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asic acts and elations

Part V: Logic Programming and Prolog

Logic programming languages are not
procedural or functional.

e Specify relations between objects
— larger(3,2)
— father(tom, jane)

e Separate logic from control:
— Programmer declares what facts and

relations are true.
— System determines how to use facts

to solve problems.
— System instantiates variables in order

to make relations truel

e Computation engine: theorem-proving
and recursion (Unification, Resolution,

Backward Chaining, Backtracking)
— Higher-level than imperative languages
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Varia les and ni cation

is uni ed to all possible values that make
the uery female( ) true.

P is unified to all possible values that make
the uery parent(P,edward) true.

search with pattern matching



In Prolog:

e All variables are capitalized.

e All constants are in lower case.

e All predicates are in lower case.

orn Clauses
ules

A Horn Clause is:

e Antecedents: conjunction of zero or
more conditions which are atomic
formulae in predicate logic

e Conse uent: an atomic formula in
predicate logic

eaning of a Horn clause:

° he conse uent is true if the
antecedents are all true

e s true if , , , ..., and are all

true

Prolog ueries

A uery is a proposed fact that is to be

proven.

e If the wuery has no variables, returns

yes no.

e If the uery has variables, returns

appropriate values of variables (called a

substitution).

orn Clause erminolog

Horn Clause Clause

Conse uent Goal Head

e Antecedents Subgoals Body

Horn Clause with No Body act

Horn Clause with Body Rule

In Prolog, a Horn clause

is written

Synta elements: - ,



Prolog orn Clause amples orn Clauses with Varia les

A Horn clause with no body: ariables may appear in the antecedents
and conse uent of a Horn clause:

male(albert).

ec( ,..., ):=h( ,. .., ).
I.e., a fact: albert is a male dependent on
no other conditions or all values of .., , the formula
c( ,..., ) is true if the formula
A Horn clause with a body: h(C ... )istrue
father(albert,edward):- ec( ,..., )=h(C ..., , ..., ).
male(albert), parent(albert,edward).
or all values of v .., , the formula
c( ,..., ) is true if there e ist values
I.e., a rule: albert is the father of edward if
of e e ey such that the formula
albert is male and albert is a parent of .
h( ,..., , ..., )istrue
edward s.
1
E amples:

ample Prolog Clauses

sibling( , ):- parent(P, ), parent(P, ).

- sibling(alice,A).

A edward
A alice

A edward
A alice
no

N E: Always use when debugging, and
always test all combinations of variables and

constants.
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ule rdering and ni cation
1. rule ordering used in search

2. unification re uires two instances of the
same variable in the same rule to get the

same value

. unification does not re uire di erently
named variables to get di erent values:

hence, sibling(edward,edward).

. all rules searched if re uested by

brother( , ):- ...
sister( , ):- ...

uncle( , ) ...

aunt( , ) ...

nephew( , ):- ... R ..
niece( , ) ... R ..

ote: disjunction (logical-or) is achieved

by defining multiple clauses.

- sibling(A,alice).

edward

A

A edward
A alice
A

alice

no

Note: arguments are interchangeable, but

ordering a ects order of search.

ransiti e elations



Procedural Semantics of Prolog

uncle( , ) :- male( ), sibling( , ),

parent( , ).

- uncle( ,jane). a uery

In order to find an  to make ( )
true:
1. Set  to jane.
2. ind an  to make () true.
ind @  such that ( ) is true.
. Check that ( ) is true.

Logic Programming s Prolog

cousin( , ) :- parent( , ), sister( , ),
parent( , ).

cousin( , ) :- parent( , ), brother( , ),
parent( , ).

- cousin( ,jane). a uery

Rule and Goal rdering:
e here are two rules for cousin
° hich rule do we try first
e Each rule for cousin has several subgoals

e hich subgoal do we try first

Procedural Semantics of Prolog

Notice the recursion in this algorithm:
find calls find .

recursively applied until we reach rules that

his reasoning is

are facts.

his process is called ac ward Chaining.

Logic Programming s Prolog

Logic Programming: on eter inisti
e Arbitrarily choose rule to e pand first

e Arbitrarily choose subgoal to to
e plore first

e Results don t depend on rule and
subgoal ordering

Prolog: eter inisti
e E pand first rule first
e E plore first subgoal first

e Results may depend on rule and
subgoal ordering



rule

head
fact
body
predicate
functor

term

uery

, abc,

the

inimal Prolog S nta

head :- body
fact

predicate
predicate

predicate , predicate
(  term , term )
integer atom
variable predicate

- predicate

nif ing Lists

john, likes, fish

, abc

, hare is, here

21
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Lists in Prolog

irst Elem Rest of List
List head tail
a,b,c a b,c
a a
, cat cat ,
a,b ,c,d a,b c,d
ppending Lists
E:

List Elems Separated by Commas

e ui alent
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here is a built-in append function!!

2



List em ership

member(A, A _).
member(A, C ) :- member(A,C).

N E: here is a built-in member

function!!

oiding rrele ant ni cation

Above has irrelevant unification of

wasted e ort.

non mous aria le:
don t care symbol _ which means the
argument e ists but doesn t signify

anything.

node( ):- arc( ,.).
node( ):- arc(., ).

Removes useless unification.

oiding rrele ant ni cation

A graph:

arc(a,b).
arc(a,c).
arc(b,c).
arc(b,d).

Rule for nodes of graph:

node( ):- arc( , ).
node( ):- arc( , ).

n reading these in:

uilt in Predicates

here are built-in predicates such as:
member, append, length.



ccessing ore han ne nitial
lement

Generate lists: Definition of a fr tt o...

append( , b, ).

member( , ).

2 -~ 2_3
_ 4 2 _ 4
_ 2 4

Lazy evaluation of potentially infinite data

structures

Computing the Length of a List ) )
Lists of a Speci ed Length

length( ,0).
gth( ) 1 t of elem( , , )

all elem( , ),
length( _ ,L) :-length( , ), Lis

[y

length( , )
all elem( , )
all elem( , )
all elem( , )

N E: here is a built-in length function!!
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Lists of a Speci ed Length

or ngl t elem( , , )
length( , ),
all elem( , )

or ngl t elem( , ,3)

3 3

no

or ngl t elem( , ,2)

3

no

rithmetic in Prolog

At the time Prolog begins processing a goal
of the form: , must be a
fully instantiated arithmetic e pression, i.e.,

it cannot have any unbound variables

Arithmetic programs are not always

invertible.

rithmetic in Prolog

actorial unction
factorial(0,1).
factorial( , ) :- is -1,
factorial( , ),

is
his calculates ! if is bound to an
integer. therwise it aborts in the first

clause.



actorial unction

. Problem with asking for multiple

solutions.

- factorial(5, ).
120
ERR R: ut of local stack

ecution of Prolog Programs

e ni cation: (variable bindings)
Specializes general rules to apply to a

specific problem.

e ac ward Chaining:

Reduces a goal to one or more subgoals.

e ac trac ing:
Systematically searches for all possible
solutions that can be obtained via

unification and backchaining.

dding up the um ers on a List

ml t( , )

ml t( , ) ml t( , ),

Prolog Search rees

Encapsulate unification, backward chaining,
and backtracking.

e Internal nodes are ordered list of
subgoals.

e Leaves are success nodes or failures,
where computation can proceed no
further.

e Edges are labeled with variable bindings
that occur by unification.

Describe all ossi le o tation paths.
e here can be many success nodes.

e here can be infinite branches.



Prolog ecution ample Search ree for ample

n le( , )

Prolog ecution ample 2

Prolog ecution race for ample



Prolog Search ree for ample 2

tr (n ,a t n)

egation as ailure

No e uivalent of logical not in Prolog:

e Prolog can only assert that something is

true.

e Prolog cannot assert that something is

false.

e Prolog can assert that the given facts
and rules do not allow something to be

proven true.

Prolog ecution race

egation as ailure

Assuming that something unprovable is

false is called negation as failure.

(Based on a closed world assumption.)

he goal (G) succeeds whenever the
goal G fails.
mem er( , a, , )

(mem er( , a, , ))
no

(mem er( , a, ))



ample: is oint Sets Proper use of egation as ailure

(G) works properly only in the following

o erla ( , 2) mem er( , ),mem er( , 2)
cases:
jont( , 2) (o erla ( , 2))
1. hen G is fully instantiated at the time
oerla (a, , , , ,e) prolog processes the goal (G).
e
oerla (a, , , ,e,f)
no
jont(Ca, , , , ,e)
2. hen all variables in G are uni ue to G,
no
i.e., they don t appear elsewhere in the
jO Ilt( a, , ’ se’f )
same clause.
e
jontCa, , ,)
no ot hat e ante
dding Su goals in Search rees nother ample Search ree

nee(,)



Pro lems with ultiple Solutions

a mother( ) female( ), arent( , )

a father( ) male( ), arent( , )

arent(fre , e)
arent(janet, e)
arent (fre ,t m)

arent(janet,t m)

male(fre )

female(janet)

a mother( )
janet
janet

no

Suppressing ultiple Solutions with Cut

a mother( ) female( ), arent( , ),

a father( ) male( ), arent( , ),

arent (fre , e)
arent(janet, e)
arent (fre ,t m)

arent (janet,t m)

male(fre )

female(janet)

a mother( )
janet

no

Suppressing ultiple Solutions with Cut

he cut symbol is prolog synta for:

e a goal that always succeeds.

e with the side e ect of suppressing
backtracking.

— Prolog will not attempt to find
additional solutions to any goals to
the left of the cut.

Cut prunes the search tree that prolog
generates.

egation ailure e isited

not( ) , , fal

not( )



Summar of Part V: Logic Programming

Summar
e Programming with relations
Cuts are: e Separate logic from control
e Horn clauses, facts, rules
very powerful. e Prolog
e Unification
can help make programs more e cient. e Backward chaining
e Prolog lists and list unification
di cult to use safely. e Prolog arithmetic

e Backtracking

make for di cult to understand e Prolog search trees

programs. e Cuts

e Negation by failure



