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The Logic Language

The Logic language was invented for Structure and Interpretation of Computer Programs

• Based on Prolog (1972)

• Expressions are facts or queries, which contain relations

• Expressions and relations are Scheme lists

• For example, (likes john dogs) is a relation
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Simple Facts

A simple fact expression in the Logic language declares a relation to be true

Let's say I want to track the heredity of a pack of dogs

Language Syntax:

• A relation is a Scheme list

• A fact expression is a Scheme list of relations

logic> (fact (parent delano herbert))

logic> (fact (parent abraham barack))
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Relations are Not Procedure Calls

In Logic, a relation is not a call expression.

• Scheme: the expression (abs -3) calls abs on -3.  It returns 3.

• Logic:  (abs -3 3) asserts that abs of -3 is 3.

To assert that 1 + 2 = 3, we use a relation: (add 1 2 3)

We can ask the Logic interpreter to complete relations based on known facts.
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A query contains one or more relations that may contain variables.

Variables are symbols starting with ?
logic> (fact (parent delano herbert))
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Compound Queries

An assignment must satisfy all relations in a query.

(query <relation0> <relation1> ... <relationN>)

is satisfied if all the <relationK> are true.

logic> (fact (child ?c ?p) (parent ?p ?c))

logic> (query (parent ?grampa ?kid) 
              (child clinton ?kid))
Success!
grampa: fillmore    kid: abraham

logic> (query (child ?y ?x) 
              (child ?x eisenhower))
Success!
y: abraham    x: fillmore
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The Logic interpreter performs a search in the space of relations for each query 
to find satisfying assignments.
logic> (query (ancestor ?a herbert))
Success!
a: delano
a: fillmore
a: eisenhower
logic> (fact (parent delano herbert))
logic> (fact (parent fillmore delano))
logic> (fact (ancestor ?a ?y) (parent ?a ?y))
logic> (fact (ancestor ?a ?y) (parent ?a ?z) (ancestor ?z ?y))

(parent delano herbert)     ; (1), a simple fact

(ancestor delano herbert)   ; (2), from (1) and the 1st ancestor fact

(parent fillmore delano)    ; (3), a simple fact

(ancestor fillmore herbert) ; (4), from (2), (3), & the 2nd ancestor fact
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type: long
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Combining Multiple Data Sources

Which dogs have an ancestor of the same fur?

logic> (query (dog (name ?x) (fur ?fur))
              (ancestor ?y ?x)
              (dog (name ?y) (fur ?fur)))
Success!
x: barack    fur: short   y: eisenhower
x: clinton   fur: long    y: abraham
x: grover    fur: short   y: eisenhower
x: herbert   fur: curly   y: fillmore
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Which Hypotheses Complete append-3?

I can append (a b) and (1 2) and (x y) to form (a b 1 2 x y). 

(fact (append-3 ?x ?y ?z ?xyz)  
       
  1:  (append-to-form ?x ?y ?xy) 
      (append-to-form ?y ?z ?yz) ) 

  2:  (= (append-to-form ?x ?y) ?xy) 
      (= (append-to-form ?y ?z) ?yz) ) 

  3:  (append-to-form ?x ?y ?xy) 
      (append-to-form ?xy ?z ?xyz) ) 

  4:  (= (append-to-form ?x ?y) ?xy) 
      (= (append-to-form ?xy ?z) ?xyz) ) 

  5:  None of the above
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Recursive fact:  (fact (append-to-form (?a . ?r) ?y (?a . ?z)) 
                       (append-to-form       ?r  ?y       ?z))

1: (fact (append-to-form () ?x ?x)) 

2: (fact (append-to-form ?a ?x (?a . ?x))) 

3: (fact (append-to-form ?a (?b . ?x) (?a ?b . ?x))) 

4: (fact (append-to-form (?a) ?x (?a . ?x))) 

5: (fact (append-to-form (?a) (?b . ?x) (?a ?b . ?x)))
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