
… 

or better 
  nearby(X,Y):-connected(X,Y,L). 

nearby(X,Y):-connected(X,Z,L),connected(Z,Y,L). 
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Exercise 1.1 
Compare 

  nearby(X,Y):-connected(X,Y,L). 
nearby(X,Y):-connected(X,Z,L),connected(Z,Y,L). 

with 
  not_too_far(X,Y):-connected(X,Y,L). 

not_too_far(X,Y):-connected(X,Z,L1),connected(Z,Y,L2). 

This can be rewritten with don’t cares:  
  not_too_far(X,Y):-connected(X,Y,_). 

not_too_far(X,Y):-connected(X,Z,_),connected(Z,Y,_). 
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Recursion (1) 

A station is reachable from another if they are on the 
same line, or with one, two, … changes:  

  reachable(X,Y):-connected(X,Y,L). 
reachable(X,Y):-connected(X,Z,L1),connected(Z,Y,L2). 
reachable(X,Y):-connected(X,Z1,L1),connected(Z1,Z2,L2), 
                connected(Z2,Y,L3). 
… 

or better 
  reachable(X,Y):-connected(X,Y,L). 

reachable(X,Y):-connected(X,Z,L),reachable(Z,Y). 



Recursions - factorial 

factorial(0,1).  

factorial(N,F) :-   
   N>0,  
   N1 is N-1,  
   factorial(N1,F1),  
   F is N * F1. 

?-  factorial(3,W).   
W=6  



Tree Database 
  Given tree.pl:  
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Summary 

  Prolog has very simple syntax 
  constants, variables, and structured terms refer to objects 

  variables start with uppercase character 
  functors are never evaluated, but are used for naming 

  predicates express relations between objects 
  clauses express true statements 

  each clause independent of other clauses 

  Queries are answered by matching with head of clause 
  there may be more than one matching clause 

  query answering is search process 

  query may have 0, 1, or several answers 
  no pre-determined input/output pattern (usually) 


