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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the specializec
for worldwide standardization. National bodies that are members of ISO or IEC participate in the_development of Internationz
Standgrds through technical committees established by the respective organization to deal with particular fields of technical activity. ISO al
IEC teg¢hnical committees collaborate in fields of mutual interest. Other international organizations, governmental and pon-governmental,

In the ffield of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. |Draft International

Attentipn is drawn to the possibility that some of the elements of this part of ISO/IE€\13211 may be the subject of paten{ rights. ISO and IE(

ional Standard ISO/IEC 13211-2 was prepared by Joint Téchnical Committee ISO/IEC Jiforination fechnology
mittee SC 2Brogramming languages, their environments and system software interfaces

ISO/IEL 13211 consists of the following parts, under the generaltittemation technology — Programming languages — Prolog
— Part 1: General core

— Part 2: Modules

© ISO/IEC 2000 — All rights reserved \%
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lage originates from work in the early 1970s by Robert A. Kowalski while at-Edinburgh University (and eve
mperial College, London) and Alain Colmerauer at the University of Aix-Marseilles in France. Their efforts
72 to the use of formal logic as the basis for a programming langUage. Kowalski’'s research provided t

al features of Prolog are unification and backtracking. Unification shows how two arbitrary structures can
al, and Prolog processors employ a search strategy whichtries to find a solution to a problem by backtrack
baths if any one particular search comes to a dead end\

good for windowing and multimedia because of the;ease of building complex data structures dynamically, a|

cations because the language lends itself to both the production and analysis of text, allowing for producti
‘on the fly'.

national Standard defines syntax and“semantics of modules in 1ISO Prolog. There is no other Internatio
for Prolog modules.

in Prolog serve to partition theSname space and support encapsulation for the purposes of constructing 13
put of smaller components,-The module system is procedure-based rather than atom-based. This meang
cedure is to be defined in.a given name space. The requirements for Prolog modules are rendered
by the existence of context ‘sensitive procedures.
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Information technology — Programming languages —
Prolog — Part 2: Modules
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1.1 N

Notes

le,

Ssor,
bded,

otes

langua

pility and portability of Prolog
ext complying with the requirements of the Programming
ge Prolog as specified in this part of ISO/IEC 13211.

rt of ISO/IEC 13211 specifies:
[he representation of Prolog text that constitutes a Prolog 3 Terms and definitions
[he constraints that shall be satisfied to prepare Prolog
les for execution, and

he requirements, restrictions and limits imposed on a ¢4 owed by its defirition.
rming Prolog processor that processes modules.

rt of ISO/IEC 13211 does not specify:

[he size or number of Prolog modules that will exceed the
City of any specific data processing system or language

or the actions to be taken when the limit is

[he methods of activating the Prolog processor or_ithe
f commands used to control the environment in _Which
g modules are prepared for execution,

he mechanisms by which Prolog modulesaré loaded,

[he relationship between Prolog modules and the 3.1 accessible procedure:See 3.39 —procedure,
ssor-specific file system.

n this part of ISO/IEC\13211 have no effect on the . . _
e, Prolog text, modulg_text or Prolog processors that are 3-3 argument, qualified: A qL_"'?‘"f'eE term whi
defined| as conforming to. this part of ISO/IEC 13211. Reasons argumentin a module name qualified * predicatior|

for inclpiding a note inelude:

a)
part
way

b)

ross referen€es to other clauses and subclauses of this

f ISO/INECY13211 in order to help readers find their
round;

arnings when a built-in predicate as defined in this part

recent edition of the normative document indicated below. For

undated references, the latest edition of the norm

ISO/IEC 13211-1 : 1995|nformation technology -
ming languages — Prolog Part 1: Generdl .core.

The terminology for this part of ISO/IEC 13211
modeled on that of 1SO{2382.

An entry consists~of_a phrase (ibold type) bein
Words and phrases d
glossary are prifted iitalics when they are defined
13211-1 orsother entries of this part of ISO/IEC
a definition‘contains two words or phrases defin
entries/directly following each other (or separat
punctuation sign), * (an asterisk) separates them

\Words and phrases not defined in the glossary §
have the meaning given in ISO 2382-15 and 1SO
if they do not appear in ISO 2382-15 or ISO/IEC
they are assumed to have their usual meaning.

A double asterisk (**) is used to denote those de
there is a change from the meaning given in ISQ

3.2 activation, of a procedure: A procedure
activatedwhen it is called for execution.

3.4 calling context: The set olvisible proceduresth
table, thecharacter conversion mappingnd Prolog
denoted by amodule nameand used as a context
of a context sensitive procedure

ative document
ain registers of

— Program-

has a format

g defined,
efined in the
in ISO/IEC
13211. When
ed in separate
bd only by a

are assumed to
IEC 13211-1;
13211-1, then

initions where
IEC 13211-1.

pccessihle

has been

ch is an

e operator
lag values
activation

of ISOMET T3ZIT has & different meaning in some exising 35 database, visible: The visible databaseof a module M
implementations.

2 Normative reference

The following normative document contains provision which,

through reference in this text, constitute provisions of this part of

parties to agreements based on this part of ISO/IEC 13211 are
encouraged to investigate the possibility of applying the most

© ISO/IEC 2000 — All rights reserved

is the set ofproceduresthat can beactivated witho
name qualificationfrom within M

ut module

3.6 defining module: See 3.23 -module, defining

3.7 export: To make aprocedure of an exporting module
ISO/IEC 13211. For dated references, subsequent amendments 10, ayajlable forimport or re-exportby other modules

or revisions of, any of these publications do not apply. However,

3.8 exported procedure: See 3.41 —procedure, exported

1
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3.9 import: To make procedures * exportecbr re-exported
by a module * visiblein an importing or re-exporting module

3.10 import, selective: The importationinto a moduleof only
certain explicitly indicatecprocedures * exportedr re-exported
by a module (see 6.2.5.2).

3.11 load (a modulg: Loadthe module interfaceof a module

and corrg ethe nranara ol _thoadiac f anyy for avacution
geoy—prepar T Tt ot e STty ToT—tXxecoton

3.25 module, existing: A module whose interface h
prepared for executiorfsee 6.2.3).

3.26 module, exporting: A module that makes
proceduresfor import or re-exportby other modules

as been

available

3.27 module interface: A sequence ofread-terms which
specify theexportedand re-exported procedures aagported *

NOTE — [The interface of a module shall be loaded before any body
of the moglule (see 6.2.3).

3.12 logd (a module interface Correctly prepare thenodule
interface ¢f the modulefor execution

3.13 logkup module: See 3.29 -module, lookup

3.14 meta-argument: An argument in anetaproceduravhich
is contex} sensitive.

3.15 megtapredicate: A predicate denoting ametaprocedure

3.16 mgtapredicate directive: A directive stipulating that a
procedurgis a metapredicate

3.17 metapredicate mode indicator: Either a predicate indi-
cator or & compound term each of whose arguments is, or
* (see| 6.1.1.4).

3.18 magtaprocedure: A procedurewhose actions depend on
the calli context and which therefore carries.-augmented
moduleinformation designating thigsalling context

3.19 mgtavariable: A variable occurring’ as anargument
in a metaprocedurewhich will be subject tomodule name
qualificatipn when theprocedureisactivated.

3.20 mg
together
to import

dule: A named collection oproceduresanddirectives
vith provisions~t@xport some of theproceduresand
and re-export->* proceduresrom other modules

3.21 mqdule bedy: A Prolog text containing the definitions
of the prgceduresof a module together withimport and other
directives]loeal to thatmodule body

metapredicatef a module

3.28 module, importing: A module into_which prg
areimported adding them to theisible databasef the

3.29 module, lookup: The module where search fq
of a proceduretakes place.

NOTE — The lookup module“défines the visible database
accessible without module hame qualification (see 6.1.1.

3.30 module name: An atom identifying a module

3.31 .module name qualification: The qualification o
with amodule name

3.32 module, qualifying: See 6.1.1.3 -Qualifying m
ule, lookup module and defining module

3.33 module, re-exporting: A module which,
exportation,* imports certain procedures and expor|
sameprocedures

cedures
module

clauses

of procedures

).

f aterm

by re-
s these

3.34 module text: A sequence ofead-termsdenotingdirec-

tives module directivesand clauses

3.35 module, user: A module with name user cqg
all user-defined procedurethat are not specified as
to a specificmodule

3.36 predicate **: An identifier or qualified identifief
with an arity.

3.37 predicate name, qualified: The gualified ident

ntaining
belonging

fogether

fierof a

3.22 module, calling (of a procedur@: The modulein which
a correspondingactivator is executed

3.23 module, defining: The module in whose module body
(or bodies)a procedureis defined explicitly and entirely.

3.24 module directive: A term D which affects the meaning
of module text(6.2.4), and is denoted in thatodule textby a
directive-term:- (D).

2

predicate

3.38 preparation for execution: Implementation dependent
handling of bothProlog text and module textby a processor
which results, if successful, in the processor being ready to

execute the prepareBrolog textor module text

3.39 procedure, accessible:A procedureis access

ibleif it

can be activated with module name qualificatiorfrom any

module which is currentlyloaded

© ISO/IEC 2000 — All rights

reserved
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3.40 procedure, context sensitive: A procedure is context
sensitiveif the effect of its execution depends on tlealling
contextin which it is activated

3.41 procedure, exported: A procedurethat is made available
by a modulefor import or re-exportby other modules

qualificgtion

3.43 process **: Executionactivity of a processorrunning
prepared Prolog textand module textto manipulateconforming
Prolog data accomplishside effectsand compute results.

3.44 prototype: A compound termwhere eachargumentis
a varialple
3.45 prototype, qualified: A qualified term whose first

argumentis a module nameand secondargumentis a prototype

3.46 qualification: The textual replacement (6.4.3) oftarm
T by tHe term M:T where M is a module name

3.47 qualified argument: See 3.3 —argument, qualified

3.48 (qualified term: See 3.51 -term, qualified

3.49 1e-export: To makeprocedures * exportedy amodule

* visiblg in the re-exporting module while at the-'same time
making|them available foimport or re-exportby-other modules
from the re-exporting module

3.50 fe-export, selective: There-exportationby are-exporting
* module of certain indicategprocedures * exportefom another
module|(see 6.2.4.3).

3.51 ferm, qualified: A\ term whose principal functor is
(/2

3.52
visible

isible pragedure (in amoduleM): See 3.42 -procedure,

ISO/IEC 13211-2:2000(E)

1) the requirements of this part of ISO/IEC 13211,
including the requirements set out in ISO/IEC 13211-1
General Core, whether or not the text makes explicit use

of modules, and

2) the implementation defined and implemen
features of the Prolog processor,

b) Correctly execute Prolog goals which have
for execution and which conform to:

tation specific

been prepared

1) the requirements of this part of ISGNEC 13211 and

ISO/IEC 13211, and

2) the implementation defined and implemen
features of the Prolog processofr;

c) Reject any Prolog text, module text or reg
syntax fails to conform to:

tation specific

d-term whose

1) the requirements’ of this part of ISO/IEC 13211 and

ISO/IEC 13211, and

2) the implementation defined and implemen
features ofithe Prolog processor,

d) Specify all permitted variations from this pa
1321D and ISO/IEC 13211 in the manner preg

part of ISO/IEC 13211 and ISO/IEC 13211, anfd

tation specific

t of ISO/IEC
cribed by this

e) Offer a strictly conforming mode which shpall reject the

use of an implementation specific feature in|
module text or while executing a goal.

4.2 Module text

Conforming module text shall use only the const
in this part of ISO/IEC 13211 and ISO/IEC 1

Prolog text,

ucts specified
3211-1, and

the implementation defined and implementation specific features

supported by the processor.

Strictly conforming module text shall use only the constructs

specified in this part of ISO/IEC 13211 and ISO
and the implementation defined features specifig
of ISO/IEC 13211.

4.3 Prolog goal

EC 13211-1,
d by this part

A conforming Prolog goal is one whose executipn is defined

by the constructs specified in this part of IS
and ISO/IEC 13211-1, and the implementation
implementation specific features supported by the

3.53 visible database (of amoduleM—See 35 —database,
visible

4 Compliance

4.1 Prolog processor

A conforming processor shall:

a) Correctly prepare for execution Prolog text and module

text which conforms to:

© ISO/IEC 2000 — All rights reserved

A strictly conforming Prolog goal is one whose

D/IEC 13211
defined and
processor.

execution is

defined by constructs specified in this part of ISO/IEC 13211
and ISO/IEC 13211-1, and the implementation defined features

specified by this part of ISO/IEC 13211.

4.4 Prolog modules

4.4.1 Prolog text without modules

A processor supporting modules shall be able to prepare and
execute Prolog text that does not explicitly use modules. Such

3
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text shall be prepared and executed as the body of the required
built-in module namediser.

Table 1 — The initial operator table

Priority  Specifier Operator(s)

1200 xfx - >
4.4.2 The module user 1200 fx -7

1100 xfy ;
A Prolog processor shall support a built-in moduleser . 1050 xfy ->
User-defined procedures not defined in any particular module 1000 xfy ,
shall belong to the moduleser . 900 fy \+

700 xfx =\=

706 fx ==\ === D>
4.5 Dogumentation 700 xfx =

700 xfx is == =\= < =< > >=
A conformhing Prolog processor shall be accompanied by docu- 600  xfy :
mentatior] that completes the definition of every implementation 500 yfx :’ -\ V
defined ifnplementation specific features (if any) specified in 400 yfx **/ /I'rem madr<< >>
this part pf ISO/IEC 13211and ISO/IEC 13211-1. 200 xix *

200 xfy

200 fy -\
4.5.1 Dynamic Modules
A Prolod processor may support additional implementation Clause 6.2.4 defines the" module directives and

specific procedures that support the creation or abolition of
modules during execution of a Prolog goal.

4.5.2 Infccessible Procedures
A Prolog
is to mak

not acces

processor may support additional features whose effect
e certain procedures defined in the body of a module
sible from outside the module.

5 Synfax

This clad
supports

se defines the abstract syntax of Prolog, text that
modules. The notation is that of ISO/IEC,13211-1.

Clause 5]1 defines the syntax of module text. Clause 5.2 defines
the role ¢f the operator .

5.1 Module text

Module fext is a sequence of \read-terms which denote (1)

module djrectives, (2) interface.directives, (3) directives, and (4)
clauses qf user-defined procédures.

The syntpx of a modulé directive and of a module interface
directive |s that of a~directive.

interface directives. /Clatse 6.2.5 defines directives
to those of ISO/IEC, 33211-1 that can appear in a 1
and their meanings.

5.2 Terms
5.24\ )Operators

The operator table specific to a modWédefines whi
will be regarded as operators in the context of the d¢
moduleMwhen (1) a sequence of tokens is parsed a
by the built-in predicateread _term/3
prepared for execution or (3) output by the built-in
write _term/3, write _term/2, write/1, write/2,
writeg/1, writeq/2

The effect of the directivesop/3 , char _conversi
and set _prolog _flag/l2 in modules with multiple
described in 6.2.5.4.

Table 1 defines the predefined operators. The ope
used for module qualification.

NOTES

1 This table is the same as table 7 of ISO/IEC 1321
single addition of the operator ‘.

2 When used in a predicate indicator or predicate ng

the module
in addition
nodule body

Ch atoms
iven module
5 a read-term

or (2) Prolog text is

predicates

bn/2
bodies is

fdtor is

1-1 with the

[

me "’ is an

module text = m text ; atom qualifier. This means that a predicate name can bg a compound
Abstract: ot mt term provided that the functor is ‘.
3 The operator table can be changed both by the use of the module
m text = directive term. m text : interface directiveop/3 and by the module directiveop/3 in the
Abstract: d-t d t body of a module.
m text = clause term, m text ; 6 Language concepts and semantics
Abstract: c-t c t
This clause defines the semantic concepts of Prolog with
modules.
m text = ;
Abstract: nil a) Subclause 6.1 defines the qualifying module and unqual-
ified term associated with a qualified term,
4 © ISO/IEC 2000 — All rights reserved
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b) Subclause 6.2 defines the division of module text into

Prolog modules,

ISO/IEC 13211-2

If the flag colon _sets _calling _context

:2000(E)

6.9.1 is true

shall be a compound term each of whose arguments is “’ or

“*'In this case an argument whose position cor

responds to a

c) Subclause 6.2.6 defines the relationship between clauses ‘' is a meta-argument, and an argument corresponding to *'
in module text and in the complete database,

d) Subclause 6.3 defines the complete database and its

relation to Prolog modules,

shall not be a meta-argument.

6.2 Module text

e) Subclause 6.4 defines metapredicates and the process of Module text specifies one or more user-defined modules and the

namgouatificatior; Tequired moduledser . A module consists of a_sihgle module
) ) interface and zero or more corresponding bodies| The interface
f) Subclause 6.5 defines the process of converting terms to shall be prepared for execution before any ofthe podies. Bodies
clauges and vice versa in the context of modules, may be separated from the interface. (if therd are multiple
) . _ bodies, they need not be contiguous.
g) $ubclause 6.6 defines the process of executing a goal in
the gresence of module qualification, The heads of clauses in module text shall be implicitly module
) . qualified only by the module bedy in which they appear, not
h) E;ubclause 6.7 defines the process of executing a control by explicit qualification of the'elalse head.
consfruct in the presence of module qualification.
) . . Every procedure that, 4s’ neither a control cofstruct nor a
1) Subclause 6.8 defines predicate properties, built-in predicate belongs to some module. Built-in predi-
i) Shibclause 6.9 defines required flags in addition to those C2t€S and contrgl lconstru_qts are visible everywhere and do
requited by ISO/IEC 13211-1. not require modtle qualification, except that| if th(_a_ flag
colon _sets _calling _context 6.9.1 istrue the builtin
k) Subclause 6.10 defines errors in addition to those required Metapredicates-(6.4.1) , the context sensitive bufftins 6.4.2 and
by I90/IEC 13211-1 call/l1 andcatch/3 may be module qualified for{ the purpose
7 ' of setting\the calling context.

6.1 Related terms
6.2.1 Module user

This clpuse extends the definitions of clause 7.1 of ISO/IEC . ) )

13211-1. The required moduleiser contains all user-definel procedures
not defined within a body of a specific module. It has by default
an empty module interface. However, module text may contain

6.1.1 Pualified and unqualified terms an explicit interface for moduleuser . Any such interface
must be loaded before any Prolog text belonging|to the module

6.1.1.1] Qualified terms user .

A qualified term is a term whose principal functor i6)/2 NOTE — An explicit interface for moduleuser enableg procedures
to be exported from moduleuser to other modules| and allows
metapredicates to be defined in moduiser .

6.1.1.2] Unqualified terms

An undualified term is a termewhose principal functor is not 6.2.2 Procedure Visibility

()2 All procedures defined in a module are accesdible from any
module by use of explicit module qualification. If shall be an

6.1.1.3| Qualifying module allowable extension to provide a mechanism thaf hides certain
procedures defined in a modul®! so that they|cannot be

Given h moduleM\dnd a termT, the associated qualifying activated, inspected or modified except from within a body of

module]QM = gim(M:T) and associated unqualified terdiT = the moduleM

ut(M:T)| of (M:T) are defined as follows: o )

A module shall not make visible by import or re-¢xport two or
a) If the principal functor ofT is not (:)/2 thengm(M:T) more procedures with a given (unqualified) pred|cate indicator
is M amottv= s T; tefimed—mdifferentmodutes—f—=procedure—withh (unqualified)

predicate indicatoiPl from the complete database

is visible in

b) If the principal functor of T is (:)/2 with first argument
MM and second argumeifitl, thengm(M:T) is the qualifying
module of gm(MM:TT), and ut(M:T) is the unqualified
term ut(MM:TT) .

Mno other procedure with the same predicate indicator shall be
made visible inM

NOTE — More than one import or re-export directive may make
visible a single procedure in a module.

6.1.1.4 Metapredicate mode indicators

A
a
is

©

6.2.3 Module interface
metapredicate mode indicator is either a predicate indicator or
compound termMName(Modes) each of whose arguments
oor v,

A module interface in module text specifies the name of the
module, the operators, character conversions and Prolog flag

ISO/IEC 2000 — All rights reserved 5
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values that shall be used when the processor begins to prepare designated byl , and thatMMmakes these procedures available

for execution the bodies of the module, and the user-defined
procedures of a module that are

a) exported from the module,
b) re-exported from the module, and

c) defined to be metapredicates by the module.

for import or re-export (fromMM by other modules.

A procedure designated B3 in areexport(M,Pl)

directive

shall be that of a procedure exported or re-exported by the

module M

No procedure designated W1 shall be a control co
a built-in predicate.

nstruct or

ce of directives shall form the module interface of the
ith nameName if :

A sequerj
module W

b

a) Th
(6.2.4.1)

first directive is a directivemodule(Name) .

b) Th
(6.2.4.4

b last directive is a directivend _module(Name) .

)

Ch other element of the sequence is a module interface
b, (6.2.4.2 through 6.2.4.8)

c) Ea
directiv|

The inter
body of t

face for a moduld&Name shall be loaded before any
he module.

6.2.4 Mgpdule directives

Module directives are module text which serve to 1) separate

module tgxt into the individual modules, and 2) define operators,

character|conversions and flag values that apply to the preparation
for execufion of the bodies of the corresponding module.

6.2.4.1 Module directive module/l

The modyle directivénodule(Name) specifies that the interface

text bracKeted by the directive and the matching closifng interface
directive pnd_module(Name) defines the interface to the
Prolog mpduleName

6.2.4.4 Module interface directive reexport/1

A module interface directivereexport(Pl) in the
interface of a moduleM where Pl is an atom, a se
atoms, or a list of atoms specifies that. the modi
all the user defined procedures exported or re-exp
modules designated bRl and thatiMmakes these [
available for import into or re-exportation by other

6.2.4.5 Module interface\directive metapredicate/1

A module interface\directivemetapredicate(MI)

module interface of a modul& where M| is a metd|
mode indicator, a metapredicate mode indicator s
a metapredicate mode indicator list specifies that

module
fjuence of
Bmports
orted by the
rocedures
modules.

in the
predicate
equence, or
the module

defines and exports the metaprocedures designatediby

6/2/4.6 Module interface directive op/3

A module interface directivep(Priority, Op _specif
Operator) in the module interface of a modulll
the initial operator table to be altered only for the
for execution of all the bodies of the modulé

The argumentsPriority, Op _specifier , and Op4
shall satisfy the same constraints as for the succes
of the built-in predicateop/3 (8.14.3 of ISO/IEC 132
the initial operator table of the module shall be al

er,
enables
preparation

brator

sful execution
11-1) and
ered in the

6.2.4.2 Module interface directive export/1 same way.
A modulg interface directiveexport(Pl) in the module Operqtors defined in ii a module mterfacem ”dlrectlve
interface |of a moduleM where-Pl is a predicate indicator, O]E)f(P{'?r:'ty’ Ct)p f ‘Spde(t:' \er, _O;;erzlator) d dsl=at ?Ot th
a predicgte indicator sequénce or a predicate indicator list, 19(: th ebsydr] axof rhea erms md' rolog acljnl modul texts other
specifies [that the modulklinakes the procedures designated by than the bodies of the corresponding module.
Pl availaple for import<inte or re-export by other modules.
A procedure designated bl in a export(Pl) directive 6.2.4.7 Module interface directive charconversion/2
shall be that of.a\procedure defined in the body (or bodies) of ) o .
the moduleM A module interface directivechar _conversion(In L.char,

Out char) in the module interface of a moduld|enables
No procediure—designated-Hp—shall-be—a—eontrol-construet—a——LInilial_characier conversion mappingor.. (seel 3.29 of

built-in predicate, or an imported procedure.

NOTE — Since control constructs and built-in predicates are visible
everywhere they cannot be exported.

6.2.4.3 Module interface directive reexport/2

A directive reexport(M, PI) in the interface of a modul®M
whereMis an atom andPl is a predicate indicator, a predicate

indicator sequence or a predicate indicator list specifies that
the moduleMMimports from the moduleM all the procedures

6

ISO/IEC 13211-1) to be altered only for the preparation for

execution of all the bodies of the moduh

The argumentsin _char , and Out _char

shall satisfy the

same constraints as for the successful execution of the built-in

predicatechar _conversion/2 (8.14.5 of ISO/IEC
and Convc shall be altered in the same way.

13211-1)

Character conversions defined in a module interface directive

char _conversion(In _char, Out _char)

shall not affect

the syntax of read terms in Prolog and module texts other than

the bodies of the corresponding module.

© ISO/IEC 2000 — All rights

reserved
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6.2.4.8 Module interface directive sefprolog-flag/2

A module interface directive set _prolog _flag(Flag,

Value) in the module interface of a modul& enables
the initial value associated with a Prolog flag to be altered only
for the preparation for execution of all the bodies of the module
M

The argumentsFlag , and Value
constraints as for the successful

shall satisfy the same
execution of the built-in

ISO/IEC 13211-2

the moduleMMimports from the module M all the
designated byPI .

A procedure designated byl in a import(M,PI)
shall be a procedure exported or re-exported by

:2000(E)

procedures

directive
the mohlille

No procedure designated Wl shall be a control construct or

a built-in predicate.

predicateset prolog _flag/l2  (8.17.1 of ISO/IEC 13211-1) 6.2.5.3 Directive import/1
and thgValue shall be associated with flaglag in the same
way. A directive import(MI) in a body of a maoduléMMwhere Ml

_ _ ) _ o is an atom, a sequence of atoms, or_ a list of gtoms specifies
Values | associated with flags in a module interface directive that the moduleMMimports all the procedures exgorted by the
set _prplog _flag(Flag, Value) shall not affect the values modules designated byll. Such precedures shall pe visible in
associgted with flags in Prolog and module texts other than the MMwithout name qualification.
bodies |of the corresponding module.

o 6.2.5.4 Module directive endbody/1

6.2.4.9] Module directive endmodule/1

) . ) The module directiveend_body(Name) where Ngme is an
The module directiveend_module(Name) where Name is an atom that has alr@ady appeared as the argument of a module
atom that has already appeared as the argument of a module gjrective body/k. “specifies the termination of the Prolog text
directive module/1 , specifies the termination of the interface belonging to the*particular module body of modiame
for the [moduleName

NOTE — Unless otherwise so defined module directives are not Prolog
text. Thusop/3, char _conversion/2 and set _prolog _flag/2
are both] module directives and directives (see ISO/IEC 13211-1 7.4.2.4,
7.4.25 pnd 7.4.2.9.)
6.2.5 Module body
A modple body belonging to a module is Prolog text-which
defines| user-defined procedures that belong to thewmnodule.
A sequence of directives and clauses shall farmJa body of the
modulg] with nameNameif:
a) The first element of the seguence is a directive
body[Name) (6.2.5.1).
b) The last element of (the. sequence is a directive
end _pody(Name) (6.2.5.4).
Directiies import/1 and <import/2 make visible in the
importifng module precedures defined in an exporting or re-
exportimg module.
6.2.5.1| Module directive body/1

giving the name of a module specifies that the Prolog text
bracketed between this directive and the next end module
directive end_body(Name) belongs to the moduleName
Such procedures shall be visible in all bodiesName without
name qualification.

6.2.5.2 Directive import/2

A directive import(M, PI) in a body of a moduldMMwhere

M is an atom andPl is a predicate indicator, a predicate
indicator sequence or a predicate indicator list specifies that

© ISO/IEC 2000 — All rights reserved

The preparation for execution of any module i
set the/ operator table, character conversion m
(seen8.29 of ISO/IEC 13211-1), and Prolog fla
new-initial state, determined by the module inter
op/3 , char _conversion/2 , and set _prolog -l
the interface ofM This state shall affect only thq
for execution of the subsequent bodies of th
The effect of directivesop/3 ,
set _prolog _flag/2 in a body of a modulévshall
during the preparation for execution of the curren
subsequent bodies of the moduié

NOTE — A single module may have more than one

char _conversion/2

hterface shall
pihgvc
values to a
ace directives
hg/2  in
preparation
e modife
, and
hccumulate
body and all

body. However

module text does not permit the nesting of any modyle body within

the Prolog text of the body of any module other t
module.

6.2.6 Clauses
A clause-term in one of the bodies of a modue
text causes a clause of a user-defined procedure

the moduleM

A clauseC of a clause-term € C.) in the body of &
shall be an unqualified term which is a clause ter

han tinser

bf module
to be added to

A modulévi
m whose head
constraints as

is an unqualified term and shall satisfy the samg
those required for a successful executlon of the b

ilt-in predicate

Rat no error

referrlng to modlflcatlon of a static procedure shall occ@.

shall be converted to a clau¢e-t and added to

the module

The predicate indicatoP/N of the head ofC shall not be

the predicate indicator of any built-in predicate,
construct, and shall not be that of any predicate
or reexported byM

NOTE — If the directive discontiguous/1 is in e
predicate defined in the body of a module, then cl
predicate may appear in separate bodies of the modu

or a control
imported into

ffect for a
lauses for that
le. The order in

7
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which the clauses are added to the complete database depends on theM without explicit module qualification and from outsid&with
order in which the bodies are prepared for execution. M as calling context.

It includes all built-in predicates and control constructs, all
6.2.6.1 Examples procedures defined in the bodies M all procedures imported

i . ) into M and all procedures re-exported b
The examples defined in this clause assume the complete
database has been created from module text that includes the NnoTe — A procedure visible in a moduldl that is neither a control

following: construct nor a built-in predicate is either (1) completely defined in the
bodies of M or (2) completely defined in the bodies of some module

- module(utilities) Mid-experted—fromiiiMand—imperted—er—+reexperted—r—tithermore

- export([length/2, reverse/2]). the options (1) and (2) are mutually exclusive.

- end_mopule(utilities).
:- body(utilities).
length(List, Len) :- lengthl(List, O, N).
length1([], N, N).
length1([H | T], N, L) :-
N1 is N + 1,lengthl(T, N1, L). The following examples use the complete databage defined in
6.2.6.1.

6.3.2 Examples

reverse(List, Reversed) :-
reversel(List, [], Reversed). The visible database d6o consists of the following prlocedures:
reversel([], R,R).

reversel([H | T], Acc, R) :-
reversel(T, [H | Acc], R).

—-end_body(utilities). All built-in predicates and control

constructs.
- module(foo). c oo
:- end_moplule(foo). rom /010. i
- body(fog). p/1, @/1.

-import(utfities).
p(Y) |- q(X),length(X,Y).

q([1.2.3,4]).
- end_body(foo).

Imported™from utilities:
length/2, reverse/2

64 Context sensitive predicates
The examples are executed in the context of the modeky .
The effect of a context sensitive procedure depgnds on the

foo:p(X). calling context (3.40) in which it is activated.
succeefls,
foo:l:Q\I/ZIrZE ([)i ZV g? i) Metapredicates are predicates denoting procedyres one or
succeels, more of whose arguments are meta-arguments. | If the flag
unifyind L with [3,2,1]. colon _sets _calling _context has the valuetrug then
utilities:reverse1([1,2,3], [, L). activation of the metapredicate will require these grguments to
succeefls, be unified with terms that require module qualification. The
unifying L with [3,2,1]. effect of certain other built-ins which are not metagredicates is
foo:reversg1([1,2,3], [], L). also dependent on the calling context.

existenge_error(procedure, foo:reversel))
When the flagcolon _sets _calling _context is trie the
calling context can be set explicitly by using the infix operator
6.3 Complete database “' . When the flagcolon _sets _calling _contgxt is

¢ . _false some other implementation defined method fpr explicitly
The complete database€ is”the database of procedures aga'”Stsetting the calling context shall be provided.
which exgcution of a ‘geal is performed. The procedures in the

complete|databasetare:

6.4.1 Metapredicate built-ins
a) all[control’ constructs,

The following built-in predicates are metapredicateq listed with
Thelr metapredicate mode Indicators.

b) all louilt-in prnr‘lir‘ntpcy

¢) all user-defined procedures. a) The database access and modification  built-
in predicates clause(:,*), asserta(:), as-

sertz(:), retract(:), abolish(:) , and pred-
icate _property(:,*) ,

Each user-defined procedure is identified by a unique qualified
predicate indicator where the module name qualification of the
predicate indicator is the defining module of the procedure.

b) The logic and control built-in predicatesnce(:) ,

6.3.1 Visible database \+() , and
The visible database of a moduld is the collection of all c) The all solutions predicates setof(*,:”),
procedures in the complete database that can be activated from  bagof(*,:,*) , and findall(*,:,*) :

8 © ISO/IEC 2000 — All rights reserved
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6.4.2 Context sensitive built-ins

The following built-in predicates are context sensitive:

a) Built-ins affecting the operator table, character con-
version and Prolog flags: op/3, current _op/3,
char _conversion/2 , current _char _conversion/2
set _prolog _flag/2 , andcurrent _prolog _flag/2 ;

ISO/IEC 13211-2:2000(E)

- module(sort_with_errors).
- export(sort/2).
- end_module(sort_with_errors).
- body(sort_with_errors).
- import(trace).
sort(List, SortedList) :-
sort(List, SortedList, []).
sort([], L,L).
sort([X[L], RO, R) :-

b) Built-in predicates that read or write terms: # split(X,L,L1,L2),

read|_term/3 write _term/3, write _term/2, Z Sor:?l:;’ B((fhﬁl)ﬁ)

write[1, write/2, writeq/1, and writeg/2 ? SorLz, v R)-

a a spiit(_, 01, [, ).
split(X, [YIL], [Y |L1], L2):-
6.4.3 Module name expansion lph(?(;li(l_'z L2).
_ _ split(X, [Y | L], [Y |L1], L2):-

When [the Prolog flagcolon _sets _calling _context s Y @< X, !

true gn argumeniX of a metapredicate go@lP which occurs

at a pqgsition corresponding to a “’

in the metapredicate mode

indicatqr of MP shall be qualified with the module name of

the cal
X appsgaring as a .’
modulelM will be replaced by(M:X)

When

ing context wherMP is activated. An unqualified term
"' argument in a call of a predicd® in
in the activation ofMP.

the Prolog flagcolon _sets _calling _context s

true the meta-arguments in an unqualified teMP which
represgnts a metapredicate goal in the calling context of a
module]CMshall be module qualified wittcM If the term MP

is module qualified then the meta-arguments shall be module
qualifieg with the qualifying module of the term.

When
false

module]
setting

6.4.4
6.4.4.1

These
flag lon

the Prolog flagcolon _sets _calling _context s
arguments of a metapredicate goal are not subject, to
qualification. An implementation defined method-of
the calling context shall be provided.

F-xamples: Metapredicates

colonsetscalling_context true

_sets _calling _context s.true .

The following example illustratés the use of a metapredicate to

obtain

Context information fof-debugging purposes.

module(trace).
- EXports(#/1).
Metapredicate(#()).

end_rhodule(trace):
body(frace).
- pp(950,'fx, #).

examples on module qualification<assume that the Prolog

split(X,L, L2, L2).
split(X, [Y | Ll [Y |L1], L2y
split(X, L, L2, L2).

- end_body(sort_with_errors).

The goal:

sort([3,2,1], L).

fails, writing

CALL sort_withcerrors calls split(3,[2,1],_A,_B)
FAIL sort_with_errors calls split(3,[2,1],_A,_B).

6.4.4.2 " colonsetscalling_context false

This example illustrates an alternate mechanism
calling context. Here@/2 is used to set the calling contex®

@ Mepresents a call of the go#é in the calling comtext of the
module M

:-module tools.
-meta [interpret/1].
:-end_module tools.

:-begin_module tools.

interpret(Goal) :-

calling_context(Module),

inter(Goal, Module, Module, Module).
% inter(
Goal,
CallingContextOfCurrentClause,
LookupContextOfGoal
CallingContextOfGoal)

%
%
%
%

inter(true, _, _, ) - L

inter((G1,G2), CallingContext, Home, At) :- I,
inter(G1, CallingContext, Home, At),
inter(G2, CallingContext, Home, At).

inter((M:G), CallingContext, _, At) :- |,

(# \JUCl:) o |||tc|(G, Ca::;IIHCUIItCAt, ?v‘l, At)
Goal = Module : G, inter((G@M), CallingContext, Home, _) :- |,
inform_user('CALL’, Module, G), inter(G, CallingContext, Home, M).
call(Goal), inter(calling_context(M), CallingContext, _, _) :-
inform_user(CEXIT’, Module, G). 8

(# Goal) :- M = CallingContext.

Goal = Module : G,
inform_user('FAIL’, Module, Goal),
fail.

inform_user(Port, Module, Goal) :-
write(Port), write(’ ’), write(Module),
write(" calls ’), writeq(Goal), nl.

- end_body(trace).

© ISO/IEC 2000 — All rights reserved

inter(G, _, Home, At):-
functor(G,N,A),

% next find defining module
current_visible(HomeModule, N/A) @ Home,
current_predicate(N/A) @ HomeModule, !,

% fails with BIPS
clause(G, Body) @ HomeModule,
inter(Body, At, HomeModule, HomeModule).

for setting the
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inter(G, _, Home, At) :-
call(Home:G) @ At.

:-end_module tools.
:-module programs.
-export [mysort/2].

:-end_module programs.

-begin_module programs.
% dynamic only for debugging reasons

6.5.1 Converting a term to the head of a clause

A term T can be converted wittM as calling context to a
predication which is the headd of a clause with defining
module MM

a) The associated unqualified term (6.1.1.2) of (M:T) is
converted to a predicatioH as in 7.6.1 of ISO/IEC 13211-1:

b) The defining moduleMM for the predication is the

-dynamic([app/3,;mysortZ,part4]).

app([].L.L)
app([HIT].1L.[H|G]):-
app(T|L,G).

mysort([],[)-

mysort([G|[T],S):-
part(d,T,L,H),
mysorf(L,LS),
mysorf(H,HS),
app(Ly,[G[HS].S).

part(,[.0.[D-

part(J,[H|R],[HIL],U):-
H =<|J,
!,
part(J|R,L,U).

part(J,[H|R],L,[H|U]):-
H>J
part3[R,L, ).
:-end_module programs.
-begin_mg¢dule daten.
list([7,2,6,9,1]).
list([9,0,4,4.3]).
-end_module daten.
/* module |"user" */
-import topls.
-import programs.

-import daten.

dosort:- inferpret(sort).

sort:-
list(X)
write('pnsorted: '), write(X)y nf,
mysort(X,Y),
write(ported: ), write(Y), nl,
fail.

sort.

qualifying module 6.1.1.3 ofM:T) .

6.5.2 Converting a module qualified term to a body

In the calling context of a modul# with 'given defining module
DMa termT is converted to the body' of a clause in|a sequence
of steps.

a) The termT is modul€ qualified with the name of the
calling context to giveM<F,

b) The termM:T As.simplified (6.5.2.1) to reducé¢ repeated
module qualification/giving a ternRT.

c) The simplified termRT is converted to a bod®[l in the
calling context ofM with defining moduleDM(6.5.2{2).

d) <The bodyBT is further simplified to remove [redundant
module qualifications (6.5.2.3).

6.5.2.1 Simplifying a module qualified term

A module qualified termM:T is simplified to a reducdd module
qualified termRT as follows:

a) If T is a variable therRT is M:T,

b) Else if the principal functor ofT is ":-/2’ or one

of the control constructg,)/2 , (;)/2 or (- >)/ , with
first argumentA and second argumerg, the simpliffed term
RT is the same functor (respectively, control construct) with
argumentsRA and RB obtained by simplifying the| qualified
terms M:A and M:B respectively.

c) Else if the principal functor ofT is (:) , first grgument
MM second argumenTT, the term MM:TT is simglified to
give RT,

d) ElseRTis M:T.

6.5.2.2 Converting a simplified term to a body

6.5 Converting a term to a clause, and a clause to a
term

Prolog provides the ability to convert Prolog data to and from
code. However the argument of a goal is a term whereas
the complete database contains procedures with the user-defined
procedures being formed from clauses. Some procedures convert
a term to a clause, while others convert a clause to a
corresponding term. This clause defines how the conversion is

to be carried out in the presence of modules.

10

If the Prolog flagcolon _sets _calling _context has the
value true then in the calling context of a moduleM with
defining moduleDMa simplified (qualified) ternT is converted
to a goalG which is the body of a clause:

a) If T is one of the control constructg)/2 , (/2 or
(- >)/2 , then each argument of shall be converted to a
goal.

b) Else T is a term with principal functor(:)/2 with

first argumentM and second argumeniT, and T shall be
converted to a goas as follows:

© ISO/IEC 2000 — All rights reserved
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1) If TT is a variable thenG is the control construct
call with argumentM:TT.

6.5.2.4 Further implementation defined conversions

An implementation may perform additional conversions on a
2) Else if TT is a term whose principal functor is one of goal, these may include:
the control constructstrue , fail , !, or throw/1 then
G is the same control construct and the arguments (if any)

a) Removing module qualifications of predications visible in
of Gand TT are identical.

the defining module.

3) Else if TT is a term whose principal functor is b)
call/l  or catch/3 then G is M:G1 where G1 is the
CO[TESPOTTITgCoNtrot—construct—and—theargumentssaf

anfl TT are identical.

If the flag colon _sets _calling _context has the
value true performing module qualification of the meta
arguments of metapredicates and/or the control constructs
call/1  and catch/3

4)| If TT is an atom or compound term whose principal
furjctor FT does not appear in table 9 of ISO/IEC 13211-1
thgn G is the goalM:G1 where G1 is a predication whose
predicate indicator i$T, and the arguments, if any, @1
ang T are identical.

If the Prolog flagcolon _sets _calling _context has the
value fglse then in the calling context of a moduléMwith
defining moduleDMa simplified (qualified) ternT is converted
to a gdalG which is the body of a clause:

c) If the flag colon _sets _calling _.context | has the
value false  performing conversions|required| by the im-
plementation specific method of Setting the cglling context.

6.5.3 Converting the body of a clause to a tern

A goal G which is a-predication with predicate indicat®¥N
in the body of a elause of a moduld can be corverted to a

a) If T is one of the control construcs)/2 , ()2  or term T
(- >¥2 , then each argument of shall be converted to a 8 . . )
goal. a) If the, principal functor ofGis not (:)/2 ahd if N is

zero, thenT is the atomP.

b) HElse T is a term with principal functor(:)/2 with

first prgumentM and second argumertT, and T shall be b),\If' G is a control construct which appears |n table 9 of
converted to a goal as follows: ISO/IEC 13211-1, therl is a term with the corresponding

principal functor. If the principal functor ofl is|call/l ,
catch/3  or throw/1  then the arguments o& pnd T are
identical, else if the principal functor off is (,)/2 or
(52  or (- >)2 then each argument d& shall also be
converted to a term.

1)| If TT is a variable thenG is the control construct
call  with argumentTT.

2)| Else if TT is a term whose principal functor is one”of

thg control constructstrue , fail , !, or throw/1 ~then

G Is the same control construct and the arguments (if any) c) |If colon _sets _calling _context s falsg and G

of [Gand TT are identical. is an instance of the implementation specific [construct that
sets the calling context the® shall be converted [to a terii

3) | Else ifTT is a term whose principal functor &all/1 using to the implementation specific method fo[ conversion.

or [catch/3  then G is the same control control construct

anfl the arguments db and TT areSidentical. d) If the principal functor of G is not (:))2 [and N is

not zero thenT is a renamed copy offT where TT is
the compound term whose principal functor RéN and the
arguments ofG and TT are identical.

4)| If TT is an atom or compound term whose principal
furjctor FT does not appear in table 9 of ISO/IEC 13211-1
thgn G is the goalM:G1 where G1 is a predication whose
predicate indicator i$T,~and the arguments, if any, @1
angl T are identicals

e) Else if the principal functor ofG is (:)/2 |with first
argumentMMand second argume@Gthen G is cgnverted to
the termMM:TT, where TT is obtained by convgrtingsGto

NOTE { In this seeond case additional implementation specific a term in the calling context oM

conversipns (6.5.2.4C), ‘are required to account for the explicit method
of setting the callingvcontext. ) . . ) .
The following examples are provided to illustrate the simplifi-
cation of module qualified terms and the conversipn of terms to
goals.

6.5.2.3| Removing redundant module qualifications

Defining module = m, context module = foo.
This would arise in a goal such as
foo:asserta(m:bar(X) :- baz(X)).

A body which is a goalG in a defining moduleDMis reduced
to a goalRGwithout redundant module qualifications as follows:

a) If Gis one of the control construct§)/’2 , (;)/2

or (- >)/2 , then RGis the same control construct and the
arguments ofRG are obtained from those db be reducing
each argument for redundant module qualifications.

In the case where the Prolog flag
colon_sets_calling context is true
the corresponding clause asserted into
module m would be
. - . bar(X) :- foo:baz(X).
b) If G is a module qualified goaM:G1 and M is the
defining moduleDMthen RGis G1,

(i) Case colon_sets_calling_context true.
c) ElseRGis identical toRG

© ISO/IEC 2000 — Al rights reserved 11
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Module qualified term --

Simplified
Clause in

Module qualified term --

m:(:-(dm:h, (a,m1:b)))
term -- - (dm:h , (m:a, ml:b))
dm -- h :- m:a, ml:b.

n:(->'(X, throw(B))

Simplified term -- ->'(n:X, n:throw(B))
Body -- *->'(call(n:X), throw(B)).
Module qualified term -- m:(’,'(n:a, b))

Simplified term -- '(n:a, m:b)

Body (defining module m) -- '’(n:a, b).

Table 2 — The execution stack after initialization with the

goal m:goal
S. Decorated Substi- Bl
index Subgoal Stack, tution
1 ((m:goal , user, O),newstack ps), {} nil

newstack gg

(ii) Case
@/2 sets

Module qu
Simplified
Clause in

Module qy
Simplified
Body --

Module gy
Simplified
Body --

6.6 EXxd

This claus|
goal is ex
on the stg

olon_sets_calling_context false.
he calling context.

plified term --  m:(:- dm:h, (a @ g, m1:b)))
erm -- - (dm:h, (m:(a @ q), m1:b)))
dm - h: -a@qg, mlb.
alified term -- n:(->'(X, throw(B))

term -- ->'( n:X, n:throw(B))

->'( call(X), throw(B)).
alified term -- n:(->'( X @ q, throw(B))
erm -- ->'(n:(X @ q), n:throw(B))

->'(call(X) @ g, throw(B)).
bcuting a Prolog goal

pcuted in the presence of module qualification.
ck model in clause 7.7 of ISO/IEC 13211-1.

6.6.1 Data types for the execution model

The execu
S of execy
of ISO/IEQ

ESis a st

S.index
of S.

decsgls
sequeng

subst
of the |

Bl

tion state€S. It is an extension of the model in clause 7.7
13211-1, where the extension adds modulecinformation.

Fuctured data type with components:

— A value defined by the currert-number of components
k — A stack of decorated subgoals which defines a
e of activators that might_be’ activated during execution.

— A substitution which_defines the state of the instantiations
ariables.

Backtrack infofmation: a value which defines how to

re-execyte a goal

The choics

point for the execution stat&S;; is ES;.

A decoraté

activator

bd s(ibgoaDS is a structured data type with components:

e describes the flow of control through Prolog clauses as a
It is based

tion model of module Prolog is based on an execytion stack

b) The current decorated subgoal stack, and
c) The current substitution, and
d) Backtracking information.
currdecgsgl , the current decorated’Subgoal, tigp(decsgl

of currstate . It contains:

a) The current activatorcurfact
b) The current context-moduleontextmodule , which
context in which, the~Current decorated subgoal is to
and

c) Its cutparent
Bl has\value:
nil — Its initial value, or
ctrl — The procedure is a control construct, or
bip - The activated procedure is a built-in predicatg

(DM, up(CL)) — CL is a list of the clauses of a
procedure whose predicate is identical dorract , and
still to be executed, andMis the module in whose
clauses appear.

6.6.2 Initialization

The method by which a user delivers a goal to the Prog
shall be implementation defined.

A goal is prepared for execution by transforming it into
If the flag colon _sets _calling _context is true true

of a metapredicate requires that all arguments of type |’

qualified (6.4.3) with the module name of the calling con
execution (6.6.4f).

The initial value of the calling context isiser .

Table 2 shows the execution stack after it has been init

btk)

, (this may be a qualified term,)

gives the
be executed,

, Or

ser-defined
hich are
body these

og processor

lan activator.
bxecution

be module
text prior to

alized and is

— A predicationP prepared for execution which must

be executed successfully in order to satisfy the goal.

contextmodule
the activator

cutparent

— An atom identifying the module in which
is being called.

— A pointer to a deeper execution state that indicates

where control is resumed should a cut be re-executed.

currstate
a) An
12

, the current execution state tep(S) . It contains:

index which identifies its position i, and

ready 10 executan:goal .

6.6.2.1 A goal succeeds

A goal is satisfied when the decorated subgoal stackusfstate

is empty. A solution for the goaim:goal
corresponding substitution:.

6.6.2.2 A goal fails

Execution fails when the execution sta&kis empty.

© ISO/IEC 2000 — All rights
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6.6.2.3 Re-executing a goal

After satisfying an initial goal, execution may continue by trying to
satisfy it again.

Procedurally,
a) Popcurrstate from S,

b) Continue execution at 6.6.5.

ISO/IEC 13211-2:2000(E)

j) Else create the sef of all modules that are the subject of
import/1  or reexport/1 directives inn and add toOpen the
elements ofS that are on neitheOpen nor Closed .

k) Continue at 6.6.3.1f.
NOTES
1 Because a moduleymay not make visible two different procedures

from the same database that would have the same unqualified predicate
indicator (6.2.2) inm no more than one such procedure can be found.

6.6.3 [Searching the complete database

This clapse describes how, with lookup modutethe processor locates

a procedurep in the complete database whose predicate indicator
correspgnds to a given (possibly module qualified) activator.

6.6.3.1| Searching the visible database

The procedure in the complete database corresponding to a procedure

p (whoge principal functor is necessarily n@)/2 ) in the visible
databasg¢ deetermined by a moduies located as follows:

a) I the principal functor ofp is a control construct or built-in
predidate therp is the required procedure.

b) I there is a user-defined procedupe with the same principal
functqr and arity ap defined inmthen p is the required procedure.

c) The selective import, reexport and selective reexport directives
of m are examined; (1) if there is a directive namipgas imported

or re{exported from a module then search is carried out in the
visible database oh for a procedurep which is exported byn;

(2) else if there is a directive naming a moduieas imported OF
re-exported then search is carried out in the visible database-of
for a|procedurep which is exported byn.

d) Hlse the search fails.

Procedurally the search in the visible database (ofya modul®r a
user defined procedurp is carried out as follows:

a) I there is a user-defined procedupewith the same principal
functqr and arity ap defined inmthenp-is the required procedure,

b) Hlse form two setOpen and Closed each initially empty.
c) Add mto the setCloséd~)
d) I there is a selective import directivenport(n,Pl)

selecfve reexport._directiveeexport(n,Pl) where PI
p repjace Open.by the set whose sole member ris

or a
includes

e) Ise ereate a lis6 of all the modules that are the subject of
impor/l~_ “er reexport/1 directives inm and replaceOpen by
the sgtS.

2 Because no more than one procedure can be~foupd the choice of
module from the seOpen does not need to be (Specifigd.

3 Since importation is idempotent no mddule needs|to be searched
more than once.

4 The provision of an explicit search| algorithm in this [subclause does
not prescribe that this algorithm shall be implemented By a conforming
processor rather it specifies only the effect of the algqgrithm.

6.6.3.2 Searching for a*given procedure

The processor locates/in the complete database with [pokup madule
a procedurep carfesponding to a given term.

a) Determine the unqualified terrdT and qualifying | moduleLT
associated tqm:T) .

b)\Jf the principal functor ofUT is a control construft or built-in
procedurep then p is the required procedure.

c) If the principal functor of UT is a user-defingd procedure
p (not a control construct or built-in predicate) then the visible
database (6.3.1) oET is searched for a procedune. [If no such

procedure exists the search fails.

6.6.4 Selecting a clause for execution
Execution proceeds in a succession of steps.

a) Using the visible database given by the modttatextmod-

ule of the current decorated subgoalirrdecsgl , the processor
searches the complete database (6.6.3.2) for a prqcquuéhose
(possibly module qualified) predicate indicator corregponds with the
(possibly qualified) identifier and arity afurract

b) If no procedure is found in step 6.6.4a, then
on the value of the flaginknown:

action depends

error — There shall be an error

existence _error(procedure, M:PF)

where M is the lookup modulecontextmodule  angl PF is the
predicate indicator of the (possibly qualifiedurract| , or

f) If Open is empty the search fails,
g) Else remove a module from Open and add it toClosed .

h) If there is a user defined procedugewith the same principal
functor and arity asq defined inn and exported byn then q is
the required procedure, and the search terminates,

i) Else if there is aimport/2 directive or a reexport/2
directive in n naming p as imported from a modulein and nn

is not on Closed replaceOpen by the set whose sole element is
nn,

© ISO/IEC 2000 — All rights reserved

warning — An implementation dependent warning shall be
generated and curract replaced by the control consfaitt , or

fail
fail

— curract  shall be replaced by the control construct

c) |If curract identifies a user-defined predicate 48Mto the
module name of the module in whose body the predicate is defined.

d) If the flag colon _sets _calling _context is true set
contextmodule  in the current decorated subgoal to the qualifying
module associated to(contextmodule:curract) and set
curract  to the associated unqualified term.

13
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e)

If the flag colon _sets _calling
form any implementation actions required to set the value of

_context is false per-

contextmodule

f)
(6.4.3).

9)

ctrl a
(6.7).

h) If ¢
continug

iy Ifp
in whicl
where
Continu
NOTE —
qualified.
6.6.5 Ba3

A procedy
goal has

Procedural
a) Exa

b) If B
remove

c) If B
at 6.6.7|

d) If H
e) If H
continug

6.6.6 E

Procedural

a) Ift
(DM, ug

b) Els
| CTD)

c) Ift
for exeq

If the flag colon _sets _calling
that any meta-arguments aurract

_context is true ensure
have been module qualified

If p is a control construct (true, fail, call, cut, conjunction,
disjunction, if-then, if-then-else, catch, throw) thesl

nd execution continues according to the rules defined in M) Set cutparent of the new firstsubgoalofthe

is set to

is a built-in predicateBP then Bl
execution at 6.6.7.

is set to bip and

is a user-defined procedure th&®Mis set to the module
the procedure is defined afl is set to(DM,up(CL)) ,
L is a list of the current clauses qgf of the procedure;
P execution at 6.6.6

After the execution of these stepsirract is not module
cktracking

re backtracks (1) if a goal has failed, or (2) if the initial
een satisfied, and the processor is asked to re-execute it.

ly, backtracking shall be executed as follows:
mine the value oBIl for the new currstate

| is (DM, up(CL)) thenp is a user defined procedure
the head o€L and continue at 6.6.6.

| is bip thenp is a built-in predicate, continue execution

I is ctrl  the effect of re-executing it is defined in 6.7.

I is nil then the newcurract
execution at 6.6.4.

has not“been executed,

ecuting a user-defined procedure:
y a user-defined procedure shall be executed as follows:

here are no (mor€) ‘clauses f@r then Bl has the value
m and coffinue execution at 6.6.6.1,

b consider ‘clause where Bl has the valug(DM, up([c
with the=éalling contextDM

e head ofc andcurract are unifiable then it is selected

ution, and continue execution at 6.6.6 e,

i) Apply the substitutionMGUto CCG

j) Replace the current activator @CGby the MGUmodified body
of ¢ .
k) SetBI of CCSto nil

I) Set the substitution ol€CSto a composition of the substitution

of currstate and MGU

subgoal stack ofCCSto the current choice point.

n) Set the contextmodule
decorated subgoal stack ©©M

of the new first\ subgd

0) PushCCSon to S. It becomes the neyveurrstate
previous currstate becomes itschoicepoint

p) Continue execution at 6.6.4!

6.6.6.1 Executing a user-defined procedure with
clauses

When a user-defined procedure has been selected for
but has no more' clauses, i.Bl has a value(DM, up([]
shall be execitéd as follows:

from S.

a) Poplurrstate

b)< \Continue execution at 6.6.5.

6.6.7 Executing a built-in predicate

Procedurally a built-in predicate shall be executed as in
of ISO/IEC 13211-1.

For the built-in predicates that have meta-arguments,
access and modification built-in predicates clause(:,*), &
serta(:), assertz(:), retract(:), abolish(:)

predicate  _property(:,*) , the logic and control built-in
once(:) , \+()
bagof(*,:,*) , and findall(*,:,*) ,

subgoal gives access to the calling context.

the current

the

For which are  context
—op/3, char _conversi

set _prolog _flag/2

builtin  predicates
(6.4.2) op/3 , current

current _char _conversion/2
rent _prolog _flagi2 read _term/3 , write
write _term/2 , write/l , write/2 , writeq/1 , and wri
the current decorated subgoal gives access to the callin

6.7 Executing a control construct

, and the all solutions predicatesetof(*,:,*),

decorated

al of the

and the

no more

execution 6.6.4

Lt

bection 7.7.12

the database
s-

, and
predicates

decorated
sensitive

bn/2
cur-

Aerm/3

eq/2
context.

This clause describes the modifications required to the g

escriptions of

d)
executiol

e) Let

f) Unify the head ofc’

Else Bl is replaced by a valuéDM, up(CT))

and continue
n at 6.6.6 a.
¢’ be a renamed copy of the clauseof up([c

D

and curract  producing a most general

unifier MGU

9)
h)

Make a copyCCS of currstate

Apply the substitutionMGUto the body ofc’ .

. It contains a copy of the

current goal which is calledCCG

14

the execution model of ISO/IEC I3211I-1. For all confrol constructs

not specifically described, the model is unchanged.

6.7.1 call/l

6.7.1.1 Description
call(G)
a goal which is true in the context o€M Procedurally,

construct call, denoted bgall(G) , shall be executed as

a) Make a copyCCS of currstate

is true in the calling context of modul€EMiff G represents

a control
follows:

© ISO/IEC 2000 — All rights reserved
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b) SetBl of CCSto nil

c) Pop currdecsgl ( = from

currentgoal of CCS

(call(G), CM, CP))

d) If the term G has as associated unqualified term a variable,

there shall be an instantiation error,

e) Else if the termG has as associated unqualified term a number,

there shall be a type error,

ISO/IEC 13211-2:2000(E)

a) Make a copyCCSof currstate
b) Replacecurract of CCShby call(G)
c) SetBIl to nil

d) PushCCSonto S.

e) Continue execution at 6.6.4.

f) Pop currstate from S.

f) E|se in the calling context of the modul€M and defining
moduje CMconvert the termG to a goalGoal with calling context
M the qualifying module ofCM:G) (6.5.2).

g) Uet NN be the choice point ofurrstate

h) Rush(Goal, M, NN) on to currentgoal of CCS
i) PpshCCSonto S.

j) Cpntinue execution at 6.6.4.

k) Hop currstate from S.

I) Cpntinue execution at 6.6.5.

call(G) is re-executable. On backtracking, continue at 6.7.1.1k.

6.7.1.2| Template and modes

call(+callable _term) .

6.7.1.3| Errors

a) Qis a variable

— instantiation _error.

b) The qualifying module ofCM:G) cannot be determined (6.1.1).
— insfantiation _error.

¢) Q@ is neither a variable nor a callable. term
— typg¢ _error(callable, G).

d) @ cannot be converted to a-goal
— typg¢ _error(callable, G).

6.7.1.4| Examples
call(m:X}foo).

type_errpr(callable;“m:X:foo).

g) Continue execution at 6.6.5.

catch(G,C,R) is
6.7.2.1f.

re-executable.  On backtracking] continue at

6.7.2.2 Template and modes

catch(?callable _term, ?term, ?term)

6.7.2.3 Errors

a) G is a variahle

— instantiation _error.

b) The.gualifying module ofCM:G) cannot be determined (6.1.1).
— instantiation _error.

C)\.G is neither a variable nor a callable term
=type _error(callable, G).

6.7.3 throw/1
6.7.3.1 Description

throw(B) is a control construct that is neither true| nor false. It
exists only for its procedural effect of causing the rjormal flow of

control to be transferred back to an existing call ait¢h/3  (see
6.7.2).
Procedurally, a control construct throw, denoted thyow(B) , shall

be executed as follows:

a) Make a renamed copgZA of curract
cutparent

, and a fopyCP of

b) Pop currstate from S.
c) It shall be a system error (7.12.2j of ISO/IEC |13211-1)Sf
is now empty,

d) Else if (1) the newcurract is a call of the confrol construct
catch/3 , and (2) the argument ofCA unifies with |the second
argumentC of the catch with most general unifigl¢U and (3)

the cutparent is less thanCP, then continue at 6.4.3.1b.

6.7.2 catch/3

The catch andthrow control constructs enable execution to continue
after an error without intervention from the user.

6.7.2.1 Description

catch(G,C,R) is true in the calling context of modul€Miff (1)
call(G) is true in the context ofCM or (2) the call of G is
interrupted by a call ofthrow/1  whose argument unifies witlC,
and call(R) is true in the context ofCM Procedurally, a control
construct catch, denoted hyatch(G,C,R) is executed as follows:

© ISO/IEC 2000 — All rights reserved

e) Apply MGUto currentgoal

f) Replacecurract by call(R)
of the control constructatch/3

, whereR is the third argument
from 6.7.3.1d.

g) SetBI to nil

h) Continue execution at 6.6.4.

6.7.3.2 Template and modes

throw(+nonvar)

15
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6.7.3.3 Errors

a) B is a variable

— instantiation _error.

b) B does not unify with theC argument of any call otatch/3
— system _error.

6.8 Predicate properties

6.10.1 Error classification

The following types are added to the classification of 7.12.2 of
ISO/IEC 13211-1.

a) The list of valid types is extended by the addition of
metapredicate  _mode_indicator (See 7.12.2 b of ISO/IEC
13211-1.)

b) The list of valid domains is extended by the addition of
predicate nroperty (See 7122 c of ISO/IEC 13211-1.)

The propgerties of procedures can be found using the built-in

predicate predicate  _property(Callable, Property) , Where
Callable is the meta-argument ternviodule:Goal (7.2.2). The
predicate properties supported shall include:

static — The procedure is static.

dynamiq — The procedure is dynamic.

public — The procedure is a public procedure.

private — The procedure is a private procedure.

built _ip - The procedure is a built-in predicate.

multifile — The procedure is the subject of a multifile directive.

exporte - The moduleModule exports the procedure.

metapredicate(MPMI) — The procedure is a metapredicate,
and MPMI is its metapredicate mode indicator.

importe into
module

_from(From) The predicate is
Module from the moduleFrom.

imported
defined | _in(DefiningModule) — The module with the/name

DefiningModule is the defining module of the procedure:

A processpr may support one of more additional predicate properties
as an impjementation specific feature.

6.9 Flaps

The followjng flag is added to those(ofy 7.11 of ISO/IEC 13211-1.

6.9.1 Flag: colonsetscalling-context
Possible vpluetrue , false
Default value: Implementation defined

Changeable:~No

c) The list of object types is extended by the additionrlmfdule .
(See 7.12.2 d of ISO/IEC 13211-1.)

d)
implicit

The list of permission types is extended by the| addition of

. (See 7.12.2 e of ISO/IEC 13211-1.)

7 Built-in predicates

7.1 The format of built:in” predicate definitions

The format of the built-impredicate definitions follows that|of ISO/IEC

13211-1.

7.1.1 Typé€ of an argument
The following additional argument types are required:
_mode_indicator

metapredicate — as terminology.

predicate  _property — a procedure property (6.8).
prototype  — as terminology.
qualified  _or _unqualified clause - a clause or tgrm whose

associated unqualified term is a clause.

7.2 Module predicates

The examples provided for these built-in predicates assump the complete
database has been created from the following module fext. The flag
colon _sets _calling _context is assumed to have the Valtreie .

- module(foo).

- export(p/1).

- metapredicate(p(:)).
end_module(foo).

module(bar).
- export(g/1).
- end_module(bar).

- module(baz).

Description: If the value of this flag isrue the operator () is used
to set the calling context of a metapredicate goal. Meta-arguments in

a metapredicate goal must be module qualified when the predicate is .

activated, with the defining module of the procedure in whose body
they are found. If the value idalse some other implementation

defined mechanism by which context sensitive predicates can access °

their calling context must be provided.

6.10 Errors

The following errors are defined in addition to those defined in section
7.12 of ISO/IEC 13211-1.

16

WANERY
= CAPOTIOrL)”

end_module(baz).

body(foo).
p(X) :- write(X).
end_body(foo).

body(bar).
- import(foo, p/1).
a(X) :- a(x), p(X)
q(X) :- a(X), foo:p(2).
a(1).

end_body(bar).

© ISO/IEC 2000 — All rights reserved
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- body(baz). b) Determines the unqualified ter with principal functor P of
- import(bar, g/1). arity N associated with(M:Prototype) . PIN is the associated
- end_body(baz). predicate indicator.

c) Searches the complete database and creates &esetp of
all terms PP such thatP/N identifies a procedure in the visible

7.2.1 currentmodule/1 database oMMwhich has predicate proper§P and PP is unifiable
with Property

7.2.1.1 Description
d) |If Setpp is non empty set is proceeds to 7.2.2.1f,

current _m.gd.ula@md.u]&)_[s true iff Module unifies with the.

name of an existing module. e) Else the predicate fails.

Procedufallycurrent _module(Module) is executed as follows: f) Chooses the first elemerPPP of Setpp,\unifiegy PPP with
Property and the predicate succeeds.

a) YHearches the complete database for all active modules and

creatds a seS of all terms M such that there is a module whose g) If all the elements ofSetpp havebeen chosen|the predicate

identifier unifies withModule . fails,

b) I a non-empty set is found, then proceeds to 7.2.1.1d, h) Else chooses the first elemeRPP of Setpp that has not
already been chosen, unifi®PP with Property and the predicate

c) Hise the goal fails. succeeds.

d) Qhooses an element & and the goal succeeds. predicate  _property(Rrototype, Property) is re-executable.

On backtracking, cobtinte at 7.2.2.1g.
e) I all the elements ofS have been chosen then the goal fails, . . ) .
The order in whickproperties are found pyedicate _prgperty/2

f) E|se chooses an element of the s&twhich has not already is implementation dependent.

been |chosen and the goal succeeds.
current | _module(Module) is re-executable. On backtracking, 7.2.2:2 ~ Template and modes
continug at 7.2.1.1e. - .
predicate  _property(+prototype, ?predicate _prpperty)
NOTE + current _module(M) succeeds if the interface tM has

been logded, whether or not any bodieshMinay have been prepared

for exedution. 7.2.2.3 Errors

a) Prototype is a variable

7.2.1.2| Template and Modes - instantiation  error

current | _module(?atom) b) The qualifying module of(M:Prototype) cannpt be deter-
mined (6.1.1)
— instantiation _error

7.2.1.3| Errors . . .
c) Prototype is neither a variable nor a callable [term

a) Nlodule is neither a variable nor an’atom — type error(callable, Prototype)
— type _error(atom, Module). d) Property is neither a variable nor a predicate| property
B ' — domain _error(predicate _property, Property) .
7.2.1.4| Examples e) The module identified bjMMdoes not exist
— existence _error(module, MM)

current_jmodule(foo),
sucpeeds. 7.2.2.4 Examples
current_module(fred:sid).

typg_error(atom, fred:sid).

Goals attempted in the context of the module

udi.

7.2.2 dicat 12
predicateproperty, predicate_property(q(X), exported).

7.2.2.1 Description succeeds, X is not instantiated.

. . . predicate_property(p(X), defined_in(S)).
predicate  _property(Prototype, Property) is true in the succeeds, S is unified with foo,
calling context of a moduleM iff the procedure associated with the X is not instantiated.
argumentPrototype  has predicate propertProperty

predicate_property(foo:p(X), metapredicate(Y)).

Procedurally predicate  _property(Prototype, Property) is succeeds, Y is unified with p(:),
executed as follows: X is not instantiated.
a) Determines the qualifying module &MMof (M:Prototype) . predicate_property(X:p(Y), exported).
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instantiation_error.

Goal attempted in the context of the module
baz.

predicate_property(foo:p(X), metapredicate(Y)).

succeeds, Y is unified with p(:),
X is not instantiated.

The following example assumes that the Prolog

flag colon_sets_calling_context has the value true.

:- dynamic(horns/1).
limbs(X) :- insects:legs(X).
limbs(X) :- mammals:legs(X).

- end_body(animals).

7.3.1 clause/2

bar:predic

te_property(p(X), imported_from(Y)).

succegds, Y is unified with foo,
X is njot instantiated.

7.3 Clguse retrieval and information

This claus¢ describes the interaction of the built-in predictaese/2

with the nmjodule system.

The examples provided for these built-in predicates assume that the
complete ¢latabase has been created from the following module text.

- module(mammals).

- export( dog/0, cat/0, elk/1).
- end_mopule(mammals).
- body(mammals).

:- dyngmic(cat/0).
cat.

:- dynamic(dog/0).
dog :- frue.

:- dynamic(elk/1).
elk(X) |- moose(X).

:- dyngmic(moose/1).
legs(4)
- end_|body(mammals).
- module(jnsects)
- export(ant/0, bee/0).
- end_mopule(insects).
- body(ingects).
:- dyngmic(ant/0).

ant.

;- dynamic(beefQ).
bee.

7.3.1.1 Description

clause(Head, Body) is true in the calling context of a
iff:

— The associated unqualified term¢@¥:Head) is HH
— The procedure oHH is public, “and

— There is a clause in.thé qualifying moduleM of (M
which corresponds to_a\term:- B which unifies wit

Body.

Procedurally, clause(Head, Body) is executed in tl
context of a moduleM as follows:

a) Determines the qualifying modulBM of (M:Head)
to be searched for the clauses.

b))\ “Determines the unqualified terhH associated wit{M

c) Searches sequentially through each public user-def
defined in the chosen module and creates allistf all
clause(H,B) such that:

1) DM contains a clause whose head can be c

calling context and defining modulBMto a termH aj

body can be converted with calling context and def
DMto a termB,

2) H unifies with HH and

3) B unifies with Body.

d) If a non-empty list is found, then proceeds to 7.3

e) Else the goal fails.

f) Chooses the first element of the lisf and the goal

g) |If all the elements of the list have been chose

goal fails,

h) Else chooses the first element bfthat has not alr

chosen, and the goal succeeds.

modulel

6.1.1.3),

‘Head)
HH -

e calling
(6.1.1.3)
Head) .
ned procedure

he terms

nverted with
d whose
ning module

1.1f,

succeeds.

h then the

pady been

- dyn Y |iu(:cga/’1).
legs(6).

body_type(segmented).
- end_body(insects).
- module(animals).

;- exports(limbs/1).
- end_module(animals).
- body(animals).

:- import(insects, [ant/0, bee/0]).
- import(mammals, [dog/0, cat/0, elk/1]).

18

clause/2 is re-executable. On backtracking, continue at 7.3.1.1g.

7.3.1.2 Template and modes

clause(+term, ?callable _term)

7.3.1.3 Errors

a) Head is a variable
— instantiation _error
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