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4. The logic programming paradigm

  Motivation behind this paradigm is very similar to 
functional programming:
 Making proving correctness of programs easy
 Put a lot of intelligence into language, interpreter 

and run-time system to allow for higher-level 
programming  declarative programming

  Based on the idea of�
programming = theorem proving

  The particular theorem proving method favored is 
resolution (although with analytical flavor)
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The logic programming paradigm 
(cont.)

  A program consists of a lot of definitions for 
predicates and the task to prove a particular theorem

  Examples: PROLOG, Eclipse, Oz
  The paradigm is, similar to functional programming, 

mostly a niche paradigm, due to several general 
problems with the general idea

  But, for fast prototyping, it is rather well suited 
(perhaps even better than functional languages, since 
its inference machine is often superior to the 
reduction "machine" of functional programming) 
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Resolution (for beginners?)

  Resolution is a theorem proving method developed 
by Robinson based on representing logical formulas 
as clauses

  Clauses are build out of a set V of variables, F of 
function symbols and P of predicate symbols.

  The set Term of terms is defined by
 V ⊆ Term
  If f ∈ F with arity n and t1,…,tn ∈ Term, then �

f(t1,…,tn) ∈ Term
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Resolution (cont.)

  The set Atom of atoms is defined by:�
If p ∈ P with arity n and t1,…,tn ∈ Term, then �
p(t1,…,tn) ∈ Atom 

  The set Lit of literals is defined by
 Atom ⊆ Lit
  If p(t1,…,tn) ∈ Atom then ¬p(t1,…,tn) ∈ Lit

  If L1,…,Lm ∈ Lit, then L1 ∨ … ∨ Lm  is a clause
  Every set of formulae of first-order predicate calculus 

can be transformed into a set of clauses that is 
satisfiable exactly if the original set is satisfiable!
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Resolution (still cont.)

  The resolution rule is as follows:�
if we have two clauses of the form A∨C1 and ¬A'∨C2 
(C1,C2 clauses, A,A' atoms) and a substitution σ so 
that σ(A) = σ(A'), then we can generate the new 
clause σ(C1∨C2)

  This is essentially an extension of the modus ponens 
rule

  Usually, σ is the most general unifier of the two 
atoms and a function that assigns to each variable in 
the clauses a term. In σ(A) we copy A, but replace 
every variable by the term assigned by σ 
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Unification

  In order to unify two terms s = f(s1,…,sn) and �
t = g(t1,…,tm), f has to be equal to g.

  Then we unify sequentially s1 and t1, …, sn and tn

  If either si or ti is a variable, then
 We assign to this variable the other term, if the 

variable has not been substituted so far (and the 
variable does not occur in the other term)

  If it is already substituted, then we unify the other 
term with the term substituted for the variable
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Examples (I)

  Unification:�
s = f(x1,g(f(x1,a)))     t = f(g(b),y1)�
 σ = {x1/g(b), y1/g(f(g(b),a))}�
s = f(x1,g(f(x1,y1)))  t = f(g(b),y1)�
 not unifiable (occur test fails)�
s = f(x1,g(f(x1,a)))     t = f(x1,g(f(x1,b)))�
 not unifiable (a is not equal to b)�
s = f(x,b)   t = f(g(b),y)�
 σ = {x/g(b), y/b}�
s = f(z,f(x,b))  t = f(y,f(a,y))�
 σ = {x/a, y/b, z/b}     
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Examples (II)

  Resolution:�
p ∨ q, ¬p ∨ s   q ∨ s  (no unification needed)�
P(x,a) ∨ R(x), ¬P(b,x) ∨ S(x)  R(b) ∨ S(a)�
Note: variables in different clauses are assumed to be 
different!�
P(f(x),b) ∨ P(g(x),c), ¬P(y,z) ∨ R(y,z)  �

P(g(x),c) ∨ R(f(x),b) and P(f(x),b) ∨ R(g(x),c)�
P(x), ¬P(x,y)  resolution not applicable, P/1 and �
P/2 are considered different predicate symbols�
P(x,a), ¬P(x,y)   
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Some facts on resolution

  The resolution rule (together with factorization) 
allows to generate the empty clause  out of a set of 
clauses that is unsatisfiable

  Usually, in a given set of clauses there are many 
applications of the resolution rule possible 
(sometimes there are even several applications for 
just two clauses, see example)

  The control of the rule applications is very important 
for the efficiency of the process of generating  
(from very quick to impossible)
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From resolution to SLD-resolution

  Full resolution is not something you can build a 
programming language on

  We need
 Restrictions on the clauses 

 Horn-clauses
 A fixed control
 Higher-order predicates, build-in predicates
  IO

 Use SLD-resolution (Selected, Linear, Definite)
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SLD-resolution

  Works on Horn-clauses: clauses that contain only one 
literal that is an atom (= positive literal)

  Only one clause with only negative literals is 
allowed: the goal

  Transforms Horn-clauses into rules:�
A1 ∨ ¬A2 ∨…∨ ¬An   A1 :- A2,…,An

  Provides a clear control strategy of applications of 
resolution rule based on sequence of rules in memory 
(data base), sequence of atoms in rule and goal that 
we want to prove (including backtracking)
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Control

  Refute goal using data base of clauses and 
backtracking

?- G1,G2,…,Gm Data base:
    ...
A1:-B11,…,B1n1.
    ...
Ak:-Bk1,…,Bknk.
    ...

?- σ1(B11),…,σ1(B1n1),σ1(G2),…,σ1(Gm)

?- G1,G2,…,Gm

?- σ2(B21),…,σ2(B2n2),σ2(G2),…,σ2(Gm)

σ1(G1) = σ1(A1)

...
σ1(Bij)not solvable
 backtrack

σ2(G1) = σ2(A2) σI mgus
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Solutions

  Solution: if goal stack gets empty�
  collect substitutions that fulfilled �
  original goals�
  use as answer

  Next solution: initiate backtrack
  No solution: �

if no clause in data base solves a particular subgoal Gi 
for all solutions to G1,…,Gi-1
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Example

  grandmother(X,Y) :- mother(X,Z), mother(Z,Y).�
grandmother(X,Y) :- mother(X,Z), father(Z,Y).�
mother(anna,peter). �
mother(anna,clara). �
father(joe,peter). �
father(jim,clara). �
mother(mary,anna). �
mother(mary,joe).

  Answer: ?- grandmother(mary,X). �
 ?- grandmother(X,peter).


