Prolog

L anguage constructs

— Facts, rules, queriesthrough examples
Horn clauses

— Goal-oriented semantics

— Procedural semantics

How computation is performed?

Comparison to logic programming
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L ogic Programming vs Prolog

» Logic programming languages are not procedural
or functional.

» Specify relations between objects
| arger (3, 2) father(tomjane)

o Separatelogic from control:
— Separatethe What (logic) from the How (control)
— Programmer declareswhat factsand relationsaretrue

father (X, jane):- mal e(X), parent (X, jane).

— System determines how to use facts to solve problems
— Staterelationships and query them asin logic
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L ogic Programming vs Prolog

« Computation engine: theorem-proving and
recursion

— Uses unification, resolution, backward chaining,
backtracking

» Problem description is higher-level than
Imper ative languages
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Prolog

» Asdatabase management
— Program is a database of facts

— Simple querieswith constants and variables
(“binding”), conjunctions and digunctions

— Rulesto derive additional facts

— Two inter pretations
» Declarative: related to logic

» Procedural: searching for answersto queries
— Search treesand rulefirings can betraced
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Facts

i kes(eve, pie). food( pi e).
likes(al, eve). food(appl e).
i kes(eve, tom. person(ton).
i kes(eve, eve).

*

|
predicates constants
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Queries (Asking Questions)

i kes(eve, pie). f ood( pi e).

i kes(al, eve). food( appl e).

i kes(eve, tom. person(ton).

i kes(eve, eve). variable
?-1ikes(al, eve). ?-1i kes(al, Wo).
yes query Who=eve
|?2-likes(al, pie) | ?-1ikes(eve, W.
no W=pie_ ; .
?- I'i\ke%rzst\aA(/eé, al). W:Eom : answer W'.th :
no W=eve () variable binding
?-11 kes(person, food). no A
no for ce search for

mor e answer s 6
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Harder Queries

i kes(eve, pie). f ood( pi e).
i kes(al, eve). f ood( appl e).
i kes(eve, tom. person(ton).

i kes(eve, eve).

?-1i1 kes(A B).
A=eve,B=pie ; A=al,B=eve ; ..
?-1i1 kes(D, D).

and

D=eve ; no v
?-1ikes(eve, W, /person(W.
W=tom f//
?-likes(al,V), likes(eve,V).
V=eve ; no
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Harder Queries

i kes(eve, pie). f ood( pi e).
i kes(al, eve). food( appl e).
i kes(eve, tom. person(ton).

i kes(eve, eve).
~_ samebinding

r ol ¥
?-1i kes(eve, W, likes(WV).
W=eve,V=pie ; W=eve,V=tom ; W=eve,V=eve
?-1i kes(eve, W, person(W, food(V).
W=tom,V=pie ; W=tom,V=apple_ or
?-Iikes(eve,V),(person(V);fGBd(V)).
V=pie ; V=tom ; no
?-1ikes(eve, W,\+likes(al,W.
W=pie ; W=tom ; nd~
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Rules

i kes(eve, pie). f ood( pi e).
i kes(al, eve). f ood( appl e).
i kes(eve, tom. person(ton).

i kes(eve, eve).

*What if you want to ask the same question often?
Add aruleto the database:

1
________________ 4

?-rul el.
yes
Rules
i kes(eve, pie). food(pie).
i kes(al, eve). food(appl e).
i kes(eve, tom. person(ton).

|ikes(eve, eve). _ ___ _ _ ____ _ __
[rulel: -Tikes(eve, V), person(V). |

?-rul e2(H).

H=tom ; no

?-rul e2(pie).

no

Noterul el and rul e2 arejust likeany other predicate!
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Queen Victoria Example

nmal e( al bert). afact -
femal e(alice). Factsareputinafile cf ClOCkS_'n
mal e( edwar d) . and Méllish

femal e(victoria).
par ent s(edward, vi ctori a, al bert).

parents(alice,victoria,albert).

?- [famly]. loadsfile

yes

?- mal e(al bert). aquery

yes

?- mal e(alice).

no

?- parents(edward, victoria,al bert).
yes

?- parents(bullwi nkle,victoria,albert).
no
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Queen Victoria Example, cont.

* Problem: factsalone do not make inter esting programs
possible. Need variables and deductiverules.

?-femal e( X). aquery or proposed fact
X = alice ; ; asksfor more answers
X = victoria ; ifusertypes<return>then nomore

answers given
no when no more answers left, return no

* Variable X hasbeen unified to all possible valuesthat make
femal e( X) true.
— Performed by pattern match search

» Variablescapitalized, predicates and constants ar e lower
case
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Queen Victoria Example, cont.

?-sister_of (X, Y):-
femal e(X), parents(X, M F), parents(Y,MF).
?- sister_of(alice,Y). arule__t
Y = edward
?- sister_of(alice, victoria).
no
» Prolog program consists of facts, rules, and queries
* A queryisaproposed fact, needing to be proven
— If query hasno variables and is provable, answer isyes

— If query hasvariables, proof process causes some variablesto be bound
to valueswhich arereported (called a substitution)

13
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Horn Clauses
« AHorn Clauseis: c= h," h,™ hy™ ... *h,
— Antecedents(h’s): conjunction of zero or more

conditions which are atomic formulaein
predicatelogic

— Consequent(c): an atomic formulain predicate
logic
* Meaning of a Horn clause:
— Theconsequent istrueif the antecedents are all true
— cistrueifhy, h,, hs,...,and h,areall true
sister_of (X, VY):-
femal e( X), parents(X, M F), parents(Y,MF).

“Xis the sister of VY, if Xis fenmale, X' s parents are

Mand F, and Y's parents are Mand F.”
Prolog, CS314 Fall 01© BGRyder/Borgida o




Horn Clauses
In Prolog, aHorn clausec—~ h, ™ ... *h
iswritten c:-h,, ..., h,
Horn Clauseisa Clause
Consequent isa Goal or aHead
Antecedents are Subgoals or Tail
Horn Clause with No Tail isa Fact

mal e( edwar d) . dependent on no other conditions

Horn Clausewith Tail isa Rule

father(al bert, edward) :-
mal e( edwar d) , parent s(edward, M al bert).

n
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Horn Clauses

» Variables may appear in the antecedents and

consequent of a Horn clause:

— (X X)) - (X e X Y g e Y ).
For all valuesof X, ,... X, , theformula
c(Xy,. .., Xy) istrueif there exist values
of Yy,...,Y, such that the formula
h(X{,. .. . X, Y1,...,Y,) istrue

— Call Y, an auxiliary variable. Itsvaluewill be
bound to make consequent true, but not reported
by Prolog, becauseit doesn’t appear in the
consequent.
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Declar ative Semantics

father (X jane) :- male(X), parents(jane,Y, X).
» Scopeof X isthisrule
» Yisan auxiliary variable, X isavariable
* j ane isaconstant

» Goal-oriented (declarative) semantics:

— father (X, jane) istruefor those values of X
which make subgoals mal e( X) and
parent s(j ane, Y, X) true.

— Recursively apply thisreasoning until reach rules
that arefacts; called backwards chaining

17
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Example

?-sister_of (X, Y):
femal e(X), parents(X, M F), parents(Y,MF).

?-sister_of(alice,Y). rqymia(aibert). T

Y = edward 1 (2)femal e(alice).
_gi ' (3) mal e( edwar d) .
?- S| st.er_of(X,Y). i (4)femal e(victoria).
X = alice 1 (5) parents(edward, victoria, al bert).
Y = edward ; .(6)parent(alice victoria albert).
X = alice
Y = alice ; Example shows
no -subgoal order of evaluation
What'swrong here? -argument invertability

-backtracking
-computation in rule order

18
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Rule Ordering and Unification

* Ruleordering (from first to last) used in
search

 Unification requiresall instances of the same
variablein aruleto get the samevalue

» Unification does not require differently
named variablesto get different values:
sister_of(alice, alice)

o All rulessearched if requested by successive
typing of ;

19
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Example

sis(X Y):-femal e(X), parents(X, M F),
parents(Y, M F),\ +( X==Y).

?-sis(X,Y). lastsubgoal disallows X,Y to have same value

X=al i ce

Y=edwar d

no

= means unifies with
== means samein value

20
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Negation as Failure

» \+(P) succeeds when P fails
— Called negation by failure, defined:
not(X):-X!,fail.
not(_).

 Which means

— if X succeedsin first rule, then theruleisforced to fail by
thelast subgoal (f ai | ) . we cannot backtrack over the
cut (1) in thefirst rule, and the cut preventsusfrom
accessing the second rule.

— if X fails, then the second rule succeeds, because“ " (or
don’t_care) unifieswith anything.

21
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Procedural Semantics

?-sister_of (X Y):
femal e(X), parents(X, M F), parents(Y,MF).

Semantics:
o First find an Xtomake f emal e( X) true

» Second find an Mand F to make par ent s( X, M F) truefor
that X.

e Thirdfind aYtomakeparents(Y, M F) truefor those
M F

* Thisalgorithm isrecursive; each find workson a new
“copy” of thefactstrules. eventually, each find must be
resolved by appealing to facts.

Processis called backward chaining.

22
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Trangtive Relations

parent s(j ane, sal |y, bob). parents(john,sally, bob).
parents(sally, mary, al). parents(bob, ann, m ke).
parents(mary, | ee,joe).

Y isancestor of X

ancestor (X, Y):- parents(X Y, ).

ancestor (X, Y):- parents(X _,Y). Family tree
ancestor (X Y):- parents(X Z, ),ancestor(ZY).

ancestor (X, Y):- parents(X, _, Z),ancestor(Z,Y). lee joe,
?-ancestor (j ane, X). ‘ /ann mike
X=sally ; X=ann ; mary al

X= bob ; X=mi ke ; \ |

X= mary no lly bob
al s N

X= lee ; jane john

X= joe ;
23
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L ogic Programming vs Prolog

» Logic Programming: Nondeterministic
— Arbitrarily choose rule to expand first
— Arbitrarily choose subgoal to explorefirst

— Resultsdon't depend on rule and subgoal
ordering

* Prolog: Deterministic
— Expand first rulefirst
— Explorefirst(leftmost) subgoal first

— Results may depend on rule and subgoal
ordering

24
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Minimal Prolog Syntax

<rule>::= (<head> :- <body>.) | <fact> .

<head> ::= <predicate>

<fact> ::= <predicate>

<body> ::=<predicate> { , <predicate> }

<predicate> ;.= <functor> (<term> { ,<term>} )

<term> ::= <integer> | <atom> | <variable> |
<predicate>

<query>::= ?- <predicate>

25
Prolog, CS314 Fall 01© BGRyder/Borgida

13



