Prolog |

Syllogisms

» “Prolog” isdl about programming inlogic.
— Socratesisaman.
— All men are mortal.
— Therefore, Socratesis mortal.

Facts, rules, and queries

» Fact: Socratesisaman.
man(socrates).

* Rule: All men are mortd.
mortal(X) :- man(X).

* Query: Is Socrates morta ?
mortal(socrates).

Running Prolog |

¢ Create your "database" (program) in any
editor

» Saveit astext only, with a.pl extension

* Here'sthe complete "program™:

man(socrates).
mortal(X) :- man(X).




Running Prolog I On gl.umbc.edu

» Prolog iscompletely interactive. > sicstus
. Beginbvi ki the Prol int et SCSus3.7.1 ... Licensed to umbc.edu
egin by invoking the Prolog interpreter. | 2- consult(mortal pl.
— Sicstus {consulting /home/faculty4/finin/cmsc/331/fall00/prolog/mortal .pl...}
e Thenload your program. {/home/faculty4/finin/cmsc/331/fall00/prolog/mortal .pl consulted, O msec
624 bytes}
— consult(‘mortd.pl”) yes
» Then, ask your question at the prompt: | - mortal(socrates).
— mortal(socrates). yes
« Prolog responds: | 2- mortal ().
g respo . X = socrates ?
- Yes yes
| 2-
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Syntax I: Structures Syntax Il Base Clauses
» Example structures. » Example base clauses:
- sunshine —debug_on.
— man(socrates) — loves(john, mary).
— path(garden, south, sundial) — loves(mary, bill).
e <structure> ::=
<name> | <name> ( <arguments>) e <pbase clause> ::= <structure> .
e <arguments> ::=
<argument> | <argument> , <arguments>
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Syntax I11: Nonbase Clauses Syntax IV: Predicates

» Example nonbase clauses: * A predicateisacollection of clauses with the

— mortal(X) :- man(X). samefunc:[or and arity.

— mortal(X) :- woman(X) :OveSUOhn, rg?“’y)-

. oves(mary, Dill).

— happy(X) :- healthy(X), wealthy(X), wise(X). Iovesgchugk X))'- Female(X), rich(X)

= <nonbase clause> ::= i 7 | ' '
<structure> :- <structures> - <predicate> ::=
) ' <clause> | <predicate> <clause>

e <structures> ::=

e <clause> ::=

<structure> I <structures> y <structure> <base clause> I <nonbase clause>
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Syntax V: Programs Syntax VI: Assorted details

» A programisacollection of predicates. * Variables begin with acapital |etter:

* Predicates can bein any order. At X, Sdocrattszél_re;t: It ital lett

. . . . . « Atomsdo no inwith acapi er:

Fhredl cat&? are used inthe order inwhich X. SOCrates
€y oceur.  Other atoms must be enclosed in single

quotes:
— Socrates’
— C:/My Documents/examples.pl”




Syntax VII: Assorted details

* Inaquoted atom, a single quote must be
guoted or backslashed: *Can*"t, or won\"t?*

e /* Comments arelikethis*/

* Prolog allows someinfix operators, such as :-
(turnstile) and , (comma). These are syntactic
sugar for thefunctors *:-" and *,".

» Example:

*:-"(mortal(X), man(X)).
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Backtracking

« loves(chuck, X) :- female(X), rich(X).
« female(jane).

« female(mary).

e rich(mary).

L Suppose we ask: loves(chuck, X).
« female(X) = female(jane), X = jane.

* rich(jane) fails.

* female(X) = female(mary), X = mary.
rich(mary) succeeds.
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Additiona answers

« female(jane).
female(mary).
female(susan).

e ?- female(X).

e X = jane;
e X = mary
* Yes
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Readings

loves(chuck, X) :- female(X), rich(X).
Declarative reading: Chuck loves X if X is
femaleandrich.

Approximate procedural reading: To find an
X that Chuck loves, first find afemale X,
then check that X isrich.

Declarative readings are d most aways
preferred.
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Nonmonotonic logic

Prolog' s facts and rules can be changed at any
time.

assert(man(plato)).

assert((loves(chuck,X) :- female(X), rich(X))).
retract(man(plato)).

retract((loves(chuck,X) :- female(X), rich(X))).
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Common problems

» Capitaizationisextremely important!
* No space between afunctor and its
argument list:
man(socrates), not man (socrates).
» Don't forget the period! (But you can put it
onthenext line.)
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A Smple Prolog Mode

* Imagine prolog as a system which has a database
composed of two components:

— FACTS - statements about true relations which hold
between particular objectsin the world. For example:

parent(adam,abl€e): adam is a parent of able
parent(eve,able): eveis aparent of able
male(adam): adam ismale.

— RULES - statements about true relations which hold
between objectsin the world which contain
generalizations, expressed through the use of variables.
For example, therule

father(X,Y) :- parent(X,Y), male(X).
might express:
forany X andany Y, X isthe father of Y if X isaparent of Y

and X ismale. 19

Nomenclature and Syntax

A prologruleiscaled aclause.

* A clause has a head, a neck and a body:
father(X,Y) -  parent(X,Y), male(X) .

head neck body

* theheadis arule'sconclusion.

The body isarul€'s premise or condition.

* note:

—read - asIF

—read, asAND

—a. marksthe end of input 2




Extensiond vs. Intensional

Prol (0[0] Database The terms extensional and Prolog

intensional are borrowed from Database

the language philosophers use parent(adam,able) FE—
parent(adam,abl€) N for epistemology. oy " censiondl databese’
pal’el'lt(ajam,ca n) Fa-CtS Comp” S ng the « Extension refersto whatever extends, i.e, “ is
mde(ajam) Hextens' Onal datm, quantifiable in space as well asintime’.

« Intension is an antonym of extension, ules comprising the
aoo referring to * that class of existence which " intensional database’
may be quantifiable in time but not in space.”

« NOT intentional witha“t” , which hasto do
with “ will, volition, desire, plan, ..."

Rules comprising the

« : ) For KBsand DBswe use Epistemology is“ abranch of philosophy
intensional database « extensional to refer to that whichis explicitly that investigates the origin, nature,
represented (e.g., afact), and methods, and limits of knowledge”

« intensional to refer to that whichis
represented abstractly, e.g., by arule of

inference.
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_ _ A Prolog Session
A S mpl e PrOI Og % On | ?- [user]. | - mother(eve,Who).
| female(eve). Who = cain
. | parent(adam,cain). yes
assert(parent(adam able)) | ?- parent(X,able). | parent(eve,cain). | ?- trace, mother(Who,cain).
' ’ X =adam; | father(X,Y) :- parent(X,Y), (2) 1 Call: mother(_0,cain) ?
yes X = eve: male(X). (3)2 Cal: parent(_0O,cain) ?
| ?- assert(parent(eve,able)). ' | mother(X,Y) :- parent(X,Y), (3)2 Exit: parent(adam,cain)
yes no female(X). (4)2 cal: femae(adam) ?
| 2- assert(mal e{adam)). | - parent(X,able) , male(X). | ng% 6%’6;‘79;';:0‘1 356 bytes (4) 2 Fail: female(adam)
yes X = adam ; - )2 Ba.:k to: parent(_O,.can) ?
| 2- parent(adam,able). no l;h mother(Who,cai). g’; ; (E:’;'It:' ff’me;“é(:’/‘;cf”)
yes eso -eve (5)2 Exit: femae(eve)
| ?- parent(adam,X). 4 (2) 1 Exit: mother(eve,cain)
X = able Who = eve
yes = yes %




wacesibling(X.). (14)3 Backo: perent(evetie) ?
(2)1.Cal:sbiing 0.1 ? (19)3 Fail: pereni(eveble)

(3)2 Call: fahes(_65643,_0) ?

I?— [user] (@)3 Call: parent(_65643_0)?

(@)3 Exit:perent(ecem,eble)

(19)2 Call: motrer(_656442416)

T . (5)3 Call: maiefadam) ?
| sibling(X,Y) :- 3 it m(asm)
(3) 2 Exit: father(adem.able)
| father(PaX), 2 Cal- faertam, 3>
(7)3 Cal: parent(adam, 1) ?
(7)3 Exit: parent(adam.able)
| father(PaY), 23 S
(8)3 Exit: male(adam)
| mother(Ma,X), ©2 Bt faba(aematic
(92 Cal ot 6564467
| mother(Ma)Y), (03 ot e ?
10)3 Ext. prnatm e
| not(X=Y). (105 e 2 (@2 Sor ot
N

(20)3 Cal: prrt(_s5644 1) 7
20)3 Ext pret(aematle

Zuser consulted 152 bytes 0.0500008
Sec.

yes
| ?- sibling(X,Y).
X =able
Y =can;
X =cain (162 ko ot
Y = able; (95 5

relefeve) 2
(15)3 Fal: femee{eve)

(2) 1 Bt sbling(ablecain)
X=abl

Y=ain
‘y:suu 25

How to Satisfy a Goal

Hereisaninformd description of how Prolog satisfiesagoa
(like father(adam,X)). Supposethegod isG:
— if G=P,Q then first satisfy P, carry any variable bindings
forward to Q, and then satiety Q.
— if G=P,Qthen satisfy P. If that fails, thentry to satisfy
Q.
— if G = not(P) then try to satisfy P. If this succeeds, then
fall andif it fails, then succeed.
— if Gisasimple god, then look for afact in the DB that
unifieswith G look for arule whose conclusion unifies
with G and try to satisfy its body
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Note

« two basic conditions are true, which aways succeeds, and fail,
which dwaysfails.

« A comma(,) represents conjunction (i.e. and).

A semi-colon represents digunction (i.e. or), asin:

grandParent(X,Y) :- grandFather(X,Y); grandMother(X,Y).

« thereisno red distinction between RULES and FACTS. A
FACT isjust arule whose body isthetrivia condition true.
That is parent(adam,cain) and parent(adam,cain) :- true. are
equivaent

» Goals can usualy be posed with any of several combination of
variables and constants:

— parent(cain,able) - is Cain Able's parent?
— parent(cain,X) - Who is achild of Cain?
— parent(X,cain) - Who is Cain a child of ?
— parent(X,Y) - What two people have a parent/child relationship? 27

Terms

¢ Thetermisthebasic data structurein Prolog.
¢ Thetermisto Prolog what the s-expressionisto Lisp.
e Atermiseither:
— aconstant - e.g.
« john, 13, 3.1415, +, 'aconstant'
— avariable - eg.
¢ X,Var, _, _foo
— acompound term - e.g.
« part(arm,body)
« part(arm(john),body(john))
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Compound Terms

» A compound term can be thought of asa
relation between one or more terms:
— part_of(finger,hand)
and iswritten as.
— the relation name (called the principle
functor) which must be a constant.
— An open parenthesis
— The arguments - one or more terms separated
by commas.

— A closing parenthesis.
* The number of arguments of a compound
termsis called its arity.

Term arity
f 0
f(a) 1
f(ab) 2
flo@b) 2

The End
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