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Chapter 1.
Prolog Syntax and Semantics

- Last updated : April 15, 2013

Prolog in a Nutshell
Prolog Syntax
Relations versus Functions
Application: Solving Logic Puzzles
Operators



Prolog

. Prolog stands for "Programming in Logic".
It is the most common logic-based programming language.

Bits of history
1965

E John Alan Robinson develops the resolution calculus i the formal
foundation of automated theorem provers

1972

E Alain Colmerauer (Marseilles) develops the first Prolog interpreter
mid 70th

E David D.H. Warren (Edinburg) develops first Prolog compiler
Warren Abstract Machine (WAM) as compilation target A like Java byte code

1981-92
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Chaptet: Syntax, Informal Semantics, Application Example

Prolog in a Nutshell

A very quick tour of basic Syntax and Semantics
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| t &l about truth

Truth

NEXT EXIT N




Predicates ®© Map entities to truth values

Schema of a function declaration

Function symbol ' Domain - Codomain
(a name) (a crossproduct of sets) (a set)

A predicate is a
boolean function.

Sample predicate declaration

IsSFatherOf Person x Person

Predicate definition  via truth table _ _
Predicate definition  via facts

(kurt,peter) true _
( peter,paul) - true isFatherOf(kurt,peter ).
(peter,hans ) - true isFatherOf(peter,paul).

isFatherOf(peter,hans).

ROOTS
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Facts © Statements that are true

isFatherOf  ('Kurt ','Peter’) .




Rules @ Implications of what we know to
be true

isGrandfatherOf ('Kurt ‘','Paul)
isFatherOf(  'Kurt '/'Peter '),
isFatherOf(  'Peter ,'Paul ") .




Variables @ Placeholders for domain values

isGrandfatherOf(G,C) .-
iIsFatherOf(G,F) ,
iIsFatherOf(F,C)




Chaptet: Syntax, Informal Semantics, Application Example

Prolog Syntax

Predicates
Clauses, Rules, Facts
Terms, Variables, Constants, Structures
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Clauses @ Facts, Rules, Queries

Predicate symbol (just a name) Predicate definition (set of clauses)

isFatherOf(kurt,peter)
isFatherOf(peter,paul)
isFatherOf(peter,hans)

iIsGrandfatherOf(G,C)

isGrandfatherOf(G,C)

isFatherOf(G,F), isFatherOf(F,C)

isFatherOf(G,M)

?- isGrandfatherOf(kurt,paul).
?- isGrandfatherOf(kurt,C).
?- isGrandfatherOf(G,paul

?- isGrandfatherOf(G,paul),isFatherOf(X,G).

> Clauses

/ |
> | Facts
Implication )
s )
i > | Rules
, iIsMotherOf(M,C)
. . J
Conjunction
\
). > | Goals / Querys
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Recursion

Prolog predicates may be defined recursively

. A predicate is recursive if one or more rules in its definition refer to itself.
ancestor (Anc,Desc ):- parent( Anc,Desc ).
ancestor (Anc,Desc ):- parent( Anc,X), ancestor (X,Desc).

. What does the definition of ancestor/2 by the above clauses mean?
1. fANc is a parent of Descoimplies that FANc is an ancestor of Desco

2. MNc is a parent of X and X is an ancestor of Descoimplies that fAnc is an ancestor
of Desco

Homework

E Try ancestor/2 together with your own parent/2 predicate definition
E Does it give all the expected results?

y

E Does it give only expected results?

m
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Rules

Rules consist of a head and a body.

\/—‘ Ahead | iteralo
represents the predicate that is defined by the clause

5

isGrandfatherOf(G,C) -
is\FatherOf(G,X) . (isFatherOf(X,C) ; iIsMotherOf(X,C) ).
—
Abody |4 eral so

represent goals to be proven in order to
prove the head.

Factsar e jJjust syntactic sugar for r

isFatherOf(peter,hans ).
1‘ these clauses are equivalent

iIsFatherOf(peter,hans ) - true.
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Program @ Clause ®© Literal =o

Prolog programs consist of clauses (see previous slide)

Clauses consist of literals é

E Head literal
E Zero or more body literals

separ adged SV

Literals consist of
E a predicate symbol

E
E
E opening rodnd bradcei mplication
E comma i E conjunotion

E closing round bradcedifisjuna@ti on

N Dt St
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are the of literals. They may be
XY, Father , Method, Type, type , Type,...
Numbers, Strings, ...
person( stan,laurel ), +(1,*(3,4)) , €

are the In Prolog!

The only thing one can do with terms ishification with other terms!

A Allcomputationin Prolog is based oanification.

m
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Syntax

Variables start with an upper case letter or an underscore

Country Year MV 45 G107 _ europe

Anonymous Variables (' ")
E For irrelevant values

EnDoes Peter have a father?0 We nei't
fathers nor who the father is:

?- isFatherOf (_, peter ).
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Semantics

The scope of a variable is the
clause in which it appears

Variables that appear only once
In a clause are called singletons.

isGrandfatherOf( GC): -
isFatherOf(  GF),
isFatherOf(F,C).

iIsGrandfatherOf( G,Child) ;-
isFatherOf( GM) ,
isMotherOf(M,Chil).

E Mostly results of typos

E SWI Prolog warns about
singletons,

Eé unl
warnings

ess you

All occurrences of the same
variable in the same clause must
have the same value!

E Except i anonymoush e
variableo (t he

sup

N

underscor e

loves(romeo,juliet).
loves(john,eve).

loves(jesus, Everybody ).
?- classDefT(ID, ,O0Appl edt).o,
__Everybody

Intentional singleton variable,
for which singleton warnings
should be supressed .
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-17 -2.67e+021 0O 1 99.9 512
sequences of letters, digits or underscore characters ' ' that

E start with a lower case letter

OR

E are enclosed in (). If simple quotes should be part of an
atom they must be doubled.

OR
E only contains special characters

ok:

wrong Fritz 123 Xyz new- york

Remember: Prolog has no static typing!
E Soitis up to you to make sure you write what you mean.

5
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are terms that are composed of other terms

,akin to Arecordso in Pascal (or
functor subterms
-7 =z \
S T T v

A - P

—

X - X " ———————< ;
person ( peter ,kmueller : daEe (27&11%2007A )

\ ~ N \
\ SN
| ~2

\
\

functor subterms

Arbitrary nesting allowed
No static typing: person (1,2, 'a') is legal!
are not function calls! They do not yield a result!!!

5

5

Notation for function symbols: , €.0. :

m
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Example @ Employees

Without function terms

employee ( tom, jones , 5000, 10).
employee ( tim, james, 7000, 0 ).
employee ( tam, junes , 6500, 15).

Concise but clumsy!

What do the arguments represent?

"%
©20092012Dr. G. Kniesel CoursdddvancetogicProgrmmifig ( AL P) Pagel-21 universitatbonn ROOTS




Example @ Employees

With function terms

employee ( who(tom, jones ), salary (5000, bonus (10,%)) ).
employee ( who(tim, james), salary (7000, bonus (0,%)) ).
employee ( who(tam, junes ), salary (6500, bonus (15,%)) ).

\‘//
/Q{'

Q O o .
NS

Tim James has the highest fixed

salary but gets no bonus!
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Lists T Recursive Structures with special
Syntax

Lists are denoted by square brackets "[]"

0 [2a [ 1[ 2alc]

The pipe symbol"|* del i mits the 1 nitial el

[1] [2,a]] [1,2 | [a]] [ Head| Tail ]
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Terms, again

Terms are constants, variables or structures

5

peter

27

MM

[ europe , asia , africa | Rest]

person (peter , Nameg date (27, MM 2007))

A ground term is a variable-free term

person (peter , mueller , date (27, 11, 2007))
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