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Introduction

1.1 SWiI-Prolog

SWiI-Prolog started back in 1986 with the requirement for a Prolog that could handle recursive inter-
action with the C-language: Prolog calling C and C calling Prolog recursively. Those days Prolog
systems were very aware of its environment and we needed such a system to support interactive
applications. Since then, SWI-Prolog’s development has been guided by requests from the user com-
munity, especially focussing on (in arbitrary order) interaction with the environment, scalability, (1/0)
performance, standard compliance, teaching and the program development environment.

SWI-Prolog is based on a very restricted form of the WAM (Warren Abstract Machine) described
in[ }which defines only 7 instructions. Prolog can easily be compiled into this
language and the abstract machine code is easily decompiled back into Prolog. As it is also possible
to wire a standard 4-port debugger in the WAM interpreter there is no need for a distinction between
compiled and interpreted code. Besides simplifying the design of the Prolog system itself this ap-
proach has advantages for program development: the compiler is simple and fast, the user does not
have to decide in advance whether debugging is required and the system only runs slightly slower
when in debug mode. The price we have to pay is some performance degradation (taking out the
debugger from the WAM interpreter improves performance by about 20%) and somewhat additional
memory usage to help the decompiler and debugger.

SWiI-Prolog extends the minimal set of instructions described i } to im-
prove performance. While extending this set care has been taken to maintain the advantages of de-
compilation and tracing of compiled code. The extensions include specialised instructions for unifi-
cation, predicate invocation, some frequently used built-in predicates, arithmetic, and cgatrpl (
|/2 ), if-then (->/2 ) and negation-by-failuré{/1 ).

1.1.1 Books about Prolog

This manual does not describe the full syntax and semantics of Prolog, nor how one should write a pro-
gram in Prolog. These subjects have been described extensively in the literaturer:See [L984,

[ Jo and | J. For more advanced Prolog material see
[ ]. Syntax and standard operator declarations confirm to the ‘Edinburgh standard’.
Most built in predicates are compatible with those describedCin( I. SWI-
Prolog also offers a number of primitive predicates compatible with Quintus Prfilog ]and
BIM _Prolog [ ].

ISO compliant predicates are based on “Prolog: The Standardra| ], validated
using [ |8

1Quintus is a trademark of Quintus Computer Systems Inc., USA
2BIM is a trademark of BIM sa/nv., Belgium
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10 CHAPTER 1. INTRODUCTION

1.2 Status

This manual describes version 5.4 of SWI-Prolog. SWI-Prolog has been used now for many years.
The application range includes Prolog course material, meta-interpreters, simulation of parallel Pro-
log, learning systems, natural language processing, complex interactive systems, web-server and web-
server components. Although we experienced rather obvious and critical bugs can remain unnoticed
for a remarkable long period, we assume the basic Prolog system is fairly stable. Bugs can be expected
in infrequently used built-in predicates.

Some bugs are known to the author. They are described as footnotes in this manual.

1.3 Compliance to the ISO standard

SWI-Prolog 3.3.0 implements all predicates described in “Prolog: The Standard”
[ 1.

Exceptions and warning are still weak. Some SWI-Prolog predicates silently fail on conditions
where the ISO specification requires an exceptiandgtor/3  for example). Some predicates print
warnings rather than raising an exception. All predicates where exceptions may be caused due to a
correct program operating in an imperfect world (I/O, arithmetic, resource overflows) should behave
according to the ISO standard. In other words: SWI-Prolog should be able to execute any program
conforming to [ ] that does not rely on exceptions generated by errors in the
program.

1.4 Should you be using SWI-Prolog?

There are a number of reasons why you better choose a commercial Prolog system, or another aca-
demic product:

e SWI-Prolog is not supported
Although | usually fix bugs shortly after a bug report arrives, | cannot promise anything. Now
that the sources are provided, you can always dig into them yourself.

¢ Memory requirements and performance are your first concerns
A number of commercial compilers are more keen on memory and performance than SWI-
Prolog. | do not wish to sacrifice some of the nice features of the system, nor its portability to
compete on raw performance.

e You need features not offered by SWI-Prolog
In this case you may wish to give me suggestions for extensions. If you have great plans, please
contact me (you might have to implement them yourself however).

On the other hand, SWI-Prolog offers some nice facilities:

¢ Nice environment
This includes ‘Do What | Mean’, automatic completion of atom names, history mechanism and
a tracer that operates on single key-strokes. Interfaces to some standard editors are provided
(and can be extended), as well as a facility to maintain programsr(ake/O ).
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1.5. THE XPCE GUI SYSTEM FOR PROLOG 11

e Very fast compiler
Even very large applications can be loaded in seconds on most machines. If this is not enough,
there is a Quick Load Format that is slightly more compact and loading is almost always 1/O
bound.

e Transparent compiled code
SWiI-Prolog compiled code can be treated just as interpreted code: you can list it, trace it, etc.
This implies you do not have to decide beforehand whether a module should be loaded for
debugging or not. Also, performance is much better than the performance of most interpreters.

e Profiling
SWI-Prolog offers tools for performance analysis, which can be very useful to optimise pro-
grams. Unless you are very familiar with Prolog and Prolog performance considerations this
might be more helpful than a better compiler without these facilities.

o Flexibility
SWiI-Prolog can easily be integrated with C, supporting non-determinism in Prolog calling C as
well as C calling Prolog (see sectidnlt can also bembedde@mbedded in external programs
(see sectiod.7). System predicates can be redefined locally to provide compatibility with other
Prolog systems.

e Integration with XPCE
SWI-Prolog offers a tight integration to the Object Oriented Package for User Interface De-
velopment, called XPCE/] J9XPCE allows you to implement
graphical user interfaces that are source-code compatible over Unix/X11, Win32 (Windows
95/98/ME and NT/2000/XP) and MacOS X (darwin).

1.5 The XPCE GUI system for Prolog

The XPCE GUI system for dynamically typed languages has been with SWI-Prolog for a long time.
It is developed by Anjo Anjewierden and Jan Wielemaker from the department of SWI, University of
Amsterdam. It aims at a high-productive development environment for graphical applications based
on Prolog.

Object oriented technology has proven to be a suitable model for implementing GUIs, which
typically deal with things Prolog is not very good at: event-driven control and global state. With
XPCE, we designed a system that has similar characteristics that make Prolog such a powerful tool:
dynamic typing, meta-programming and dynamic modification of the running system.

XPCE is an object-system written in the C-language. It provides for the implementation of meth-
ods in multiple languages. New XPCE classes may be defined from Prolog using a simple, natural
syntax. The body of the method is executed by Prolog itself, providing a natural interface between the
two systems. Below is a very simple class definition.

.- pce_begin_class(prolog_lister, frame,
"List Prolog predicates").

initialise(Self) :->
"As the C++ constructor":
send_super(Self, initialise, 'Prolog Lister’),
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send(Self, append, new(D, dialog)),
send(D, append,

text_item(predicate, message(Self, list, @argl))),
send(new(view), below, D).

list(Self, From:name) :->

"List predicates from specification":

( catch(term_to_atom(Term, From), _, fail)

-> get(Self, member, view, V),
current_output(Old),
pce_open(V, write, Fd),
set_output(Fd),
listing(Term),
close(Fd),
set_output(Old)

; send(Self, report, error, 'Syntax error’)

).
.- pce_end_class.

test :- send(new(prolog_lister), open).

Its 165 built-in classes deal with the meta-environment, data-representation and—of course—
graphics. The graphics classes concentrate on direct-manipulation of diagrammatic representations.

Availability. XPCE runs on most Uni% platforms, Windows 95/98/ME, Windows NT/2000/XP

and MacOS X (using X11). In the past, versions for Quintus- and SICStus Prolog as well as some
Lisp dialects have existed. After discontinuing active Lisp development at SWI the Lisp versions
have died. Active development on the Quintus and SICStus versions has been stopped due to lack of
standardisation in the the Prolog community. If adequate standards emerge we are happy to actively
support other Prolog implementations.

Info. further information is available fromttp://www.swi-prolog.org/packages/xpce/
or by E-mail toinfo@www.swi-prolog.org

1.6 Release Notes

Collected release-notes. This section only contains some highlights. Smaller changes to especially
older releases have been removed. For a complete log, see @BhdilgeLog from the distribution.

1.6.1 Version 1.8 Release Notes

Version 1.8 offers a stack-shifter to provide dynamically expanding stacks on machines that do not
offer operating-system support for implementing dynamic stacks.
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1.6.2 Version 1.9 Release Notes

Version 1.9 offers better portability including an MS-Windows 3.1 version. Changes to the Prolog
system include:

¢ Redefinition of system predicates
Redefinition of system predicates was allowed silently in older versions. Version 1.9 only allows
it if the new definition is headed by aredefine _system _predicate/1 directive.

e ‘Answer’ reuse
The toplevel maintains a table of bindings returned by toplevel goals and allows for reuse of
these bindings by prefixing the variables with the $ sign. See seztibn

e Better source code administration
Allows for proper updating of multifile predicates and finding the sources of individual clauses.

1.6.3 Version 2.0 Release Notes

New features offered:

e 32-bit Virtual Machine
Removes various limits and improves performance.

¢ Inline foreign functions
‘Simple’ foreign predicates no longer build a Prolog stack-frame, but are directly called from
the VM. Notably provides a speedup for the test predicates suehrés , etc.

e Various compatibility improvements

e Stream based I/O library
All SWI-Prolog’s 1/0 is now handled by the stream-package defined in the foreign include
file SWI-Stream.h . Physical I/O of Prolog streams may be redefined through the foreign
language interface, facilitating much simpler integration in window environments.

1.6.4 Version 2.5 Release Notes

Version 2.5 is an intermediate release on the path from 2.1 to 3.0. All changes are to the foreign-
language interface, both to user- and system-predicates implemented in the C-language. The aim
is twofold. First of all to make garbage-collection and stack-expansion (stack-shifts) possible while
foreign code is active without the C-programmer having to worry about locking and unlocking C-
variables pointing to Prolog terms. The new approach is closely compatible to the Quintus and SIC-
Stus Prolog foreign interface using thterm argument specification (see their respective manuals).
This allows for writing foreign interfaces that are easily portable over these three Prolog platforms.
Apart from various bug fixes listed in the Changelog file, these are the main changes since 2.1.0:

e ISO compatibility
Many ISO compatibility features have been addegen/4 , arithmetic functions, syntax, etc.

e Win32
Many fixes for the Win32 (NT, '95 and win32s) platforms. Notably many problems related to
pathnames and a problem in the garbage collector.
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e Performance
Many changes to the clause indexing system: added hash-tables, lazy computation of the index
information, etc.

o Portable saved-states
The predicategsave _program/[1,2] allows for the creating of machine independent
saved-states that load very quickly.

1.6.5 Version 2.6 Release Notes

Version 2.6 provides a stable implementation of the features added in the 2.5.x releases, but at the
same time implements a number of new features that may have impact on the system stability.

e 32-bit integer and double float arithmetic
The biggest change is the support for full 32-bit signed integers and raw machine-format double
precision floats. The internal data representation as well as the arithmetic instruction set and
interface to the arithmetic functions has been changed for this.

e Embedding for Win32 applications
The Win32 version has been reorganised. The Prolog kernel is now implemented as Win32 DLL
that may be embedded in C-applications. Two front ends are provided, one for window-based
operation and one to run as a Win32 console application.

e Creating stand-alone executables
Version 2.6.0 can create stand-alone executables by attaching the saved-state to the emulator.
Seegsave _program/2

1.6.6 Version 2.7 Release Notes

Version 2.7 reorganises the entire data-representation of the Prolog data itself. The aim is to remove
most of the assumption on the machine’s memory layout to improve portability in general and enable
embedding on systems where the memory layout may depend on invocation or on how the executable
is linked. The latter is notably a problem on the Win32 platforms. Porting to 64-bit architectures is
feasible now.

Furthermore, 2.7 lifts the limits on arity of predicates and number of variables in a clause consid-
erably and allow for further expansion at minimal cost.

1.6.7 Version 2.8 Release Notes

With version 2.8, we declare the data-representation changes of 2.7.x stable. Version 2.8 exploits the
changes of 2.7 to support 64-bit processors like the DEC Alpha. As of version 2.8.5, the representation
of recorded terms has changed, and terms on the heap are now represented in a compiled format. SWI-
Prolog no longer limits the use ofialloc()  or uses assumptions on the addresses returned by this
function.

1.6.8 Version 2.9 Release Notes

Version 2.9 is the next step towards version 3.0, improving ISO compliance and introducing 1ISO com-
pliant exception handling. New aeatch/3 , throw/l1 , abolish/1 |, write _term/[2,3] :
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write _canonical/[1,2] and the C-functiong’L_exception() and PL_throw() . The
predicateslisplay/[1,2] anddisplayq/[1,2] have been moved tmackcomp , so old code
referring to them will autoload them.

The interface td°L_open _query() has changed. Thedebugargument is replaced by a bitwise
or'ed flagsargument. The valueBALSE and TRUEhave their familiar meaning, making old code
using these constants compatible. Non-zero values othefMRBiE(1) will be interpreted different.

1.6.9 Version 3.0 Release Notes

Complete redesign of the saved-state mechanism, providing the possibility of ‘program resources’.
Seeresource/3 , open_resource/3 , andgsave _program/[1,2]

1.6.10 Version 3.1 Release Notes

Improvements on exception-handling. Allows relating software interrupts (signals) to exceptions,
handling signals in Prolog and C (see_signal/3  andPL_signal() ). Prolog stack overflows
now raise theesource _error exception and thus can be handled in Prolog usatgh/3

1.6.11 Version 3.3 Release Notes

Version 3.3 is a major release, changing many things internally and externally. The highlights are a
complete redesign of the high-level 1/O system, which is now based on explicit streams rather then
current input/output. The old Edinburgh predicatese(l , tell/l , etc.) are now defined on top

of this layer instead of the other way around. This fixes various internal problems and removes Prolog
limits on the number of streams.

Much progress has been made to improve 1ISO compliance: handling strings as lists of one-
character atoms is now supported (next to character codes as integers). Many more exceptions have
been added and printing of exceptions and messages is rationalised using Quintus and SICStus Pro-
log compatibleprint _message/2 , message _hook/3 andprint _message lines/3 . All
predicates descriped if ] are now implemented.

As of version 3.3, SWI-Prolog adheres the I&Qical update viewfor dynamic predicates. See
sectiord.13.1for details.

SWI-Prolog 3.3 includes garbage collection on atoms, removing the last serious memory leak
especially in text-manipulation applications. See secfi@gh2 In addition, both the user-level and
foreign interface supports atoms holdiddytes

Finally, an alpha version of a multi-threaded SWI-Prolog for Linux is added. This version is still
much slower than the single-threaded version due to frequent access to ‘thread-local-data’ as well as
some too detailed mutex locks. The basic thread API is ready for serious use and testing however. See
sections.

Incompatible changes

A number of incompatible changes result from this upgrade. They are all easily fixed however.

e /0 ,call/l
The cut now behaves according to the 1ISO standard. This implies it works in compound goals
passed taeall/l  and is local to theonditionpart of if-then-else as well as the argument of
\+/1 .
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e atom _chars/2
This predicate is now ISO compliant and thus generates a list of one-character atoms. The
behaviour of the old predicate is available in the —also 1ISO compliaatem _codes/2
predicate. Safest repair is a replacement otdm _chars into atom _codes . If you do not
want to change any souce-code, you might want to use

user:goal_expansion(atom_chars(A,B), atom_codes(A,B)).

e number _chars/2
Same applies fonumber _chars/2 andnumber _codes/2 .

o feature/2 ,set _feature/2
These are replaced by the I1SO complianturrent _prolog _flag/2 and
set _prolog _flag/2 . The library backcomp provides definitions forfeature/2
andset _feature/2 , sono sourc@asto be updated.

e Accessing command-line arguments
This used to be provided by the undocumented '$argv’/1 and Quintus compatible library
unix/1 . Now there is also documentedrrent _prolog _flag (argv, Argy.

e dup _stream/2
Has been deleted. New stream-aliases can deal with most of the problems for which
dup _stream/2 was designed andup/2 from theclib package can with most others.

. op/3
Operators are novocal to modules This implies any modification of the operator-table does
not influence other modules. This is consistent with the proposed ISO behaviour and a necessity
to have any usable handling of operators in a multi-threaded environment.

e setprolog flag(characterescapes, Bool)
This prolog flag is now an interface to changing attributes on the current source-module, effec-
tively making this flag module-local as well. This is required for consistent handling of sources
written with ISO (obligatory) character-escape sequences together with old Edinburgh code.

e current _stream/3 and streamposition
These predicates have been movedumtus

1.6.12 \Version 3.4 Release Notes

The 3.4 release is a consolidation release. It consolidates the improvements and standard conformance
of the 3.3 releases. This version is closely compatible with the 3.3 version except for one important
change:

e Argument order irselect/3
The list-processing predicaselect/3  somehow got into a very early version of SWI-Prolog
with the wrong argument order. This has been fixed in 3.4.0. The correct order is select(?Elem,
?List, ?Rest).

Asselect/3  has no error conditions, runtime checking cannot be done. To simplify debug-
ging, the library moduleheckselect  will print references teelect/3  in your source
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code and install a version of select that enters the debugger if select is called and the second
argument is not a list.

This library can be loaded explicitely or by calliepeck _old _select/0

1.6.13 Version 4.0 Release Notes

As of version 4.0 the standard distribution of SWI-Prolog is bundled with a humber of its popular
extension packages, among which the now open source XPCE GUI toolkit (see seBfiomNo
significant changes have been made to the basic SWI-Prolog engine.

Some useful tricks in the integrated environment:

e Register the GUI tracer
Using a call toguitracer/0 , hooks are installed that replace the normal command-line
driven tracer with a graphical forntend.

e Register PceEmacs for editing files
From your initialisation file. you can loagmacs/swi _prolog that causeedit/1 to use
the built-in PceEmacs editor.

1.6.14 \Version 5.0 Release Notes

Version 5.0 marks a breakpoint in the phylosophy, where SWI-Prolog moves from a dual
GPL/proprietary to a uniform LGPL (Lesser GNU Public Licence) schema, providing a widely usable
Free Source Prolog implementation.

On the technical site the development environment, consisting of source-level debugger, integrated
editor and various analysis and navigation tools progress steadily towards a mature set of tools.

Many portability issues have been improved, including a port to MacOS X (Darwin).

For details, please visit the new websiténtip://www.swi-prolog.org

1.6.15 Version 5.1 Release Notes

Version 5.1 is a beta-serie introducing portable multi-threading. See cttapberaddition it intro-
duces many new facilities to support server applications, such as théinmetv library to limit
system resources and the possibility to set timeouts on input streams.

1.6.16 Version 5.2 Release Notes

Version 5.2 consolidates the 5.1.x beta series that introduced threading and many related modifications
to the kernel.

1.6.17 Version 5.3 Release Notes

Version 5.3.x is a development series for adding coroutining, constraints, global variables, cyclic terms
(infinite trees) and other goodies to the kernel. The package JPL, providing a bidirectional Java/Prolog
interface is added to the common sourcetree and common binary packages.

1.6.18 \Version 5.4 Release Notes

Version 5.4 consolidates the 5.3.x beta series.
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1.7 Donate to the SWI-Prolog project

If you are happy with SWI-Prolog, you care it to be around for much longer while it becomes faster,
more stable and with more features you should consider to donate to the SWI-Prolog foundation.
Please visit the page below.

http://www.swi-prolog.org/donate.html
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Overview

2.1 Getting started quickly

2.1.1 Starting SWI-Prolog
Starting SWI-Prolog on Unix

By default, SWI-Prolog is installed as ‘pl’, though some administrators call it ‘swipl’ or ‘swi-prolog’.
The command-line arguments of SWI-Prolog itself and its utility programs are documented using
standard Unixnan pages. SWI-Prolog is normally operated as an interactive application simply by
starting the program:

machine% pl

Welcome to SWI-Prolog (Version 5.2.0)

Copyright (c) 1990-2003 University of Amsterdam.

SWI-Prolog comes with ABSOLUTELY NO WARRANTY. This is free software,
and you are welcome to redistribute it under certain conditions.

Please visit http://www.swi-prolog.org for details.

For help, use ?- help(Topic). or ?- apropos(Word).

1 ?-

After starting Prolog, one normally loads a program into it ugsiogsult/1 , which—for historical
reasons—may be abbreviated by putting the name of the program file between square brackets. The

following goal loads the fildikes.pl containing clauses for the predicatié®s/2

?- [likes].
% likes compiled, 0.00 sec, 596 bytes.

Yes
2-

After this point, Unix and Windows users unite, so if you are using Unix please continue at sec-
tion2.1.2

Starting SWI-Prolog on Windows

After SWI-Prolog has been installed on a Windows system, the following important new things are
available to the user:
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o A folder (calleddirectoryin the remainder of this document) callpld containing the executa-
bles, libraries, etc. of the system. No files are installed outside this directory.

e A programplwin.exe , providing a window for interaction with Prolog. The program
plcon.exe s a version of SWI-Prolog that runs in a DOS-box.

e The file-extensionpl is associated with the prograpiwin.exe . Opening apl file will
causeplwin.exe  to start, change directory to the directory in which the file-to-open resides
and load this file.

The normal way to start with thies.pl file mentioned in sectiof.1.1is by simply double-
clicking this file in the Windows explorer.

2.1.2 Executing a query

After loading a program, one can ask Prolog queries about the program. The query below asks Prolog
what food ‘sam’ likes. The system responds with= (value if it can prove the goal for a certaix

The user can type the semi-colon'(if) (s)he wants another solution, RETURNif (s)he is satisfied,

after which Prolog will sayres. If Prolog answerdo, it indicates it cannot find any (more) answers

to the query. Finally, Prolog can answer using an error message to indicate the query or program
contains an error.

?- likes(sam, X).

X = dahl ;

X = tandoori ;
X = chips ;
No

2

2.2 The user’s initialisation file

After the necessary system initialisation the system consulte(seilt/l ) the user’s startup file.

The base-name of this file follows conventions of the operating system. On MS-Windows, it is the
file pl.ini and on Unix system®plrc . The file is searched using tiiee _search _path/2

clauses fouser _profile . The table below shows the default value for this search-path.

Unix | Windows
local | . .
home | ~ %HOME®& %HOMEDRIVEY%\%HOMEPATH%Y%
global SWI-Home directory oBAWINDIR%r %SYSTEMROOT%

10n most installations, single-character commands are executed without waiting farthen key.
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After the first startup file is found it is loaded and Prolog stops looking for further startup files. The
name of the startup file can be changed with tfe ‘file * option. If File denotes an absolute path,

this file is loaded, otherwise the file is searched for using the same conventions as for the default
startup file. Finally, iffile is none, no file is loaded.

2.3 Initialisation files and goals

Using commandline arguments (see secfiof), SWI-Prolog can be forced to load files and execute
queries for initialisation purposes or non-interactive operation. The most commonly used options are
-f file or-s file to make Prolog load a fileg goal to define an initialisation goal and

-t goal to define theoplevel goal The following is a typical example for starting an application
directly from the commandline.

machine% pl -s load.pl -g go -t halt

It tells SWI-Prolog to loadoad.pl , start the application using tlemtry-pointgo/0 and —instead
of entering the interactive toplevel— exit after completg@/O . The-q may be used to supress all
informational messages.

In MS-Windows, the same can be achieved using a short-cut with appropriately defined comman-
dline arguments. A typically seen alternative is to write afile.pl  with content as illustrated
below. Double-clickingun.pl  will start the application.

;- [load]. % load program
- go. % run it
- halt. % and exit

Section2.10.2discusses further scripting options and chaftiediscusses the generation of runtime
executables. Runtime executables are a mean to deliver executables that do not require the Prolog
system.

2.4 Command line options
The full set of command line options is given below:

-help
When given as the only option, it summarises the most important options.

When given as the only option, it summarises the version and the architecture identifier.

-arch
When given as the only option, it prints the architecture identifier (see cypretug flag(arch,
Arch)) and exits. See alsdump-runtime-variables

-dump-runtime-variables
When given as the only option, it prints a sequence of variable settings that can be used in shell-
scripts to deal with Prolog parameters. This feature is also usqaldy (see sectior.?).
Below is a typical example of using this feature.
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eval ‘pl -dump-runtime-variables'
cc -I$SPLBASE/include -L$PLBASE/runtime/$PLARCH ...

-q
Set the prolog-flagerbose tosilent , supressing informational and banner messages.
-Lsize[km]
Give local stack limit (2 Mbytes default). Note that there is no space between the size option
and its argument. By default, the argument is interpreted in Kbytes. Postfixing the argument
with mcauses the argument to be interpreted in Mbytes. The following example specifies 32
Mbytes local stack.
% pl -L32m
A maximum is useful to stop buggy programs from claiming all memory resourt@s.sets
the limit to the highest possible value. See secHdry.
-Gsize[km]
Give global stack limit (4 Mbytes default). Sde for more details.
-Tsize[km]
Give trail stack limit (4 Mbytes default). This limit is relatively high because trail-stack over-
flows are not often caused by program bugs. Beéor more details.
-Asize[km]
Give argument stack limit (1 Mbytes default). The argument stack limits the maximum nesting
of terms that can be compiled and executed. SWI-Prolog does ‘last-argument optimisation’ to
avoid many deeply nested structure using this stack. Enlarging this limit is only necessary in
extreme cases. Sele for more details.
-cfile ...
Compile files into an ‘intermediate code file’. See secfiall
-0 output
Used in combination withc or-b to determine output file for compilation.
-O
Optimised compilation. Semurrent _prolog _flag/l2 flagoptimise for details.
-nodebug
Disable debugging. See tloerrent _prolog _flag/2 flaggenerate _debug _.info for
details.
-sfile

Usefile as a script-file. The script file is loaded after the initialisation file specified with the
-f file option. Unlike-f file , using-s does not stop Prolog from loading the personal
initialisation file.

SWI-Prolog 5.4 Reference Manual



2.4, COMMAND LINE OPTIONS 23

-f file
Use file as initialisation file instead of the defauplrc  (Unix) or pl.ini (Windows).
‘-f none’ stops SWI-Prolog from searching for a startup file. This option can be used as
an alternative tos file  that stops Prolog from loading the personal initialisation file. See
also sectior?.2.

-F script
Selects a startup-script from the SWI-Prolog home directory. The script-file is named
(script).rc . The defaultscript name is deduced from the executable, taking the leading al-
phanumerical characters (letters, digits and underscore) from the program-Aameone
stops looking for a script. Intended for simple management of slightly different versions.
One could for example write a scrijgo.rc  and then select ISO compatibility mode using
pl -F iso or make alink fromso-pl topl .

-g goal
Goalis executed just before entering the top level. Default is a predicate which prints the wel-

come message. The welcome message can thus be suppressed byggiving . goal can
be a complex term. In this case quotes are normally needed to protect it from being expanded
by the Unix shell.

-t goal
Usegoal as interactive toplevel instead of the default gomallog/0 . goalcan be a complex
term. If the toplevel goal succeeds SWI-Prolog exits with status 0. If it fails the exit status is
1. This flag also determines the goal startecbbgak/0 andabort/0 . If you want to stop
the user from entering interactive mode start the application wgth goal ' and give ‘halt’ as
toplevel.

-tty
Unix only. Switches controlling the terminal for allowing single-character commands to the
tracer andget _single _char/l1 . By default manipulating the terminal is enabled unless the
system detects it is not connected to a terminal or it is running as a GNU-Emacs inferior process.
This flag is sometimes required for smooth interaction with other applications.

-nosignals
Inhibit any signal handling by Prolog, a property that is sometimes desirable for embedded
applications. This option sets the flaignals tofalse . See sectio®.6.19for defails.

-X bootfile
Boot from bootfile instead of the system’s default boot file. A bootfile is a file result-
ing from a Prolog compilation using theéb or -c option or a program saved using
gsave _program/[1,2]

-p alias=pathl[:path2 ...]
Define a path alias for filsearchpath. alias is the name of the aliapathl ... is a list of
values for the alias. On Windows the list-seperatoyr .isOn other systems it is. A value
is either a term of the form alias(value) or pathname. The computed aliases are added to
file _search _path/2 usingasserta/l , so they precede predefined values for the alias.
Seefile _search _path/2 for details on using this file-location mechanism.
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Stops scanning for more arguments, so you can pass arguments for your application after this
one. Seecurrent _prolog _flag/l2 using the flagargv for obtaining the commandline
arguments.

The following options are for system maintenance. They are given for reference only.

-b initfile .. .-c file ...
Boot compilation.initfile ... are compiled by the C-written bootstrap compiféde ... by the
normal Prolog compiler. System maintenance only.

-d level
Set debug level ttevel Only has effect if the system is compiled with tHeO_DEBUGlag.
System maintenance only.

2.5 GNU Emacs Interface

The default Prolog mode for GNU-Emacs can be activated by adding the following rules to your
Emacs initialisation file:

(setqg auto-mode-alist
(append
(("\.pl" . prolog-mode))
auto-mode-alist))
(setq prolog-program-name "pl")
(setq prolog-consult-string "[user].\n")
;If you want this. Indentation is either poor or | don't use
;it as intended.
;(setq prolog-indent-width 8)

Unfortunately the default Prolog mode of GNU-Emacs is not very good.
An alternative prolog.el fle for GNU-Emacs 20 is available from
http://www.freesoft.cz/ pdm/software/emacs/prolog-mode/ and for GNU-
Emacs 19 frontttp://w1.858.telia.com/ u85810764/Prolog-mode/index.html

2.6 Online Help

Online help provides a fast lookup and browsing facility to this manual. The online manual can show
predicate definitions as well as entire sections of the manual.

The online help is displayed from the filMMANUAL’. The file helpidx provides an index
into this file. '™MANUAL'’ is created from theAIEX sources with a modified version afvitty
using overstrike for printing bold text and underlining for rendering italic text. XPCE is shipped
with swi _help , presenting the information from the online help in a hypertext window. The prolog-
flag write _help _with _overstrike controls whether or notelp/1  writes its output using
overstrike to realise bold and underlined output or not. If this prolog-flag is not set it is initialised by
the help library tarue if the TERMvariable equalsterm andfalse otherwise. If this default
does not satisfy you, add the following line to your personal startup file (see sécf)on
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.- set_prolog_flag(write_help_with_overstrike, true).

help
Equivalent tohelp(help/1)

help(+Wha)
Show specified part of the manu&i/hatis one of:

(Name/(Arity)  Give help on specified predicate

(Name Give help on named predicate with any arity or C interface
function with that name
(Section Display specified section. Section numbers are dash-

separated number&:3 refers to section 2.3 of the man-
ual. Section numbers are obtained usapgopos/1

Examples:

?- help(assert). Give help on predicate assert

?- help(3-4). Display section 3.4 of the manual

?- help(PL  _retry’). Give help on interface functioRL _retry()
See also apropos/l , and the SWI-Prolog home page at
http://www.swi-prolog.org , which provides a FAQ, an HTML version of man-

ual for online browsing and HTML and PDF versions for downloading.

apropos@Pattern)
Display all predicates, functions and sections that Hatternin their name or summary de-
scription. Lowercase letters Patternalso match a corresponding uppercase letter. Example:

?- apropos(file). Display predicates, functions and sections that have ‘file’
(or ‘File’, etc.) in their summary description.

explain(+ToExplain)
Give an explanation on the given ‘object’. The argument may be any Prolog data object. If the
argument is an atom, a term of the foName/Arityor a term of the forrModule:Name/Arity
explain will try to explain the predicate as well as possible references to it.

explain(+ToExplain, -Explanatioh
Unify Explanationwith an explanation fofoExplain Backtracking yields further explanations.

2.7 Query Substitutions

SWI-Prolog offers a query substitution mechanism similar to that of Unix csh (csh(1)), called ‘his-
tory’. The availability of this feature is controlled set _prolog _flag/2 , using thehistory
prolog-flag. By default, history is available if the prolog-fleepdline  is false . To enable this
feature, remembering the last 50 commands, put the following into your startup file (see &&ttion

.- set_prolog_flag(history, 50).
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I Repeat last query

Inr. Repeat query numberédr)

Istr. Repeat last query starting witlstr)
I?str. Repeat last query holdingtr)
“old"new. Substitute(old) into (new in last query
Inr"old"new. Substitute in query numberédr)
Istr"old"new. Substitute in query starting wit{str)
I?str"old new. Substitute in query holdingstr)

h. Show history list

Ih. Show this list

Table 2.1: History commands

The history system allows the user to compose new queries from those typed before and remembered
by the system. It also allows to correct queries and syntax errors. SWI-Prolog does not offer the
Unix csh capabilities to include arguments. This is omitted as it is unclear how the first, second, etc.
argument should be definéd.

The available history commands are shown in t&ble

2.7.1 Limitations of the History System

History expansion is executed aftaw-reading This is the first stage okad _term/2 and friends,
reading the term into a string while deleting comment and canonising blank. This makes it hard to use
it for correcting syntax errors. Command-line editing as provided using the GNU-readline library is
more suitable for this. History expansion is first of all useful for executing or combining commands
from long ago.

2.8 Reuse of toplevel bindings

Bindings resulting from the successful execution of a toplevel goal are asserted in a database. These
values may be reused in further toplevel queries as $Var. Only the latest binding is available. Example:
Note that variables may be set by executwig :

6 ?- X = statistics.
X = statistics

Yes

7 ?- $X.

28.00 seconds cpu time for 183,128 inferences

4,016 atoms, 1,904 functors, 2,042 predicates, 52 modules
55,915 byte codes; 11,239 external references

20ne could choose words, defining words as a sequence of alpha-numeric characters and the word separators as anything
else, but one could also choose Prolog arguments
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1 ?- maplist(plus(1), "hello", X).

X = [105,102,109,109,112]

Yes
2 ?- format("sn’, [$X]).
ifmmp
Yes
3 ?-

Figure 2.1: Reusing toplevel bindings

Limit Allocated In use
Heap : 624,820 Bytes
Local stack : 2,048,000 8,192 404 Bytes
Global stack : 4,096,000 16,384 968 Bytes
Trail stack : 4,096,000 8,192 432 Bytes
Yes
8 ?-

2.9 Overview of the Debugger

SWI-Prolog has a 6-port tracer, extending the standard 4-port tracerk Twith

two additional ports. The optionahify port allows the user to inspect the result after unification of
the head. Thexceptiorport shows exceptions raised thyow/1 or one of the built-in predicates.
See sectiod.9.

The standard ports are calledll ,exit ,redo ,fail andunify . The tracer is started by the
trace/l0 command, when a spy point is reached and the system is in debugging modpydee
anddebug/0 ) or when an exception is raised.

The interactive toplevel goarace/0 means “trace the next query”. The tracer shows
the port, displaying the port name, the current depth of the recursion and the goal. The goal
is printed using the Prolog predicaterite _term/2 . The style is defined by the prolog-flag
debugger _print _options and can be modified using this flag or using thep andd com-
mands of the tracer.

Onleashed portgset with the predicatleash/1 , default arecall , exit , redo andfail )
the user is prompted for an action. All actions are single character commands which are executed
without waiting for a return, unless the command line optitip  is active. Tracer options:

+ (Spy)
Set a spy point (sespy/1 ) on the current predicate.

- (No spy)
Remove the spy point (semspy/1 ) from the current predicate.
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1 ?- visible(+all), leash(-exit).

Yes

2 ?- trace, min([3, 2], X).
Call: ( 3) min([3, 2], G235) ? creep
Unify: ( 3) min([3, 2], G235)
Call: ( 4) min([2], G244) ? creep
Unify: ( 4) min([2], 2)
Exit:  ( 4) min([2], 2)
Call: ( 4) min(3, 2, G235) ? creep
Unify: ( 4) min(3, 2, G235)
Call: (5) 3 <2 ? creep
Fail: (5 3 <2 ? creep
Redo: ( 4) min(3, 2, G235) ? creep
Exit:  ( 4) min(3, 2, 2)
Exit:  ( 3) min([3, 2], 2)

Yes
[trace] 3 ?-
Figure 2.2: Example trace
/' (Find)
Search for a port. After the ‘/’, the user can enter a line to specify the port to search for. This
line consists of a set of letters indicating the port type, followed by an optional term, that should
unify with the goal run by the port. If no term is specified it is taken as a variable, searching for
any port of the specified type. If an atom is given, any goal whose functor has a nhame equal to
that atom matches. Examples:
If Search for any fail port
[fe solve Search for a fail or exit port of any goal with name
solve
/c solve(a, ) Search for a call to solve/2 whose first argument
is a variable or the atora
fa member( _, ) Searchforany port omember/2 . This is equiv-
alent to setting a spy point anember/2 .
. (Repeat find)
Repeat the last find command (see ‘/").
A (Alternatives)
Show all goals that have alternatives.
C (Context)

Toggle ‘Show Context’. Ifon the context module of the goal is displayed between square
brackets (see sectid). Default isoff .
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L (Listing)
List the current predicate witlsting/1

a (Abort)
Abort Prolog execution (sesbort/0 ).

b (Break)
Enter a Prolog break environment (d@eak/0 ).

¢ (Creep)
Continue execution, stop at next port. (Also return, space).

d (Display)
Set themax_ depth (Depth option of debugger _print _options , limiting the depth to
which terms are printed. See also thandp options.

e (Exit)
Terminate Prolog (selalt/0 ).

f (Fail)
Force failure of the current goal.

g (Goals)
Show the list of parent goals (the execution stack). Note that due to tail recursion optimization
a number of parent goals might not exist any more.

h (Help)
Show available options (also ‘?’).

i (Ignore)
Ignore the current goal, pretending it succeeded.

| (Leap)
Continue execution, stop at next spy point.

n (No debug)
Continue execution in ‘no debug’ mode.

p (Print)
Set the prolog-flag debugger _print _options to  [quoted(true),
portray(true), max _depth(10)] . This is the default.

r (Retry)

Undo all actions (except for database and i/o actions) back to the call port of the current goal
and resume execution at the call port.

s (Skip)
Continue execution, stop at the next porthit goal (thus skipping all calls to children of this
goal).

u (Up)
Continue execution, stop at the next porttieé parent goal (thus skipping this goal and all
calls to children of this goal). This option is useful to stop tracing a failure driven loop.
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w (Write)
Set the prolog-flagdebugger _print _options to [quoted(true)] , bypassing
portray/l , etc.

The ideal 4 port model as described in many Prolog booksd Tis not vis-
ible in many Prolog implementations because code optimisation removes part of the choice- and
exit-points. Backtrack points are not shown if either the goal succeeded deterministically or its alter-
natives were removed using the cut. When running in debug nuzbi/0 ) choice points are only
destroyed when removed by the cut. In debug mode, tail recursion optimisation is switched off.
Reference information to all predicates available for manipulating the debugger is in ge8fion

2.10 Compilation

2.10.1 During program development

During program development, programs are normally loaded ugingult/1 , or the list abbre-
viation. It is common practice to organise a project as a collection of source-filesland-fle, a
Prolog file containing onlyise _module/[1,2] orensure _loaded/1 directives, possibly with

a definition of theentry-pointof the program, the predicate that is normally used to start the program.
This file is often calledoad.pl . If the entry-point is calledjo, a typical session starts as:

% pl
<banner>

1 ?- [load].
<compilation messages>

Yes
2 ?- go.
<program interaction>

When using Windows, the user may odead.pl  from the Windows explorer, which will cause
plwin.exe to be started in the directory holditead.pl . Prolog load$oad.pl  before entering
the toplevel.

2.10.2 For running the result

There are various options if you want to make your program ready for real usage. The best choice
depends on whether the program is to be used only on machines holding the SWI-Prolog development
system, the size of the program and the operating system (Unix vs. Windows).

Using PrologScript

New in version 4.0.5 is the possibility to use a Prolog source file directly as a Unix script-file. the
same mechanism is useful to specify additional parameters for running a Prolog file on Windows.

3This implies the system can run out of local stack in debug mode, while no problems arise when running in non-debug
mode.
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If the first letter of a Prolog file i#, the first line is treated as comménto create a Prolog script,
make the first line start like this:

#!/path/to/pl (options -s

Prolog recognises this starting sequence and causes the interpreter to receive the following
argument-list:

/path/to/pl (optiong -s (script) -- (ScriptArguments

Instead ofs , the user may usé to stop Prolog from looking for a personal initialisation file.
Here is a simple script doing expression evaluation:

#!/usr/bin/pl -q -t main -f

eval :-
current_prolog_flag(argv, Argv),
append(_, [--|Args], Argv),
concat_atom(Args, ' ', SingleArg),
term_to_atom(Term, SingleArg),
Val is Term,
format("w™n’, [Val]).

main :-
catch(eval, E, (print_message(error, E), fail)),
halt.

main :-
halt(1).

And here are two example runs:

% eval 1+2

3

% eval foo

ERROR: Arithmetic: ‘foo/0’ is not a function
%

The Windows version supports thet! construct too, but here it serves a rather different role. The
Windows shell already allows the user to start Prolog source-files directly through the Windows file-
type association. Windows however makes it rather complicated to provide additional parameters,
such as the required stack-size for an individual Prolog file.#Théne provides for this, providing a

more flexible approach then changing the global defaults. The following starts Prolog with unlimited
stack-size on the given source-file:

4The#-sign can be the legal start of a normal Prolog clause. In the unlikely case this is required, leave the first line blank
or add a header-comment.
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#/usr/bin/pl -LO -TO -GO -s

Note the use ofusr/bin/pl , which specifies the interpreter. This argument is ignored in the
Windows version, but required to ensure best cross-platform compatibility.

Creating a shell-script

With the introduction ofPrologScript(see sectior2.10.2, using shell-scripts as explained in this
section has become redundant for most applications.

Especially on Unix systems and not-too-large applications, writing a shell-script that simply loads
your application and calls the entry-point is often a good choice. A skeleton for the script is given
below, followed by the Prolog code to obtain the program arguments.

#!/bin/sh

base=<absolute-path-to-source>
PL=pl

exec $PL -f none -g "load_files(['$base/load’],[silent(true)])" \
-t go - $*

go :-
current_prolog_flag(argv, Arguments),
append(_SytemArgs, [--|Args], Arguments), !,
go(Args).

go(Args) :-

On Windows systems, similar behaviour can be achieved by creating a shortcut to Prolog, passing the
proper options or writing abat file.

Creating a saved-state

For larger programs, as well as for programs that are required to run on systems that do not have the
SWI-Prolog development system installed, creating a saved state is the best solution. A saved state is
created usingsave _program/[1,2] or using the linker plld(1). A saved state is a file containing
machine-independent intermediate code in a format dedicated for fast loading. Optionally, the emu-
lator may be integrated in the saved state, creating a single-file, but machine-dependent, executable.
This process is described in chapiér

Compilation using the -c commandline option

This mechanism loads a series of Prolog source files and then creates a saved-state as
gsave _program/2 does. The command syntax is:
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% pl

[option ...] [0 output] -c file ...

The optionsargument are options gsave _program/2  written in the format below. The option-
names and their values are described \gghve _program/2

-- option-nameoption-value

For example, to create a stand-alone executable that starts by exeoaim@ and for which
the source is loaded throudad.pl , use the command

% pl

--goal=main --stand_alone=true -0 myprog -c load.pl

This performs exactly the same as executing

% pl

<banner>
?- [load].
?- gsave_program(myprog,

[ goal(main),
stand_alone(true)

D

?- halt.

2.11 Environment Control (Prolog flags)

The predicatesurrent _prolog _flag/2 andset _prolog _flag/2 allow the user to examine

and modify the execution environment. It provides access to whether optional features are available
on this version, operating system, foreign-code environment, command-line arguments, version, as
well as runtime flags to control the runtime behaviour of certain predicates to achieve compatibility
with other Prolog environments.

current_prolog_flag(?Key, -Valug

The predicatecurrent  _prolog _flag/l2  defines an interface to installation features: op-
tions compiled in, version, home, etc. With both arguments unbound, it will generate all defined
prolog-flags. With the ‘Key’ instantiated it unify the value of the prolog-flag. Features come
in three types: boolean prolog-flags, prolog-flags with an atom value and prolog-flags with an
integer value. A boolean prolog-flag is true iff the prolog-flag is presedtthe Valueis the
atomtrue . Currently defined keys in alphabetical order:

abort_with _exception(bool, changeable)
Determines hovabort/0 s realised. See the descriptionaifort/0  for details.

agcmargin (integer, changeable)
If this amount of atoms has been created since the last atom-garbage collection, perform
atom garbage collection at the first opportunity. Initial value is 10,000. May be changed.
A value of 0 (zero) disables atom garbage collection. SeeRilsegister _atom() .
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allow_variable_name as functor (bool, changeable)
If true (default is false)i-unctor(arg) is read as if it was writtetiFunctor’(arg)
Some applications use the Prologad/1 predicate for reading an application defined
script language. In these cases, it is often difficult to explain to non-Prolog users of the
application that constants and functions can only start with a lowercase letter. Variables
can be turned into atoms starting with an uppercase atom by cedity_term/2  using
the optionvariable _names and binding the variables to their name. Using this feature,
F(x) can be turned into valid syntax for such script languages. Suggested by Robert van
Engelen. SWI-Prolog specific.

argv (list)
List is a list of atoms representing the command-line arguments used to invoke SWI-
Prolog. Please note thall arguments are included in the list returned.

arch (atom)
Identifier for the hardware and operating system SWI-Prolog is running on. Used to select
foreign files for the right architecture. See also secfighandfile _search _path/2

associatgatom, changeable)
On Windows systems, this is set to the filename-extensionge.gr pro associated with
plwin.exe

autoload (bool, changeable)
If true (default) autoloading of library functions is enabled. See se&idf

backquoted string (bool, changeable)
If true (defaultfalse ), read translates text between backquotes into a string object (see
section4.23. This flag is mainly for compatibility to LPA Prolog.

bounded (true)
ISO prolog-flag describing integer representation is boundntg _integer  and
min _integer

c_cc (atom)
Name of the C-compiler used to compile SWI-Prolog. Normally either gcc or cc. See
section9.7.

c_ldflags (atom)
Special linker flags passed to link SWI-Prolog. See sediadn

c_libs (atom)
Libraries passed to the C-linker when SWI-Prolog was linked. May be used to determine
the libraries needed to create statically linked extensions for SWI-Prolog. See $:¢tion

char_conversion(bool, changeable)
Determines whether character-conversion takes place while reading terms. See also
char _conversion/2

character_escapegbool, changeable)
If true (default),read/1 interprets\ escape sequences in quoted atoms and strings.
May be changed. This flag is local to the module in which it is changed.

compiled_at (atom)
Describes when the system has been compiled. Only available if the C-compiler used to
compile SWI-Prolog provides theDATE__ and__TIME__ macros.
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consolemenu (bool)
Set totrue in plwin.exe to indicate the console supports menus. See also sec-
tion 4.35.2

dde (bool)
Set totrue if this instance of Prolog supports DDE as described in sectiéa

debug(bool, changeable)
Switch debugging mode on/off. If debug mode is activated the system traps encountered
spy-points (sespy/1 ) and trace-points (sdeace/l ). In addition, tail-recursion op-
timisation is disabled and the system is more conservative in destroying choice-points to
simplify debugging.
Disabling these optimisations can cause the system to run out of memory on programs
that behave correctly if debug mode is off.

debugon_error (bool, changeable)
If true , start the tracer after an error is detected. Otherwise just continue execution. The
goal that raised the error will normally fail. See afgeerrors/2 and the prolog-flag
report _error . May be changed. Defaulttsue , except for the runtime version.

debugger print _options (term, changeable)
This argument is given as option-list torite _term/2 for printing goals by the
debugger. Modified by the ‘w’, ‘p’ and(N) d’ commands of the debugger. Default is
[quoted(true), portray(true), max _depth(10), attributes(portray)]

debuggershow._context (bool, changeable)
If true , show the context module while printing a stack-frame in the tracer. Normally
controlled using the ‘C’ option of the tracer.

double_quotes(codes,chars,atom,string, changeable)
This flag determines how double-quotes strings are read by Prolog and is —like charac-
ter_escapes— maintained for each modulecdfles (default), a list of character-codes
is returned, ifchars a list of one-character atoms,dfom double quotes are the same
as single-quotes and finalgtring  reads the text into a Prolog string (see sectidtd.
See als@atom _chars/2 andatom _codes/2 .

dynamic_stacks(bool)
If true , the system uses some form of ‘sparse-memory management’ to realise the stacks.
If false, malloc()/realloc() are used for the stacks. In earlier days this had consequenses
for foreign code. As of version 2.5, this is no longer the case.

Systems using ‘sparse-memory management’ are a bit faster as there is no stack-shifter,
and checking the stack-boundary is often realised by the hardware using a ‘guard-page’.
Also, memory is actually returned to the system after a garbage collection or call to
trim _stacks/O (called byprolog/0  after finishing a user-query).

editor (atom, changeable)
Determines the editor used kdit/1 . See sectiod.4for details on selecting the editor
used.

emacsinferior _process(bool)
If true, SWI-Prolog is running as ainferior processof (GNU/X-)Emacs. SWI-Prolog
assumes this is the case if the environment variBBACSst andINFERIOR isyes .
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executable(atom)
Path-name of the running executable. Usedjbgve _program/2 as default emulator.

file_name.variables (bool, changeable)
If true (defaultfalse ), expand$varname and”™ in arguments of builtin-predicates
that accept a file namegpen/3 , exists _file/l ,access _file/2 ,etc.). The pred-
icateexpand _file _name/2 should be used to expand environment variables and wild-
card patterns. This prolog-flag is intended for backward compatibility with older versions
of SWI-Prolog.

float_format (atom, changeable)
C-library printf() format specification used hyrite/1  and friends to determine how
floating point numbers are printed. The defaultég The specified value is passed to
printf() without further checking. For example, if you want more digits pringédl2g
will print all floats using 12 digits instead of the default 6.

When using quoted-write, the output is guaranteed to contain a decimal dot or ex-
ponent, soread/l1 reads a floating point number. See alfwmat/[1,2] ,
write _term/[2,3]

gc (bool, changeable)
If true (default), the garbage collector is active. If false, neither garbage-collection, nor
stack-shifts will take place, even not on explicit request. May be changed.

generatedebug.info (bool, changeable)
If true (default) generate code that can be debugged usiicg/0 |, spy/l , etc. Can
be settdalse using thenodebug . The predicatéoad _files/2 restores the value
of this flag after loading a file, causing modifications to be local to a source-file. Many of
the libraries have- set_prolog_flag(generate_debug_info, false) to
hide their details from a normal trace.

gui (bool)
Set totrue if XPCE is around and can be used for graphics.

history (integer, changeable)
If integer> 0, support Unixcsh(1) like history as described in secti@n?. Otherwise,
only support reusing commands through the commandline editor. The default is to set this
prolog-flag to 0 if a commandline editor is provided (see prolog4ftegiline ) and 15
otherwise.

home (atom)
SWI-Prolog’s notion of the home-directory. SWI-Prolog uses it's home directory to find
its startup file ashome/boot32.prc (32-bit machines) okhome/boot64.prc
(64-bit machines) and to find its library dsomé/library

hwnd (integer)
In plwin.exe , this refers to the MS-Windows window-handle of the console window.
integer_rounding _function (down,towardzero)

ISO prolog-flag describing rounding 8 andrem arithmetic functions. Value depends
on the C-compiler used.

5In the current implementation this only causes a flag to be set on the predicate that causes children to be hidden from

the debugger. The name anticipates on anticipated changes to the compiler.
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iso (bool, changeable)
Include some weird ISO compatibility that is incompatible to normal SWI-Prolog be-
haviour. Currently it has the following effect:

e is/2 and evaluation unddtag/3  do not automatically convert floats to integers
if the float represents an integer.

e The//2 (float division)alwaysreturn a float, even if applied to integers that can be
divided.

¢ In the standard order of terms (see sectidh]), all floats are before all integers.

e atom _length/2  vyields an instantiation error if the first argument is a number.

e clause/[2,3] raises a permission error when accessing static predicates.

e abolish/[1,2] raises a permission error when accessing static predicates.

large_files (bool)
If true, SWI-Prolog has been compiled witirge file support(LFS) and is capable to
access files larger than 2GB on 32-bit hardware. Large file-support is default on installa-
tions built usingconfigure  that support it and may be switched off using the configure
option--disable-largefile 5

max_arity (unbounded)
ISO prolog-flag describing there is no maximum arity to compound terms.

max_integer (integer)
Maximum integer value. Most arithmetic operations will automatically convert to floats if
integer values above this are returned.

max_tagged.integer (integer)
Maximum integer value represented as a ‘tagged’ value. Tagged integers require 4-bytes
storage and are used for indexing. Larger integers are represented as ‘indirect data’ and
require 16-bytes on the stacks (though a copy requires only 4 additional bytes).

min_integer (integer)

Minimum integer value.
min_tagged.integer (integer)

Start of the tagged-integer value range.
open.shared.object (bool)

If true, open _shared _object/2  and friends are implemented, providing access to
shared libraries.$6o files) or dynamic link libraries.DLL files).

optimise (bool, changeable)
If true , compile in optimised mode. The initial valuetisie if Prolog was started with
the-O commandline option.
Currently optimise compilation implies compilation of arithmetic, and deletion of redun-
danttrue/0 that may result fronexpand _goal/2
Later versions might imply various other optimisations such as integrating small predi-
cates into their callers, eliminating constant expressions and other predictable constructs.
Source code optimisation is never applied to predicates that are declared dynamic (see
dynamic/1l ).

5BUG: As SWI-Prolog integers are 32-bits, SWI-Prolog cannot represent offsets in large files. Therefore, calls involving
file sizes or offsets do not work properly.

SWI-Prolog 5.4 Reference Manual



38 CHAPTER 2. OVERVIEW

pid (int)
Process identifier of the running Prolog process. Existence of this flag is implementation
dependent.

pipe (bool, changeable)
If true, open(pipe(command), mode, Stream) , etc. are supported. Can be
changed to disable the use of pipes in applications testing this feature. Not recommended.

readline (bool)
If true, SWI-Prolog is linked with the readline library. This is done by default if you have
this library installed on your system. It is also true for the Win32 plwin.exe version of
SWiI-Prolog, which realises a subset of the readline functionality.

resource database(atom)
Set to the absolute-filename of the attached state. Typically this is th®6i82.prc
the file specified withx or the running executable. See atssource/3

report_error (bool, changeable)
If true , print error messages, otherwise suppress them. May be changed. See also the
debug _on _error prolog-flag. Default igrue , except for the runtime version.

runtime (bool)
If true, SWI-Prolog is compiled with -DARUNTIME, disabling various useful develop-
ment features (currently the tracer and profiler).

savedprogram (bool)
If true, Prolog is started from a state saved vgjfave _program/[1,2]

shared object_extension(atom)
Extension used by the operating system for shared objesats.for most Unix systems
and.dll  for Windows. Used for locating files using tliéie _type executable
See als@bsolute _file _name/3.

signals(bool)
Determine whether Prolog is handling signals (software interrupts). This flag is
false if the hosting OS does not support signal handling or the command-line option
-nosignals  is active. See sectioh6.19for details.

systemthread_id (int)
On MT systems (sectiod, refers to the thread-identifier used by the system for the calling
thread. See alsiread _self/1

tail _recursion_optimisation (bool, changeable)
Determines whether or not tail-recursion optimisation is enabled. Normally the value of
this flag is equal to theebug flag. As programs may run out of stack if tail-recursion
optimisation is omitted, it is sometimes necessary to enable it during debugging.

toplevel print _anon (bool, changeable)
If true , toplevel variables starting with an underscajeafe printed normally. Ifalse
they are hidden. This may be used to hide bindings in complex queries from the toplevel.

toplevel print _options (term, changeable)
This argument is given as option-list tarite _term/2  for printing results of queries.
Defaultis[quoted(true), portray(true), max _depth(10), attributes(portray)]

SWI-Prolog 5.4 Reference Manual



2.11. ENVIRONMENT CONTROL (PROLOG FLAGS) 39

toplevelvar _size(int, changeable)
Maximum size counted in literals of a term returned as a binding for a variable in a toplevel
query that is saved for re-use using theariable reference. See sectid.

trace_gc (bool, changeable)
If true (false is the default), garbage collections and stack-shifts will be reported on the
terminal. May be changed.

tty _control (bool)
Determines whether the terminal is switched to raw modegtdr _single _char/l ,
which also reads the user-actions for the trace. May be set. See alsé-ttye
command-line option.

unix (bool)
If true , the operating system is some version of Unix. Defined if the C-compiler used to
compile this version of SWI-Prolog either definesunix__ orunix . On other systems
this flag is not available.

unknown (fail,warning,error, changeable)
Determines the behaviour if an undefined procedure is encounteréall If, the pred-
icates fails silently. Ifwarn, a warning is printed, and execution continues as if the
predicate was not defined andeifror  (default), anexistence _error exception is
raised. This flag is local to each module.

verbose(Atom, changeable)
This flags is used byprint _message/2 . If its value issilent , messages of type
informational andbanner are supressed. Thg switches the value from the initial
normal to silent

verboseautoload (bool, changeable)
If true the normal consult message will be printed if a library is autoloaded. By default
this message is suppressed. Intended to be used for debugging purposes.

verbosefile_search(bool, changeable)
If true (default false ), print messages indicating the progress of
absolute _file _name/[2,3] in locating files. Intended for debugging com-
plicated file-search paths. See alé® _search _path/2

version (integer)
The version identifier is an integer with value:

10000 x Major + 100 x Minor + Patch

Note that in releases up to 2.7.10 this prolog-flag yielded an atom holding the three
numbers separated by dots. The current representation is much easier for implementing
version-conditional statements.

windows (bool)
If true , the operating system is an implementation of Microsoft Windows (3.1,
95/98/ME, NT/2000/XP, etc.). This flag is only available on MS-Windows based versions.

write _attributes (atom, changeable)
Defines howwrite/1  an friends write attributed variables. The option values are de-
scribed with theattributes option ofwrite _term/3 . Default isignore
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write _help_with _overstrike (bool)
Internal flag used byelp/1  when writing to a terminal. Itrue it prints bold and
underlined text usingverstrike
xpce (bool)
Set totrue if the XPCE graphics system is loaded.
Xpce.version (atom)
Set to the version of the loaded XPCE system.

setprolog_flag(+Key, +Valug

Define a new prolog-flag or change its valu&ey is an atom. If the flag is a system-
defined flag that is not markechangeableabove, an attempt to modify the flag yields
a permission _error . If the providedValue does not match the type of the flag, a
type _error s raised.

In addition to 1SO, SWI-Prolog allows for user-defined prolog flags. The type of the flag is
determined from the initial value and cannot be changed afterwards.

2.12 An overview of hook predicates

SWI-Prolog provides a large number of hooks, mainly to control handling messages, debugging,
startup, shut-down, macro-expansion, etc. Below is a summary of all defined hooks with an indication
of their portability.

portray/1
Hook intowrite _term/3 to alter the way terms are printed (ISO).

message _hook/3
Hook into print _message/2 to alter the way system messages are printed (Quin-
tus/SICStus).

library  _directory/l
Hook intoabsolute _file _name/3 to define new library directories. (most Prolog system).

file _search _path/2
Hook intoabsolute _file _name/3 to define new search-paths (Quintus/SICStus).

term _expansion/2
Hook intoload _files/1 to modify read terms before they are compiled (macro-processing)
(most Prolog system).

goal _expansion/2
Same aserm _expansion/2  for individual goals (SICStus).

prolog _load file/2

Hook intoload _files/2 to load other data-formats for Prolog sources from ‘non-file’ re-
sources. Thdoad _files/2 predicate is the ancestor obnsult/l , use _module/1 ,
etc.

prolog _edit:locate/3
Hook intoedit/1  to locate objects (SWI).
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e prolog _edit:edit _source/1
Hook intoedit/1  to call some internal editor (SWI).

e prolog _edit:edit _command/2
Hook intoedit/1  to define the external editor to use (SWI).

e prolog list _goal/l
Hook into the tracer to list the code associated to a particular goal (SWI).

e prolog _trace _interception/4
Hook into the tracer to handle trace-events (SWI).

e prolog:debug _control _hook/1
Hook in spy/1l , nospy/l , nospyall/O and debugging/0  to extend these control-
predicates to higher-level libraries.

e prolog:help  _hook/1
Hook inhelp/0 , help/l andapropos/l to extend the help-system.

e resource/3
Defines a new resource (not really a hook, but similar) (SWI).

e exception/3
Old attempt to a generic hook mechanism. Handles undefined predicates (SWI).

e attr _unify _hook/2
Unification hook for attributed variables. Can be defined in any module. See séctitor
details.

2.13 Automatic loading of libraries

If —at runtime— an undefined predicate is trapped the system will first try to import the predicate
from the module’s default module. If this fails tleito loaderis activated. On first activation an
index to all library files in all library directories is loaded in core (d$beary  _directory/1

and file _search _path/2 ). If the undefined predicate can be located in the one of the li-
braries that library file is automatically loaded and the call to the (previously undefined) predicate
is restarted. By default this mechanism loads the file silently. dureent _prolog _flag/2

verbose _autoload is provided to get verbose loading. The prolog-ftagoload can be used

to enable/disable the entire auto load system.

The auto-loader only works if the unknown flag (se&nown/2 ) is set totrace (default). A
more appropriate interaction with this flag should be considered.

Autoloading only handles (library) source files that use the module mechanism described in chap-
ter 5. The files are loaded withse _-module/2 and only the trapped undefined predicate will be
imported to the module where the undefined predicate was called. Each library directory must hold a
file INDEX.pl that contains an index to all library files in the directory. This file consists of lines of
the following format:

index(Name, Arity, Module, File).
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The predicatemake/0 updates the autoload index. It searches for all library directories
(seelibrary  _directory/1 andfile _search _path/2 ) holding the file MKINDEX.pl or
INDEX.pl . If the current user can write or create the fikDEX.pl and it does not exist or
is older than the directory or one of its files, the index for this directory is updated. If the file
MKINDEX.pl exists updating is achieved by loading this file, normally containing a directive calling
make_library  _index/2 . Otherwisemake_library  _index/1 is called, creating an index for
all *.pl  files containing a module.

Below is an example creating a completely indexed library directory.

% mkdir “/lib/prolog
% cd '$
% pl -g true -t 'make_library_index(.)’

If there are more than one library files containing the desired predicate the following search schema
is followed:

1. If there is a library file that defines the module in which the undefined predicate is trapped, this
file is used.

2. Otherwise library files are considered in the order they appear libtlagy ~ _directory/1
predicate and within the directory alphabetically.

make_library _index(+Directory)
Create an index for this directory. The index is written to the file 'INDEX.pl" in the specified
directory. Fails with a warning if the directory does not exist or is write protected.

make_library _index(+Directory, +ListOfPattern3
Normally used inMKINDEX.pl , this predicate creatédsIDEX.pl for Directory, indexing all
files that match one of the file-patternslistOfPatterns

Sometimes library packages consist of one public load file and a number of files used by this
load-file, exporting predicates that should not be used directly by the end-user. Such a library
can be placed in a sub-directory of the library and the files containing public functionality can
be added to the index of the library. As an example we give the XPCE librisiigiSNNDEX.pl ,
including the public functionality ofrace/browse.pl to the autoloadable predicates for

the XPCE package.

- make_library_index(’.,
[ ™pl,
'trace/browse.pl’
)2

reload_library _index
Force reloading the index after modifying the set of library directories by changing the rules for
library  _directory/2 , file _search _path/2 , adding or deletingdNDEX.pl files.
This predicate doesot update theNDEX.pl files. Checkmake_library  _index/[1,2]
andmake/0 for updating the index files.

Normally, the index is reloaded automatically if a predicate cannot be found in the index and
the set of library directories has changed. Usielgad _library  _index/0 is necessary if
directories are removed or the order of the library directories is changed.
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2.14 Garbage Collection

SWI-Prolog provides garbage-collection, last-call optimization and atom garbage collection. These
features are controlled using prolog flags (segent _prolog _flag/2 ).

2.15 Syntax Notes

SWI-Prolog uses standard ‘Edinburgh’ syntax. A description of this syntax can be found in the Prolog
books referenced in the introduction. Below are some non-standard or non-common constructs that
are accepted by SWI-Prolog:

e 0’ (char)
This construct is not accepted by all Prolog systems that claim to have Edinburgh compatible
syntax. It describes the character codédfar). To test whethe€is a lower case character
one can uséetween(0’'a, 0'z, C)

o [* .I* K ¥
Thel* ..*/ comment statement can be nested. This is useful if some cod& with/
comment statements in it should be commented out.

2.15.1 1SO Syntax Support

SWI-Prolog offers ISO compatible extensions to the Edinburgh syntax.

Processor Character Set

The processor character set specifies the class of each character used for parsing Prolog source text.
The character classes are compatible to the 1SO-latin-1 character sestylédhe check/1 flag

charset can be used to provide warnings on the use of unquoted variables and atoms holding non-
ASCII characters.

Character Escape Syntax

Within quoted atoms (using single quotégatom)’ special characters are represented using escape-
sequences. An escape sequence is lead in by the backsjagtatacter. The list of escape sequences

is compatible with the ISO standard, but contains one extension and the interpretation of numerically
specified characters is slightly more flexible to improve compatibility.

\a

Alert character. Normally the ASCII character 7 (beep).
\b

Backspace character.
\c

No output. All input characters up to but not including the first non-layout character are skipped.
This allows for the specification of pretty-looking long lines. For compatibility with Quintus
Prolog. Not supported by ISO. Example:
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format('This is a long line that would look better if it was \c
split across multiple physical lines in the input’)

\ (RETURN)
No output. Skips input till the next non-layout character or to the end of the next line. Same
intention asc but ISO compatible.

\ f
Form-feed character.

\n
Next-line character.

\r
Carriage-return only (i.e. go back to the start of the line).

\'t
Horizontal tab-character.

\v
Vertical tab-character (ASCII 11).

\ x23
Hexadecimal specification of a charact2B is just an example. The ‘X’ may be followed by
a maximum of 2 hexadecimal digits. The closings optional. The cod&a\3 emits the
character 10 (hexadecimal ‘a’) followed by ‘3’. The coa@01 emits 32 (hexadecimal ‘20’)
followed by ‘1’. According to ISO, the closing is obligatory and the number of digits is un-
limited. The SWI-Prolog definition allows for ISO compatible specification, but is compatible
with other implementations.

\ 40

Octal character specification. The rules and remarks for hexadecimal specifications apply to
octal specifications too, but the maximum allowed number of octal digits is 3.

\ (charactep
Any character immediately preceded by and not covered by the above escape sequences is
copied verbatim. Thus)\' is an atom consisting of a singleand’\” and”” both
describe the atom with a single

Character escaping is only available if therent _prolog _flag(character _escapes, true)
is active (default). Seeurrent _prolog _flag/2 . Character escapes conflict wikhitef/2 in
two ways:\40 is interpreted as decimal 40 byritef/2 |, but character escapes handling by read
has already interpreted as 32 (40 octal). Ako,is translated to a single ‘I'. It is advised to use the
more widely supportedormat/[2,3] predicate instead. If you insist upon usingitef/2
either switchcharacter _escapes tofalse |, oruse doubl&\ , as inwritef(\\I')
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Syntax for non-decimal numbers

SWiI-Prolog implements both Edinburgh and ISO representations for non-decimal numbers. Accord-
ing to Edinburgh syntax, such numbers are writterfradix)’ (numbej, where(radix) is a number
between 2 and 36. ISO defines binary, octal and hexadecimal number{swd (numbejy. For
example:A is 0b100 V 0xf0O0 is a valid expression. Such numbers are always unsigned.

2.16 Infinite trees (cyclic terms)

SWI-Prolog has limited support for infinite trees, also known as cyclic terms. Full support re-
quires special code in all builtin predicates that require recursive exploration of a term. The
current version supports cycles terms in the pure Prolog kernel including the garbage collec-
tor and in the following predicates=/2 , ==/2 , \==/2 , \=/2 , =@=/2, \=@=/2 , @</2,
@=</2, @>/2, @>=/2, compare/3 ,=../2 ,copy _term/2 ,duplicate _term/2 ,write/l |,

dif/2 , when/2 , term _variables/2 , humbervars/[3,4] , hash _term/2 | recorda/3
recordz/3 , findall/3 , bagof/3 ,setof/3 ,throw/1

2.17 System limits

2.17.1 Limits on memory areas

SWI-Prolog has a number of memory areas which are only enlarged to a certain limit. The default
sizes for these areas should suffice for most applications, but big applications may require larger ones.
They are modified by command line options. The table below shows these areas. The first column
gives the option name to modify the size of the area. The option character is immediately followed by
a number and optionally bylaor m With k or no unit indicator, the value is interpreted in Kbytes
(1024 bytes), withm the value is interpreted in Mbyte$024 x 1024 bytes).

The local-, global- and trail-stack are limited to 128 Mbytes on 32 bit processors, or more gener-
ally to 2PtS-per-longs pyieg.

The PrologScript facility described in secti@rl0.2provides a mechanism for specifying options
with the load-file. On Windows the default stack-sizes are controlled using the Windows registry
on the keyHKEY_CURRENT_USER\Software\SWI\Prolog  using the name$ocalSize ,
globalSize  andtrailSize . The value is DWORBXxpressing the default stack size in Kbytes.
A GUI for modifying these values is provided using the XPCE package. To use this, start the XPCE
manual tools usingnanpce/0 , after which you findPreferencesn the File menu.

The heap

With the heap, we refer to the memory area usedriayioc() and friends. SWI-Prolog uses the
area to store atoms, functors, predicates and their clauses, records and other dynamic data. As of
SWI-Prolog 2.8.5, no limits are imposed on the addresses returnedligc() and friends.

On some machines, the runtime stacks described above are allocated using ‘sparse allocation’.
Virtual space up to the limit is claimed at startup and committed and released while the area grows
and shrinks. On Win32 platform this is realised usWigiualAlloc() and friends. On Unix
systems this is realised usingmap() .
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Option

Default

Area name

Description

2M

4M

4M

1M

local stack

global stack

trail stack

argument stack

The local stack is used to store
the execution environments ¢
procedure invocations. Th
space for an environment is rg
claimed when it fails, exits with+
out leaving choice points, th
alternatives are cut of with th
I/0 predicate or no choice point
have been created since the in-
vocation and the last subclause
is started (tail recursion optimi
sation).

The global stack is used to stofe
terms created during Prologls
execution. Terms on this stack
will be reclaimed by backtrack-
ing to a point before the term
was created or by garbage col-
lection (provided the term is no
longer referenced).
The trail stack is used to store as-
signments during execution. En-
tries on this stack remain alive
until backtracking before the
point of creation or the garbage
collector determines they are npr
needed any longer.
The argument stack is used fo
store one of the intermediate
code interpreter’s registers. The
amount of space needed on this
stack is determined entirely b
the depth in which terms ar,
nested in the clauses that con-
stitute the program. Overflo

is most likely when using lon
strings in a clause.

In addition, this stack is used
some builtin predicates to han-
dle cyclic terms. Its default siz
limitis proportional to the globa
stack limit such that it will neve
overflow.

® =

Ay"J
]

»n (O

Table 2.2: Memory areas

SWI-Prolog 5.4 Reference Manual



2.17. SYSTEM LIMITS 47

2.17.2 Other Limits

Clauses The only limit on clauses is their arity (the number of arguments to the head), which is
limited to 1024. Raising this limit is easy and relatively cheap, removing it is harder.

Atoms and Strings SWI-Prolog has no limits on the sizes of atoms and stringad/1 and its
derivatives however normally limit the number of newlines in an atom or string to 5 to improve
error detection and recovery. This can be switched off wfifte _check/1

The number of atoms is limited to 16777216 (16M) on 32-bit machines. On 64-bit machines
this is virtually unlimited. See also secti@rnb6.2

Address spaceSWI-Prolog data is packed in a 32-bit word, which contains both type and value
information. The size of the various memory areas is limited to 128 Mb for each of the areas,
except for the program heap, which is not limited.

Integers Integers are 32-bit (64 on 64-bit machines) to the user, but integers up to the value of the
max_tagged _integer prolog-flag are represented more efficiently.

Floats Floating point numbers are represented as C-native double precision floats, 64 bit IEEE on
most machines.

2.17.3 Reserved Names

The boot compiler (sedb option) does not support the module system. As large parts of the sys-
tem are written in Prolog itself we need some way to avoid name clashes with the user’s predicates,
database keys, etc. Like Edinburgh C-Prolegi Jall predicates, database keys, etc. that
should be hidden from the user start with a dolfBr ign (seestyle _check/1 ).
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Initialising and Managing a
Prolog Project

Prolog text-books give you an overview of the Prolog language. The manual tells you what predicates
are provided in the system and what they do. This chapter wants to explain how to run a project.
There is no ultimate ‘right’ way to do this. Over the years we developed some practice in this area and
SWI-Prolog’s commands are there to support this practice. This chapter describes the conventions
and supporting commands.

The first two sections (sectioh1 and sectior8.2 only require plain Prolog. The remainder dis-
cusses the use of the built-in graphical tools that require the XPCE graphical library installed on your
system.

3.1 The project source-files

Organisation of source-files depends largely on the size of your project. If you are doing exercises for
a Prolog course you’'ll normally use one file for each exercise. If you have a small project you'll work
work with one directory holding a couple of files and some files to link it all together. Even bigger
projects will be organised in sub-projects each using their own directory.

3.1.1 File Names and Locations
File Name Extensions

The first consideration is what extension to use for the source-files. Tradition caltd fobut con-
flicts with Perl force the use of another extension on systems where extensions have global meaning,
such as MS-Windows. On such systeqi® is the common alternative.

All versions of SWI-Prolog load files with the extensignt as well as with the registered alter-
native extension without explicitly specifying the extension. For portability reasons we propose the
following convention:

If there is no conflict because you do not use a conflicting application or the system does not force
a unique relation between extension and application,plse

With a conflict choosepro and use this extension for the files you want to load through your file-
manager. Usepl for all other files for maximal portability.
Project Directories

Large projects are generally composed of sub-projects, each using their own directory or directory-
structure. If nobody else will ever touch your files and you use only one computer there is little to

'on MS-Windows, the alternative extension is stored in the registry-key
HKEYCURRENIUSER/Software/SWI/Prolog/fileExtension or HKEYLOCALMACHINE/Software/SWI/Prolog/fileExtension
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worry about, but this is rarely the case with a large project.

To improve portability, SWI-Prolog uses the POSIX notation for filenames, which uses
the forward slash /() to separate directories. Just before hitting the file-system it uses
prolog _to _os _filename/2  to convert the filename to the conventions used by the hosting oper-
ating system. It istronglyadvised to write paths using thie especially on systems using theor
this purpose (MS-Windows). Usirg violates the portability rules and requires youdtmublethe\
due to the Prolog quoted-atom escape rules.

Portable code should upeolog _to _os _filename/2  to convert computed paths into system-
paths when constructing commandsg$bell/l  and friends.

Sub-projects using search-paths

Thanks to Quintus, Prolog adapted an extensible mechanism for searching files using
file _search _path/2 . This mechanism allows for comfortable and readable specifications.

Suppose you have extensive library packages on graph-algorithms, set-operations and ui-
primitives. These sub-projects are likely candidates for re-use in future projects. A good choice is
to create a directory with sub-directories for each of these sub-projects.

Next, there are three options. One is to add the sub-projects to the directory-hierarchy of the
current project. Another is to use a completely dislocated directory and finally the sub-project can be
added to the SWI-Prolog hierarchy. Using local installation, a tygileal _search _path/2 is:

:- prolog_load_context(directory, Dir),
asserta(user:file_search_path(myapp, Dir)).

user:file_search_path(graph, myapp(graph)).
user:file_search_path(ui, myapp(ui)).

For using sub-projects in the SWI-Prolog hierarchy one should use the patiswaliaess basis. For a
system-wide installation use an absolute-path.

Extensive sub-projects with a small well-defined APl should define a load-file using
use _module/1 calls to import the various library-components and export the API.

3.1.2 Project Special Files

There are a number of tasks you typically carry out on your project, such as loading it, creating a
saved-state, debugging it, etc. Good practice on large projects is to define small files that hold the
commands to execute such a task, name this file after the task and give it a file-extension that makes
starting easy (see secti@nl.]). The taskdoad is generally central to these tasks. Here is a tentative

list.

e load.pl
Use this file to set up the environment (prolog flags and file search paths) and load the sources.
Quite commonly this file also provides convenient predicates to parse command-line options
and start the application.

e run.pl
Use this file to start the application. Normally it loddad.pl  in silent-mode, and calls one
of the starting predicates frotoad.pl
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e save.pl
Use this file to create a saved-state of the application by loatbagd.pl and call
gsave _program/2 to generate a saved-state with the proper options.

e debug.pl
Loads the program for debugging. In addition to loadiogd.pl  this file defines rules for
portray/l  to modify printing rules for complex terms and customisation rules for the debug-
ger and editing environment. It may start some of these tools.

3.2 Using modules

Modules have been debated fiercely in the Prolog world. Despite all counter-arguments we feel they
are extremely useful because

e They hide local predicates
This is the reason they have been invented in the first place. Hiding provides two features.
They allow for short predicate names without worrying about conflicts. Given the flat name-
space introduced by modules, they still require meaningful module names as well as meaningful
names for exported predicates.

e They document the interface
Possibly more important then avoiding name-conflicts is their role in documenting which part
of the file is for public usage and which is private. When editing a module you may assume
you can reorganise anything but the name and semantics of the exported predicates without
worrying.

e They help the editor
The PceEmacs built-in editor does on-the-fly cross-referencing of the current module, colouring
predicates based on their origin and usage. Using modules, the editor can quickly find out what
is provided by the imported modules by reading just the first term. This allows it to indicate
real-time which predicates are not used or not defined.

Using modules is generally easy. Only if you write meta-predicates (predicates reasoning about
other predicates) that are exported from a module good understanding of resolution of terms to predi-
cates inside a module is required. Here is a typical example feamutil

.- module(read_util,

[ read_line_to_codes/2, % +Fd, -Codes
read_line_to_codes/3, % +Fd, -Codes, ?Tail
read_stream_to codes/2, % +Fd, -Codes
read_stream_to_codes/3, % +Fd, -Codes, ?Talil
read_file_to codes/3, % +File, -Codes, +Options

read_file_to_terms/3 % +File, -Terms, +Options

D
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3.3 The test-edit-reload cycle

SWI-Prolog does not enforce the use of a particular editor for writing down Prolog source code.
Editors are complicated programs that must be mastered in detail for real productive programming
and if you are familiar with a specific editor you should not be forced to change. You may specify
your favourite editor using the prolog flaglitor , the environment variabEDITORor by defining
rules forprolog _edit:edit _source/l (see sectiod.4).

The use of a built-in editor, which is selected by setting the prologéftiitpr  to pce _emacs,
has advantages. The XP@#itor object around which the built-in PceEmacs is built can be opened
as a Prolog stream allowing analysis of your source by the real Prolog system.

3.3.1 Locating things to edit

The central predicate for editing somethingedit/l , an extensible front-end that searches for
objects (files, predicates, modules as well as XPCE classes and methods) in the Prolog database. If
multiple matches are found it provides a choice. Together with the built-in completion on atoms bound
to theTABKkey this provides a quick way to edit objects:

?- edit(country).
Please select item to edit:

1 chat:country/10 'Istaff/jan/lib/prolog/chat/countr.pl’:16
2 chat.country/1 'Istaff/jan/lib/prolog/chat/world0.pl':72

Your choice?

3.3.2 Editing and incremental compilation

One of the nice features of Prolog is that the code can be modified while the program is running.
Using pure Prolog you can trace a program, find it is misbehaving, ebrealt environmentmodify

the source code, reload it and finally detry on the misbehaving predicate and try again. This
sequence is not uncommon for long-running programs. For faster programs one normally aborts after
understanding the misbehaviour, edit the source, reload it and try again.

One of the nice features of SWI-Prolog is the availabilitynodike/O , a simple predicate that
checks all loaded source files to see which ones you have modified. It then reloads these files, consid-
ering the module from which the file was loaded originally. This greatly simplifies the trace-edit-verify
development cycle. After the tracer reveals there is something wrongvatte/3 , you do:

?- edit(prove).

Now edit the source, possibly switching to other files and making multiple changes. After finishing
invoke make/0 , either through the editor UlGompile/Make (Control-C Control-M )) or on
the toplevel and watch the files being reloaded.

?- make.
% show compiled into photo_gallery 0.03 sec, 3,360 bytes

2Watching these files is a good habit. If expected files are not reloaded you may have forgotten to save them from the
editor or you may have been editing the wrong file (wrong directory).
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3.4 Using the PceEmacs built-in editor

3.4.1 Activating PceEmacs

Initially edit/l  uses the editor specified in tEDITORenvironment variable. There are two ways
to force it to use the built-in editor. One is to set the prolog-#aifor to pce _emacs and the
other is by starting the editor explictely using ta@acs/[0,1]  predicates.

3.4.2 Bluffing through PceEmacs

PceEmacs closely mimics Richard Stallman’s GNU-Emacs commands, adding features from modern
window-based editors to make it more acceptable for begirhers.

At the basis, PceEmacs maps keyboard sequences to methods defined on the edi&aded
object. Some frequently used commands are, with their key-binding, presented in the menu-bar above
each editor window. A complete overview of the bindings for the cumemdleis provided through
Help/Show key bindings (Control-h Control-b ).

Edit modes

Modes are the heart of (Pce)Emacs. Modes define dedicated editing support for a particular kind of
(source-)text. For our purpose we wddrtblog mode Their are various ways to make PceEmacs use
Prolog mode for a file.

e Using the proper extension
If the file ends inpl or the selected alternative (e.gro ) extension, Prolog mode is selected.

e Using#!/path/to/pl
If the file is aProlog Scriptfile, starting with the ling#!/path/to/pl options -s , Pro-
log mode is selected regardless of the extension

e Using-*- Prolog -*-
If the above sequence appears in the first line of the file (inside a Prolog comment) Prolog mode
is sequence

e Explicit selection
Finally, usingFile/Mode/Prolog (y)ou can switch to Prolog mode explicitly.

Frequently used editor commands

Below we list a few important commands and how to activate them.

e Cut/Copy/Paste
These commands follow Unix/X11 traditions. You're best suited with a three-button mouse.
After selecting using the left-mouse (double-click uses word-mode and triple line-mode), the
selected text imutomaticallycopied to the clipboard (X11 primary selection on Unigut is
achieved using thBEL key or by typing something else at the locati®asteis achieved using
the middle-mouse (or wheel) button. If you don’t have a middle mouse-button, pressing the

3Decent merging with MS-Windows control-key conventions is difficult as many conflict with GNU-Emacs. Expecially
the cut/copy/paste commands conflict with important GNU-Emacs commands.
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left- and right-button at the same time is interpreted as a middle-button click. If nothing helps
there is theEdit/Paste menu-entry. Text is pasted at the caret-location.

e Undo
Undo is bound to the GNU-Emag&ontrol-_ as well as the MS-Window&ontrol-Z sequence.

e Abort
Multi-key sequences can be aborted at any stage @&omgrol-G.

e Find
Find (Search) is started usi@pntrol-S (forward) orControl-R (backward). PceEmacs imple-
mentsincremental searchThis is difficult to use for novices, but very powerful once you get
the clue. After one of the above start-keys the system indicates search mode in the status line.
As you are typing the search-string, the system searches for it, extending the search with every
character you type. Itillustrates the current match using a green background.

If the target cannot be found, PceEmacs warns you and no longer extends the searéh-string.
During search some characters have special meaning. Typing anything but these characters
commits the search, re-starting normal edit mode. Special commands are:

Control-S
Search for next forwards.

Control-R
Search for next backwards.

Control-W
Extend search to next word-boundary.

Control-G
Cancel search, go back to where it started.

ESC
Commit search, leaving caret at found location.

Backspace
Remove a character from the search string.

e Dynamic Abbreviation
Also calleddabbrevis an important feature of Emacs clones to support programming. After
typing the first few letters of an identifier you may Hilt-/, causing PceEmacs to search back-
wards for identifiers that start the same and using it to complete the text you typed. A second
Alt-/ searches further backwards. If there are no hits before the caret it starts searching forwards.
With some practice, this system allows for very fast entering code with nice and readable iden-
tifiers (or other difficult long words).

e Open (afile)
Is calledFile/Find file (Control-x Control-f ). By default the file is loaded into the
current window. If you want to keep this window, Hitt-s or click the little icon at the bottom-
left to make the windovsticky.

4GNU-Emacs keeps extending the string, but why? Adding more text will not make it match.
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e Split view
Sometimes you want to look at two places of the same file. To do thi€aiseol-x 2 to create
a new window pointing to the same file. Do not worry, you can edit as well as move around in
both. Control-x 1 kills all other windows running on the same file.

These were the most commonly used commands. In section séctidwe discuss specific
support for dealing with Prolog source code.

3.4.3 Prolog Mode

In the previous section (sectidh4.2 we explained the basics of PceEmacs. Here we continue with
Prolog specific functionality. Possibly the most interestingyatax highlightingUnlike most editors

where this is based on simple patterns, PceEmacs syntax highlighting is achieved by Prolog itself ac-
tually reading and interpreting the source as you type it. There are three moments at which PceEmacs
checks (part of) the syntax.

e After typing a.
After typing a. that is not preceeded bysgmbolcharacter the system assumes you completed
a clause, tries to find the start of this clause and verifies the syntax. If this process succeeds it
colours the elements of the clause according to the rules given below. Colouring is done using
information from the last full check on this file. If it fails, the syntax error is displayed in the
status line and the clause is not coloured.

o After the comman@ontrol-c Control-s
Acronym for CcheckSyntax it performs the same checks as above for the clause surrounding
the caret. On a syntax error however, the caret is moved to the expected location of the error.

e After pausing for two seconds
After a short pause (2 seconds), PceEmacs opens the edit-buffer and reads it as a whole, creating
an index of defined, called, dynamic, imported and exported predicates. After completing this,
it re-reads the file and colours all clauses and calls with valid syntax.

o After typingControl-l Control-|
TheControl-l commands re-centers the window (scrolls the window to make the caret the center
of the window). Hitting this command twice starts the same process as above.

The colour schema itself is defined iremacs/prolog _colour . The colouring can be extended

and modified using multifile predicates. Please check this source-file for details. In general, under-
lined objects have a popup (right-mouse button) associated for common commands such as viewing
the documentation or sourcBold text is used to indicate the definition of objects (typically predicates
when using plain Prolog). Other colours follow intuitive conventions. See tabl&

Layout support Layout is not ‘just nice’, it isessentiaffor writing readable code. There is much
debate on the proper layout of Prolog. PceEmacs, being a rather small project supports only one
particular style for layout. Below are examples of typical constructs.

5In most cases the location where the parser cannot proceed is further down the file than the actual error-location.
5Defined in Prolog in the filemacs/prolog _mode, you may wish to extend this. Please contribute your extensions!
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Clauses

Blue bold
Red bold
Black Bold

Head of an exported predicate
Head of a predicate that is not callg
Head of remaining predicates

2d

Calls in the clause-body

Blue
Red
Purple

Call to built-in or imported predicatg
Call to not-defined predicate
Call to dynamic predicate

v

Other entities

Dark green
Dark blue
Brown

Comment
Quoted atom or string
Variable

Table 3.1: Colour conventions

head(argl, arg2).
head(argl, arg2) :- !

head(Argl, arg2) :- !,

calll(Argl).
head(Argl, arg2) :-
(  if(Argl)
-> then
; else
).
head(Argl) :-
( a
; b
).
head :-
a(many,
long,
arguments(with,
many,
more),
and([ a,
long,
list,
with,
a,

| tail

D).
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PceEmacs uses the same conventions as GNU-Emac3ABheey indents the current line according

to the syntax rulesAlt-q indents all lines of the current clause. It provides support for head, calls
(indented 1 tab), if-then-else, disjunction and argument-lists broken across multiple lines as illustrated
above.

Finding your way around

The commandilt-. extracts name and arity from the caret location and jumps (after conformation
or edit) to the definition of the predicate. It does so based on the source-location database of loaded
predicates also used legit/1 . This makes locating predicates reliable if all sources are loaded and
up-to-date (seeake/0 ).

In addition, references to files irse _.module/[1,2] ,consult/1 , etc. are red if the file can-
not be found and underlined blue if the file can be loaded. A popup allows for opening the referenced
file.

3.5 The Graphical Debugger

SWI-Prolog offers two debuggers. One is the traditional text-console based 4-port Prolog tracer and
the other is a window-based source-level debugger. The window-based debugger requires XPCE
installed. It operates based on thmlog _trace _interception/4 hook and other low-level
functionality described in chapté.

Window-based tracing provides much better overview due to the eminent relation to your source-
code, a clear list of named variables and their bindings as well as a graphical overview of the call and
choice-point stack. There are some drawbacks though. Using a textual trace on the console one can
scroll back and examine the past, while the graphical debugger just presents a (much better) overview
of the current state.

3.5.1 Invoking the window-based debugger

Whether the text-based or window-based debugger is used is controlled using the predicates
guitracer/0 andnoguitracer/0 . Entering debug mode is controlled using the normal pred-
icates for this:trace/0 andspy/1 . In addition, PceEmacs prolog mode provides the command
Prolog/Break at (Control-c b ) to insert a break-point at a specific location in the source-code.

guitracer
This predicate installs the above-mentioned hooks that redirect tracing to the window-based
environment. No window appears. The debugger window appears as actual tracing is started
throughtrace/0 , by hitting a spy-point defined bgpy/1 or a break-point defined using
PceEmacs commaritolog/Break at (Control-c b ).

noguitracer
Disable the hooks installed lguitracer/O , reverting to normal text-console based tracing.

3.6 The Prolog Navigator

Another tool is theProlog Navigator This tool can be started from PceEmacs using the command
Browse/Prolog navigator, from the GUI debugger or using the programmatic IDE interface de-
scribed in sectior.7.
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3.7 Accessing the IDE from your program

Over the years a collection of IDE components have been developed, each with their own interface.
In addition, some of these components require each other and loading IDE components must be on
demand to avoid the IDE being part of a saved-state ¢sewe _program/2 ). For this reason,
access to the IDE will be concentrated on a single interface caiteddg _ide/1

prolog_ide(+Action)
This predicate ensures the IDE enabling XPCE component is loaded, cre-
ates the XPCE classprologide and sendsAtion to its one and only instance
\index{@prolog_ideNobjectname{prolog_ide} . Action is one of the fol-
lowing:

open.navigator(+Directory)
Open the Prolog Navigator (see sectibf) in the givenDirectory.

opendebug status
Open a window to edit spy- and trace-points.

openquery_window
Opens a little window to run Prolog queries from a GUI component.

3.8 Summary of the iDE

The SWI-Prolog development environment consists of a number of interrelated but not (yet) integrated
tools. Here is a list of the most important features and tips.

e Atom completion
The consolécompletes a partial atom on tAAB key and shows alternatives on the command
Alt-?.

e Useedit/l to finding locations
The commandedit/l  takes the name of a file, module, predicate or other entity registered
through extensions and starts the users preferred editor at the right location.

e Select editor
External editors are selected using B2l TORenvironment variable, by setting the prolog flag
editor  or by defining the hookrolog _edit:edit _source/l

e Update Prolog after editing
Usingmake/0 , all files you have edited are re-loaded.

e PceEmacs
Offers syntax-highlighting and checking based on real-time parsing of the editor's buffer,
layout-support and navigation support.

’On Windows this is realised by plwin.exe, on Unix through the GNU readline library, which is included automatically
when found byconfigure
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e Using the graphical debugger
The predicateguitracer/0 andnoguitracer/0 switch between traditional text-based
and window-based debugging. The tracer is activated usinggabhe/0 , spy/1 or menu-
items from PceEmacs or the PrologNavigator.

e The Prolog Navigator
Shows the file-structure and structure inside the file. It allows for loading files, editing, setting

spy-points, etc.
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Built-in predicates

4.1 Notation of Predicate Descriptions

We have tried to keep the predicate descriptions clear and concise. First the predicate name is printed
in bold face, followed by the arguments in italics. Arguments are preceded by a ‘+’, -’ or '?’ sign.

‘+’ indicates the argument is input to the predicate, ‘-’ denotes output and ‘?’ denotes ‘either input
or output'! Constructs like6p/3 ’ refer to the predicate ‘op’ with arity ‘3'. Finally, arguments may

have the "’ specifier, which implies the argument is module-sensitive. Normally the argument is a
callable term refering to a predicate in a specific module. See seétifor more information on
module-handing.

4.2 Character representation

In traditional (Edinburgh-) Prolog, characters are represented okargcter-codesCharacter codes
are integer indices into a specific character set. Traditionally the character set was 7-bits US-ASCII.
8-bit character sets have been allowed for a long time, providing support for national character sets,
of which iso-latin-1 (ISO 8859-1) is applicable to many western languages. Text-files are supposed to
represent a sequence of character-codes.

ISO Prolog introduces three types, two of which are used for characters and one for accessing
binary streams (sempen/4 ). These types are:

e code
A character-codds an integer representing a single character. As files may use multi-byte
encoding for supporting different character sets (utf-8 encoding for example), reading a code
from a text-file is in general not the same as reading a byte.

e char
Alternatively, characters may be representedraes-character-atomsThis is a very natural rep-
resentation, hiding encoding problems from the programmer as well as providing much easier
debugging.

e byte
Bytes are used for accessing binary-streams.

The current version of SWI-Prolog does not provide support for multi-byte character encoding.
This implies for example that it is not capable of breaking a multi-byte encoded atom into characters.
For SWI-Prolog, bytes and codes are the same and one-character-atoms are simple atoms containing
one byte.

1These marks doot suggest instantiation (e.g. var(+Var)).

SWI-Prolog 5.4 Reference Manual



60 CHAPTER 4. BUILT-IN PREDICATES

To ease the pain of these multiple representations, SWI-Prolog’s built-in predicates dealing with
character-data work as flexible as possible: they accept data in any of these formats as long as the
interpretation is unambiguous. In addition, for output arguments that are instantiated, the character
is extracted before unification. This implies that the following two calls are identical, both testing
whether the next input characters isan

peek _code(Stream, a).
peek_code(Stream, 97).

These multiple-representations are handled by a large number of built-in predicates, all of which are
ISO-compatible. For converting betweem code and character thehatis_code/2 . For breaking
atoms and numbers into characters areadoen _chars/2 , atom _codes/2 , number _codes/2

and number _chars/2 . For character /0O on streams there get _char/[1,2] ,
get _code/[1,2] get _byte/[1,2] , peek _char/[1,2] : peek _code/[1,2] ,
peek _byte/[1,2] , put _code/[1,2] , put _char/[1,2] and put _byte/[1,2] . The

prolog-flag double _quotes (see current _prolog _flag/2 ) controls how text between
double-quotes is interpreted.

4.3 Loading Prolog source files

This section deals with loading Prolog source-files. A Prolog source file is a plain text file containing
a Prolog program or part thereof. Prolog source files come in three flavours:

A traditional Prolog source file contains a Prolog clauses and directives, butnodule-
declaration They are normally loaded usiropnsult/l  orensure _loaded/1

A module Prolog source file starts with a module declaration. The subsequent Prolog code is loaded
into the specified module and only thablic predicates are made available to the context load-
ing the module. Module files are normally loaded usisg _module/[1,2] . See chaptes
for details.

Aninclude Prolog source file is loaded using timelude/1  directive and normally contains only
directives.

Prolog source-files are located usigsolute _file _name/3 with the following options:

locate_prolog_file(Spec, Path) :-
absolute_file_name(Spec,
[ file_type(prolog),
access(read)

1,
Path).

The file _type (prolog) option is used to determine the extension of the file using
prolog _file _type/2 . The default extension ispl . Spec allows for the path-alias
construct defined byabsolute _file _name/3. The most commonly used path-alias is
library  (LibraryFile). The example below loads the library fibset.pl  (containing predicates
for manipulating ordered sets).
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.- use_module(library(oset)).

SWI-Prolog recognises grammar rules (DCG) as definedCimnd . The

user may define additional compilation of the source file by defining the dynamic predicates
term _expansion/2  and goal _expansion/2 . Transformations byterm _expansion/2

overrule the systems grammar rule transformations. Itis not allowed &ssset/1 |, retract/1

or any other database predicatetémm _expansion/2  other than for local computational pur-
poses’

Directives may be placed anywhere in a source file, invoking any predicate. They are executed
when encountered. If the directive fails, a warning is printed. Directives are specified by :-/1 or ?-/1.
There is no difference between the two.

SWiI-Prolog does not have a separegeonsult/1 predicate. Reconsulting is implied auto-
matically by the fact that a file is consulted which is already loaded.

load_files(+Files, +Optiong
The predicatdoad _files/2 is the parent of all the other loading predicates except for
include/2 . It currently supports a subset of the options of Quintasl files/2 . Files
is either specifies a single, or a list of source-files. The specification for a source-file is handled
absolute _file _name/2 . See this predicate for the supported expansi@mionsis a list
of options using the format

OptionNamé€OptionValué
The following options are currently supported:

autoload(Bool)
If true (defaultfalse ), indicate this load is alemandload. This implies that,
depending on the setting of the prolog-flagrbose _autoload the load-action is
printed at levelinformational or silent . See alsoprint _message/2 and
current _prolog _flag/2

derived_from(File)
Indicate that the loaded file is derived frdfite. Used bymake/0 to time-check and load
the original file rather than the derived file.

expandBool)
If true , run the filenames througixpand _file _name/2 and load the returned files.
Default isfalse , except forconsult/l  which is intended for interactive use. Flexible
location of files is defined bfile  _search _path/2

if(Condition
Load the file only if the specified condition is satisfied. The value loads the file
unconditionallychanged loads the file if it was not loaded before, or has been modified
since it was loaded the last timagt _loaded loads the file if it was not loaded before.

imports(ListOrAll)
If all and the file is a module file, import all public predicates. Otherwise import only
the named predicates. Each predicate is refered toase/(arity). This option has no
effect if the file is not a module file.

2It does work for normal loading, but not focompile/1
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must_be_module(Bool)
If true , raise an error if the file is not a module file. Useduse _module/[1,2]
gcompile(Bool)
If this call appears in a directive of a file that is compiled into Quick Load Format using
gcompile/l  and this flag igrue , the contents of the argument files are included in the
.glf file instead of the loading directive.

silent(Bool)
If true , load the file without printing a message. The specified value is the default for all
files loaded as a result of loading the specified files.

stream(Input)
This SWI-Prolog extension compiles the data from the striegouat. If this option is used,
Files must be a single atom which is used to identify the source-location of the loaded
clauses as well as remove all clauses if the data is re-consulted.
This option is added to allow compiling from non-file locations such as databases, the
web, theuser(seeconsult/1 ) or other servers.

Theload _files/2 predicate can be hooked to load other data or data from other objects than
files. Segrolog _load file/2  for a description antittp _load for an example.

consult(+File)

ReadFile as a Prolog source fil&ile may be a list of files, in which case all members are con-
sulted in turn.File may start with the Unix shell special sequentes (usei and$(var). File

may also bdibrary(Name) , in which case the libraries are searched for a file with the spec-
ified name. See aldibrary  _directory/1 andfile _search _path/2 . consult/1

may be abbreviated by just typing a number of file names in a list. Examples:

?- consult(load). % consultoad orload.pl
?- [library(quintus)]. % load Quintus compatibility library
?- [user].

Consult/1 is equivalent to loadiles(Files, []), except for handling the special filkser ,
which reads clauses from the terminal. See alsatitgam (Inpuf) option ofload _files/2

ensureloaded@*File)

If the file is not already loaded, this is equivalenttmsult/1 . Otherwise, if the file defines a
module, import all public predicates. Finally, if the file is already loaded, is not a module file and
the context module is not the global user modelesure _loaded/1 will call consult/1

With the semantics, we hope to get as closely possible to the clear semantics without
the presence of a module system. Applications using modules should consider using
use _module/[1,2]

Equivalent to loadiles(Files, [if(notloaded)])?

include(+File)

Pretend the terms iRile are in the source-file in which include(File) appears. The

30n older versions the condition used to be if(changed). Poor time management on some machines or due to copying

often caused problems. Theake/0 predicate deals with updating the running system after changing the sourcecode.
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include construct is only honnoured if it appears as a directive in a source-file. Noffially
contains a sequence of directives.

require(+ListOfNameAndArity
Declare that this file/module requires the specified predicates to be defined “with their com-
monly accepted definition”. This predicate originates from the Prolog portability layer for
XPCE. Itis intended to provide a portable mechanism for specifying that this module requires
the specified predicates.

The implementation normally first verifies whether the predicate is already defined. If not, it
will search the libraries and load the required library.

SWI-Prolog, having autoloading, doest load the library. Instead it creates a procedure header
for the predicate if it does not exist. This will flag the predicate as ‘undefined’. See also
check/0 andautoload/O

make
Consult all source files that have been changed since they were consulted. It@hémdded
source files: files loaded into a compiled state ugihgc ... and files loaded using consult
or one of its derivatives. The predicateake/0 is called afteredit/l , automatically reload-
ing all modified files. It the user uses an external editor (in a separate windwkg/0 is
normally used to update the program after editing. In additioake/0 updates the autoload
indices (see sectiah 13 and rundist _undefined/0  from thecheck library to report on
undefined predicates.

library _directory(?Atomn)
Dynamic predicate used to specify library directories. Defdlift , “/lib/prolog and
the system’s library (in this order) are defined. The user may add library directories using
assert/1 ,asserta/l  or remove system defaults usingtract/1

file_search path(+Alias, ?Path
Dynamic predicate used to specify ‘path-aliases’. This feature is best described using an exam-
ple. Given the definition

file_search_path(demo, '/usr/lib/prolog/dema’).

the file specificatiordemo(myfile) will be expanded tdustr/lib/prolog/demo/
myfile . The second argumentbtfe _search _path/2 may be another alias.

Below is the initial definition of the file search path. This path impes( (Path) refers to
a file in the SWI-Prolog home directory. The aliaseign(  (Path)) is intended for storing
shared libraries.$60 or.DLL files). See alstoad _foreign _library/[1,2]

user:file_search_path(library, X) :-
library_directory(X).
user:file_search_path(swi, Home) :-
current_prolog_flag(home, Home).
user:file_search_path(foreign, swi(ArchLib)) :-
current_prolog_flag(arch, Arch),
atom_concat(lib/’, Arch, ArchLib).
user:file_search_path(foreign, swi(lib)).
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The file _search _path/2 expansion is used by all loading predicates as well as by
absolute _file _name/[2,3]

The prolog-flagverbose _file _search can be set tdrue to help debugging Prolog’s
search for files.

expandfile_search path(+Spec, -Path
Unifies Path with all possible expansions of the file name specificat8pec See also
absolute _file _name/3.

prolog_file_type(?Extension, ?Type
This dynamic multifile predicate defined in modulger determines the extensions considered
byfile _search _path/2 . Extensioris the filename extension without the leading dofpe
denotes the type as used by file _type (Typé option offile _search _path/2 . Here
is the initial definition ofprolog _file _type/2

user:prolog_file_type(pl, prolog).
user:prolog_file_type(Ext, prolog) :-
current_prolog_flag(associate, Ext),
Ext \== pl.
user:prolog_file_type(qlf, qlf).
user:prolog_file_type(Ext, executable) :-

current_prolog_flag(shared_object_extension, Ext).

Users may wish to change the extension used for Prolog source files to avoid conflicts (for
example withperl ) as well as to be compatible with some specific implementation. The
preferred alternative extension.go .

sourcefile(?File)
Succeeds ifile is a loaded Prolog source filéile is the absolute and canonical path to the
source-file.

sourcefile(?Pred, ?Filg
Is true if the predicate specified Byyedwas loaded from fil&ile, whereFile is an absolute path
name (seabsolute _file _name/2). Can be used with any instantiation pattern, but the
database only maintains the source file for each predicate. Sedalse _property/2

prolog_load_context(?Key, ?Valug
Determine loading context. The following keys are defined:

Key Description

module Module into which file is loaded

file File loaded

stream Stream identifier (seeurrent  _input/1 )

directory Directory in whichFile lives.

term _position Position of last term read. Term of the form
'$stream  _position’(0, (Line),0,0,0)

Quintus compatibility predicate. See alsmurce _location/2
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sourcelocation(-File, -Ling)
If the last term has been read from a physical file (i.e., not from theigiée or a string), unify
File with an absolute path to the file ahthe with the line-number in the file. New code should
useprolog _load _context/2

term_expansionf-Term1, -Term2
Dynamic and multifile predicate, normally not defined. When defined by the user all terms read
during consulting are given to this predicate. If the predicate succeeds Prolog will Beyse?t
in the database rather then the read tefari)). Term2may be a term of a the form “Goal
or - Goal. Goalis then treated as a directive. Térm2is a list all terms of the list are stored
in the database or called (for directives).THrm2is of the form below, the system will assert
Clauseand record the indicated source-location with it.

'$source _location’( (File), (Line)): (Clause

When compiling a module (see chapteand the directivanodule/2 ), expand _term/2

will first try term _expansion/2  in the module being compiled to allow for term-expansion
rules that are local to a module. If there is no local definition, or the local definition fails to
translate the termgxpand _term/2 will try term _expansion/2  in moduleuser . For
compatibility with SICStus and Quintus Prolog, this feature should not be used. See also
expand _term/2 , goal _expansion/2 andexpand _goal/2

expandterm(+Term1, -Term2
This predicate is normally called by the compiler to perform preprocessing. First it calls
term _expansion/2 . If this predicate fails it performs a grammar-rule translation. If this
fails it returns the first argument.

goal_expansionf-Goall, -Goal?
Like term _expansion/2 , goal _expansion/2  provides for macro-expansion of Prolog
source-code. Betweaxpand _term/2 and the actual compilation, the body of clauses anal-
ysed and the goals are handedetqpand _goal/2 , which uses theyoal _expansion/2
hook to do user-defined expansion.

The predicatgyoal _expansion/2 s first called in the module that is being compiled, and
then on theuser module. IfGoalis of the formModuleGoal whereModuleis instantiated,
goal _expansion/2 is called onGoal using rules from modul®odulefollowed byuser .

Only goals apearing in the body of clauses when reading a source-file are expanded using mech-
anism, and only if they appear literally in the clause, or as an argument to the meta-predicates
not/l ,call/l ,once/l ,ignore/l ,findall/3 ,bagof/3 ,setof/3 orforall/2

A real predicate definition is required to deal with dynamically constructed calls.

expand.goal(+Goall, -Goal?
This predicate is normally called by the compiler to perform preprocessing. First it calls
goal _expansion/2 . If this fails it returns the first argument.

at_initialization( +Goal)
RegisterGoal to be run when the system initialises. Initialisation takes place after reloading a
.glf (formerly .wic) file as well as after reloading a saved-state. The hooks are run in the order
they were registered. A warning message is issu€bdil fails, but execution continues. See
alsoat _halt/1
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at_halt(+Goal)
RegisterGoal to be run fromPL_cleanup() , which is called when the system halts. The
hooks are run in the reverse order they were registered (FIFO). Success or failure executing a
hook is ignored. If the hook raises an exception this is printed ysiim _message/2 . An
attempt to calhalt/[0,1] from a hook is ignored.

initialization( +Goal)
Call Goal and register it usingt _initialization/1 . Directives that do other things
than creating clauses, records, flags or setting predicate attributes should normally be written
using this tag to ensure the initialisation is executed when a saved system starts. See also
gsave _program/[1,2]

compiling
Succeeds if the system is compiling source files with tbe option or qcompile/1
into an intermediate code file. Can be used to perform conditional code optimisations in
term _expansion/2  (see also theO option) or to omit execution of directives during com-
pilation.

preprocessor(Old, +New)
Read the input file via a Unix process that acts as preprocessor. A preprocessor is specified as
an atom. The first occurrence of the strifggf' is replaced by the name of the file to be loaded.
The resulting atom is called as a Unix command and the standard output of this command is
loaded. To use the Unix C preprocessor one should define:

?- preprocessor(Old, '/lib/cpp -C -P %f), consult(...).

Old = none

4.3.1 Quick load files

SWI-Prolog supports compilation of individual or multiple Prolog source files into ‘Quick Load Files’.
A ‘Quick Load Files’ (glf file) stores the contents of the file in a precompiled format.

These files load considerably faster than source files and are normally more compact. They are
machine independent and may thus be loaded on any implementation of SWI-Prolog. Note however
that clauses are stored as virtual machine instructions. Changes to the compiler will generally make
old compiled files unusable.

Quick Load Files are created usiqgompile/l . They are loaded usingpnsult/l  or one
of the other file-loading predicates described in secfich If consult is given the explicitpl file,
it will load the Prolog source. When given thgdf file, it will load the file. When no extension is
specified, it will load theqlf file when present and thpl file otherwise.

gcompile(+File)
Takes a single file specification likeconsult/1 (i.e., accepts constructs like
library(LibFile) and creates a Quick Load File froffile. The file-extension of
this file is.qlf . The base name of the Quick Load File is the same as the input file.

If the file contains - consult( +File ), ‘- [ +File ]’ or
- load files( +File , [qcompile(true), ...]) statements, the referred

SWI-Prolog 5.4 Reference Manual



4.4. LISTING AND EDITOR INTERFACE 67

files are compiled into the samglf file. Other directives will be stored in thglf  file and
executed in the same fashion as when loadingghefile.

Forterm _expansion/2 |, the same rules as described in secfidiDapply.
Conditional execution or optimisation may test the predicatapiling/0

Source referencesdqurce _file/2 ) in the Quick Load File refer to the Prolog source file
from which the compiled code originates.

4.4 Listing and Editor Interface

SWI-Prolog offers an extensible interface which allows the user to edit objects of the program: predi-
cates, modules, files, etc. The editor interface is implementediidh  and consists of three parts:
locating, selectingandstarting the editor

Any of these parts may be extended or redefined by adding clauses to various multi-file (see

multifile/1 ) predicates defined in the modyleolog _edit .
The built-in edit specifications fadit/1  (seeprolog _edit:locate/3 ) are described be-
low.
Fully specified objects

(Module:(Name/(Arity) | Refers a predicate

module(Module) Refers to a module

file((Path)) Refers to a file

sourcefile((Path)) Refers to a loaded source-file

Ambiguous specifications
(Name/(Arity) Refers this predicate in any module
(Name Refers to (1) named predicate in any module with any|ar-
ity, (2) a (source) file or (3) a module.

edit(+Specification
First exploitsprolog _edit:locate/3 to translateSpecificationinto a list of Locations
If there is more than one ‘hit’, the user is asked to select from the locations found. Finally,
prolog _edit:edit _source/l is used to invoke the user’s preferred editor. Typically,
edit/1  can be handed the name of a predicate, module, basename of a file, XPCE class,
XPCE method, etc.

edit
Edit the ‘default’ file usingedit/1 . The default file is the file loaded with the commandline
option-s or, in windows, the file loaded by double-clicking from the Windows shell.

prolog_edit:locate(+Spec, -FullSpec, -Locatign
WhereSpedis the specification provided througllit/1 . This multifile predicate is used to
enumerate locations at with an object satisfying the gipawcan be foundFullSpeds unified
with the complete specification for the object. This distinction is used to allow for ambiguous
specifications. For example,$peds an atom, which appears as the base-name of a loaded file
and as the name of a predicatellSpecwill be bound tofile  (Path) or NaméeArity.

Location is a list of attributes of the location. Normally, this list will contain the term
file (File) and —if available— the terrtine (Line).
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prolog_edit:locate(+Spec, -Locatioh
Same aprolog _edit:locate/3 , but only deals with fully-sepecified objects.

prolog_edit:edit_source(-Location)

Start editor orLocation Seeprolog _edit:locate/3 for the format of a location term.
This multi-file predicate is normally not defined. If it succeeetdif/1  assumes the editor is
started.

If it fails, edit/1  uses its internal defaults, which are defined by the prolog€ditpr
and/or the environment variabEEDITOR The following rules apply. If the prolog-flag
editor is of the format (name, the editor is determined by the environment varigbEme.
Else, if this flag igoce _emacs orbuilt _in andXPCE is loaded or can be loaded, the built-in
Emacs clone is used. Else, if the environmEBITORIs set, this editor is used. Finallyi is
used as default on Unix systems armatepad on Windows.

See the default user preferences ditafiles/dotplrc for examples.

prolog_edit:edit_command(Editor, -Commangi
Determines hoviditor is to be invoked usinghell/1 . Editor is the determined editor (see
edit _source/l ), without the full path specification, and without possible (exe) extension.
Commands an atom describing the command. The pat®fns replaced by the full file-name
of the location, andodby the line number. If the editor can deal with starting at a specified
line, two clauses should be provided, one holding only%fepattern, and one holding both
patterns.

The default contains definitions fer , emacs, emacsclient , vim andnotepad (latter
without line-number version).

Please contribute your specificationgao@swi.psy.uva.nl

prolog_edit:load
Normally not-defined multifile predicate. This predicate may be defined to provide loading
hooks for user-extensions to the edit module. For example, XPCE provides the code below to
load swi _edit , containing definitions to locate classes and methods as well as to bind this
package to the PceEmacs built-in editor.

- multifile prolog_edit:load/0.

prolog_edit:load :-
ensure_loaded(library(swi_edit)).

listing(+Pred)
List specified predicates (when an atom is given all predicates with this name will be listed).
The listing is produced on the basis of the internal representation, thus losing user’s layout and
variable name information. See algortray _clause/1

listing
List all predicates of the database uslisting/1
portray _clause¢Clause

Pretty print a clause. A clause should be specified as a tgflead :- (Body)'. Facts are
represented agitead :- true ’orsimply (Head. See alsgortray _clause/2
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portray _clause(Stream, +Clause
Pretty print a clause t8tream Seeportray _clause/1  for details.

4.5 \Verify Type of a Term

var(+Term)
Succeeds iTermcurrently is a free variable.

nonvar(+Term)
Succeeds ifermcurrently is not a free variable.

integer(+Term)
Succeeds iTermis bound to an integer.

float(+Term)
Succeeds ifermis bound to a floating point number.

number(+Term)
Succeeds ifermis bound to an integer or a floating point number.

atom(+Term)
Succeeds iffermis bound to an atom.

string(+Term)
Succeeds iffermis bound to a string.

atomic(+Term)
Succeeds ifermis bound to an atom, string, integer or floating point number.

compound@Term)
Succeeds iTermis bound to a compound term. See disoctor/3  and =../2.

callable(+Term)
Succeeds iffermis bound to an atom or a compound term, so it can be handed without type-
error tocall/l ,functor/3  and =../2.

ground(+Term)
Succeeds iffrermholds no free variables.
4.6 Comparison and Unification or Terms

4.6.1 Standard Order of Terms

Comparison and unification of arbitrary terms. Terms are ordered in the so called “standard order”.
This order is defined as follows:

1. Variables< Atoms< Strings< Numbers< Terms$

4Strings might be considered atoms in future versions. See also séctidn
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2. Old Variable < New Variablé

3. Atomsare compared alphabetically.

4. Stringsare compared alphabetically.

5. Numbersare compared by value. Integers and floats are treated identically.

6. Compounderms are first checked on their arity, then on their functor-name (alphabetically) and
finally recursively on their arguments, leftmost argument first.

If the prologflag (seecurrent _prolog _flag/2 )iso is defined, all floating point numbers
precede all integers.

+Terml== +Term2
Succeeds iTerm1is equivalent toferm2 A variable is only identical to a sharing variable.

+Terml\== +Term?2
Equivalentto+Terml == Term2 .

+Terml= +Term2
Unify Term1with Term2 Succeeds if the unification succeeds.

unify _with _occurs check@#Term1, +Term2
As =/2 , but usingsound-unificationThat is, a variable only unifies to a term if this term does
not contain the variable itself. To illustrate this, consider the two goals below:

1 72- A = f(A).

A = EEECECEEEECEC.)DMN)
2 ?- unify_with_occurs_check(A, f(A)).

No

l.e. the first creates ayclic-term which is printed as an infinitely nestél term (see the
max_depth option ofwrite _term/2 ). The second executes logically sound unification and
thus fails.

+Terml\= +Term2
Equivalentto+Terml = Term2 .

+Terml=@=+Term2
Succeeds iTerm1is ‘structurally equal’ toTerm2 Structural equivalence is weaker than equiv-
alence £=/2 ), but stronger than unification-{2 ). Two terms are structurally equal if their
tree representation is identical and they have the same ‘pattern’ of variables. Examples:

5In fact the variables are compared on their (dereferenced) addresses. Variables living on the global stack ate always
than variables on the local stack. Programs should not rely on the order in which variables are sorted.
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a =@= A false
A =@= B true
X(AJA) =@= x(B,C) false
X(AA) =@= x(B,B) true
X(A,B) =@= x(C,D) true

The predicates@=/2 and\=@=/2 are cycle-safe. Attributed variables are considered struc-
turally equal iff their attributes are structurally equal.

+Terml\=@=+Term2
Equivalent to\+Terml =@= Term2’

+Terml@<+Term2
Succeeds iferm1lis beforeTerm2in the standard order of terms.

+Terml @=<+Term2
Succeeds if both terms are equak(2 ) or Termlis beforeTerm2in the standard order of
terms.

+Terml@>+Term2
Succeeds iffermlis afterTerm2in the standard order of terms.

+Terml@>=+Term?2
Succeeds if both terms are equat(2 ) or Termlis afterTerm2in the standard order of terms.

compare(?Order, +Term1, +Termp
Determine or test th®rder between two terms in the standard order of ter@sleris one of
<, > or =, with the obvious meaning.

?=(@Terml1, @Term?2
Decide whether the equality 3ermlandTerm2can be compared safely, i.e. whether the result
of Terml == Term2 can change due to further instantiation of either term. It is defined as
by ?=(A,B) :- (A==B ; A B), . . See alsalif/2

unifyable(@X, @Y, -Unifiey
If X andY can unify, unifyUnifier with a list of Var = Valug representing the bindings required
to makeX andY equivalenf This predicate can handle cyclic terms. Attributed variables are
handles as normal variables. Associated hooksiarexecuted.

4.7 Control Predicates

The predicates of this section implement control structures. Normally these constructs are translated
into virtual machine instructions by the compiler. It is still necessary to implement these constructs
as true predicates to support meta-calls, as demonstrated in the example below. The predicate finds
all currently defined atoms of 1 character long. Note that the cut has no effect when called via one of
these predicates (see !/0).

5This predicate was introduced for the implementatioditi2 ~ andwhen/2 after discussion with Tom Schrijvers and
Bart Demoen. None of us is really happy with the name and therefore suggestions for a new name are welcome.
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one_character_atoms(As) :-
findall(A, (current_atom(A), atom_length(A, 1)), As).

fail

Always fail. The predicatéail/0 s translated into a single virtual machine instruction.
true

Always succeed. The predicateie/0 s translated into a single virtual machine instruction.
repeat

Always succeed, provide an infinite number of choice points.

Cut. Discard choice points of parent frame and frames created after the parent frame. As of
SWiI-Prolog 3.3, the semantics of the cut are compliant with the ISO standard. This implies that
the cutis transparentt®? ,->/2 and*->/2 . Cuts appearing in theonditionpart of->/2
and*->/2 aswell asin+/1 are local to the condition.

tl - (a, !, fail ; b). % cuts a/0 and t1/0
t2 - (@ ->Db, ! ; c). % cuts b/0 and t2/0
t3 - call((a, !, fail ; b)). % cuts a/0
t4 - \+(a, !, fail ; b). % cuts a/0

+Goall, +Goal2
Conjunction. Succeeds if both ‘Goall’ and ‘Goal2’ can be proved. It is defined as (this defini-
tion does not lead to a loop as the second comma is handled by the compiler):

Goall, Goal2 :- Goall, Goal2.

+Goall; +Goal2
The ‘or’ predicate is defined as:

Goall ; Goal2 :- Goall.
_Goall ; Goal2 :- Goal2.

+Goall| +Goal2
Equivalent to/2 . Retained for compatibility only. New code should y&e .

+Condition-> +Action
If-then and If-Then-Else. The>/2 construct commits to the choices made at its left-hand
side, destroying choice-points created inside the clause/Zby), or by goals called by this
clause. Unliké/0 , the choicepoint of the predicate as a whole (due to multiple clauses) is
destroyed. The combinatigr2 and->/2 acts as if defines by:

If -> Then; Else :- If, !, Then.
If -> Then; Else :- !, Else.
If -> Then :- If, !, Then.

"Up to version 4.0.6, the sequence X=!, X acted as a true cut. This feature has been deleted for ISO compliance.
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Please note that (> Then) acts as (B> Then ;fail), making the construdail if the condition
fails. This unusual semantics is part of the ISO and all de-facto Prolog standards.

+Condition*-> +Action ; +Else
This construct implements the so-called ‘soft-cut’. The control is defined as follovidorif
dition succeeds at least once, the semantics is the san@oaslifion Action). If Condition
does not succeed, the semantics is that-of Condition Elsg. In other words, IfCondition
succeeds at least once, simply behave as the conjuncti@orditionand Action, otherwise
executeElse

The construcA *-> B, i.e. without arElsebranche, is translated as the normal conjuncfipn
B.8

\+ +Goal
Succeeds if ‘Goal’ cannot be proven (mnemontaefers toprovableand the backslash J is
normally used to indicate negation in Prolog).

4.8 Meta-Call Predicates

Meta call predicates are used to call terms constructed at run time. The basic meta-call mechanism
offered by SWI-Prolog is to use variables as a subclause (which should of course be bound to a valid
goal at runtime). A meta-call is slower than a normal call as it involves actually searching the database
at runtime for the predicate, while for normal calls this search is done at compile time.

call(+Goal)
Invoke Goal as a goal. Note that clauses may have variables as subclauses, which is identical
to call/1

call(+Goal, +ExtraArgl, ..)
AppendExtraArgl, ExtraArg2, .. to the argument list cdBoaland call the result. For example,

call(plus(1), 2, X) will call plus/3 , bindingXto 3.
The call/[2..] construct is handled by the compiler, which implies that redefinition as a predicate
has no effect. The predicatesll/[2-6] are defined as true predicates, so they can be

handled by interpreted code.

apply(+Term, +List)
Append the members aist to the arguments dfermand call the resulting term. For example:
apply(plus(1), [2, X]) will call plus(1, 2, X) .apply/2 isincorporated inthe
virtual machine of SWI-Prolog. This implies that the overhead can be compared to the overhead
of call/l . New code should use call/[2..] if the lengthldét is fixed, which is more widely
supported and faster because there is no need to build and examine the argument list.

not(+Goal)
Succeeds whe@oal cannot be proven. Retained for compatibility only. New code should use
\+/1 .

once(Goal)
Defined as:

8BUG: The decompiler implemented lojause/2  returns this construct as a normal conjunction too.
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once(Goal) :-
Goal, !.
once/l canin many cases be replaced witli2 . The only difference is how the cut behaves
(see '/0). The following two clauses are identical:
1) a :- once((b, c)), d.
2) a:- b, c->d
ignore(+Goal)

CallsGoalasonce/l , but succeeds, regardless of whetBerl succeeded or not. Defined as:

ignore(Goal) :-
Goal, !.
ignore( ).

call_with _depth_limit( +Goal, +Limit, -Resul}

If Goal can be proven without recursion deeper thahimit levels,

call _with _depth _limit/3 succeeds, bindindResultto the deepest recursion level
used during the proof. OtherwisResultis unified withdepth _limit _exceeded if the

limit was exceeded during the proof, or the entire predicate fa@®dil fails without exceeding
Limit.

The depth-limit is guarded by the internal machinery. This may differ from the depth computed
based on a theoretical model. For examplee/0  is translated into an inlined virtual machine
instruction. Alsorepeat/0 is not implemented as below, but as a non-deterministic foreign
predicate.

repeat.
repeat :-
repeat.

As a result,call _with _depth _limit/3 may still loop inifitly on programs that should
theoretically finish in finite time. This problem can be cured by using Prolog equivalents to
such built-in predicates.

This predicate may be used for theorem-provers to realise techniquéetitive deepening
It was implemented after discussion with Steve Maieoyle @ermine.ox.ac.uk

call_cleanup(Goal, +Catcher, :Cleanup

CallsGoal. If Goalis completely finished, either by deterministic success, failure, its choice-
point being cut or raising an exception a@dtcherunifies to the termination code (see below),
Cleanupis called. Success or failure Gieanupis ignored and possibly choicepoints it created
are destroyed (asnce/1 ). If cleanup throws an exception this is executed as nofmal.

Catcheris unified with a term describing how the call has finished. If this unification fails,
Cleanupis not called.

SBUG: During the execution dEleanup garbage collection and stack-shifts are disabled.
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exit

Goal succeeded without leaving any choicepoints.
fall

Goalfailed.

Goal succeeded with choicepoints and these are now discarded by the execution of a cut
(or orther pruning of the search tree such as if-then-else).

exceptionException
Goalraised the givelicxception

Typical use of this predicate is cleanup of permanent data storage required to elealjte
close file-descriptors, etc. The example below provides a nhon-deterministic search for a termin
a file, closing the stream as needed.

term_in_file(Term, File) :-
open(File, read, In),
call_cleanup(term_in_stream(Term, In), _, close(In)).

term_in_stream(Term, In) :-

repeat,

read(In, T),

( T == end_of file
> 1 fail

; T = Term

).

Note that this predicate is impossible to implement in Prolog other then reading all terms into a
list, close the file and cathember/2 because withoutall _cleanup/3 there is no way to
gain control if the choicepoint left by repeat is killed by a cut.

This predicate is a SWI-Prolog extension. See alslb _cleanup/2 for compatibility to
other Prolog implementations.

call_cleanup(Goal, :Cleanup

4.9

This predicate is equivalent tall _cleanup (Goal, _, Cleanup, calling Cleanupregard-
less of the reason for termination and without providing information. This predicate provides
compatibility to a number of other Prolog implementations.

ISO compliant Exception handling

SWI-Prolog defines the predicatestch/3  andthrow/1 for ISO compliant raising and catching of
exceptions. In the current implementation (4.0.6), most of the built-in predicates generate exceptions,
but some obscure predicates merely print a message, start the debugger and fail, which was the normal
behaviour before the introduction of exceptions.

catch(Goal, +Catcher, :Recover

Behaves asgall/l if no exception is raised when executi@pal. If a exception is raised
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usingthrow/1  while Goal executes, and th€oal is the innermost goal for whicatcher
unifies with the argument ahrow/1 , all choicepoints generated Boal are cut, the system
backtracks to the start ahtch/3  while preserving the thrown exception term dRecoveis
called as ircall/1

The overhead of calling a goal throughtch/3 is very comparable tocall/l . Recovery
from an exception is much slower, especially if the exception-term is large due to the copying
thereof.

throw(+Exception
Raise an exception. The system looks for the inneratsh/3  ancestor for whiclexception
unifies with theCatcherargument of theatch/3  call. Seecatch/3  for details.

ISO demandshrow/1  to make a copy oException walk up the stack to aatch/3 call,
backtrack and try to unify the copy @&xceptionwith Catcher SWI-Prolog delays making a

copy of Exceptionand backtracking until it actually found a matchiogtch/3 goal. The
advantage is that we can start the debugger at the first possible location while preserving the
entire exception context if there is no matchiogtch/3 goal. This aproach can lead to
different behaviour iiGoal and Catcherof catch/3  call share variables. We assume this to

be highly unlikely and could not think of a scenario where this is uséful.

If an exception is raised in a callback from C (see chap)eand not caught in the same
call-back, PL_next _solution() fails and the exception context can be retrieved using
PL_exception()

4.9.1 Debugging and exceptions

Before the introduction of exceptions in SWI-Prolog a runtime error was handled by printing an
error message, after which the predicate failed. If the prdilmg (seecurrent  _prolog _flag/2 )
debug _on_error was in effect (default), the tracer was switched on. The combination of the error
message and trace information is generally sufficient to locate the error.

With exception handling, things are different. A programmer may wish to trap an exception using
catch/3  to avoid it reaching the user. If the exception is not handled by user-code, the interactive
toplevel will trap it to prevent termination.

If we do not take special precautions, the context information associated with an unexpected
exception (i.e, a programming error) is lost. Therefore, if an exception is raised, which is not caught
usingcatch/3  and the toplevel is running, the error will be printed, and the system will enter trace
mode.

If the system is in an non-interactive callback from foreign code and theredatob/3  active
in the current context, it cannot determine whether or not the exception will be caught by the external
routine calling Prolog. It will then base its behaviour on the prdlag debugon_error:

e currentprolog_flag(debugon_error, false)
The exception does not trap the debugger and is returned to the foreign routine calling Prolog,
where it can be accessed usiPlg exception() . This is the default.

e currentprolog_flag(debugon_error, true)
If the exception is not caught by Prolog in the current context, it will trap the tracer to help
analysing the context of the error.

191d like to acknowledge Bart Demoen for his clarifications on these matters.
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While looking for the context in which an exception takes place, it is advised to switch on debug
mode using the predicatiebug/0 .

4.9.2 The exception term

Builtin predicates generates exceptions using a temor (Formal, ConteXt The first argument

is the ‘formal’ description of the error, specifying the class and generic defined context information.
When applicable, the ISO error-term definition is used. The second part describes some additional
context to help the programmer while debugging. In its most generic form this is a term of the form
context (Name/Arity, MessagewhereNamédArity describes the built-in predicate that raised the
error, andViessagerovides an additional description of the error. Any part of this structure may be a
variable if no information was present.

4.9.3 Printing messages

The predicatgrint _message/2 may be used to print a message term in a human readable for-
mat. The other predicates from this section allow the user to refine and extend the message system.
The most common usage pfint _message/2 is to print error messages from exceptions. The
code below prints errors encountered during the executidgoaf, without further propagating the
exception and without starting the debugger.

catch(Goal, E,
(' print_message(error, E),
fall

),

Another common use is to definetessage _hook/3 for printing messages that are normallient,
suppressing messages, redirecting messages or make something happen in addition to printing the
message.

print _messagetKind, +Term)
The predicateprint _message/2 is used to print messages, notably from exceptions in a
human-readable formatKind is one ofinformational , banner , warning , error
help orsilent . A human-readable message is printed to the stnesen _error

If the prolog flag (seeurrent _prolog _flag/2 ) verbose is silent , messages with
Kind informational , orbanner are treated as silent. Segp.

This predicate first translates thderm into a list of ‘message lines’ (see
print _message lines/3  for details). Next it will call the hooknessage _hook/3 to
allow the user intercepting the messagembssage _hook/3 fails it will print the message
unlessKind is silent.

The print _message/2 predicate and its rules are in the file
(plhome/boot/messages.pl , which may be inspected for more information on the
error messages and related error terms.

See alsanessage _to _string/2
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print_messagdines(+Stream, +Prefix, +Linek
Print a message (sgeint _message/2 ) that has been translated to a list of message ele-
ments. The elements of this list are:

(Format-(Args)
WhereFormatis an atom and\rgsis a list of format argument. Handedflarmat/3

flush
If this appears as the last elemedtreamis flushed (seflush _output/1l ) and nofinal
newline is generated.

at _same_line
If this appears as first element, no prefix is printed for the first line and the line-position is
not forced to O (setormat/1 ,"N).

(Format
Handed tdormat/3  asformat(Stream, Format, [])

]
A new line is started and if the message is not complet®théxis printed too.

See als@rint _message/2 andmessage _hook/3 .

messagehook(+Term, +Kind, +Line9
Hook predicate that may be define in the moduiser to intercept messages from
print _message/2 . TermandKind are the same as passedotint _message/2 . Lines
is a list of format statements as described wittint _message _lines/3 . See also
message _to _string/2

This predicate should be defined dynamic and multifile to allow other modules defining clauses
for it too.

messageto_string(+Term, -String
Translates a message-term into a string object (see set@@n Primarily intended to write
messages to Windows in XPCE (see secfid) or other GUI environments.

4.10 Handling signals

As of version 3.1.0, SWI-Prolog is capable to handle software interrupts (signals) in Prolog as well as
in foreign (C) code (see sectiénb.1)).

Signals are used to handle internal errors (execution of a non-existing CPU intruction, arithmetic
domain errors, illegal memory access, resource overflow, etc.), as well as for dealing asynchronous
inter-process communication.

Signals are defined by the POSIX standard and part of all Unix machines. The MS-Windows
Win32 provides a subset of the signal handling routines, lacking the vital funtionality to raise a signal
in another thread for achieving asynchronous inter-process (or inter-thread) communication (Unix
kill() function).

on_signal(+Signal, -Old, :Newy
Determines the reaction @ignal Old is unified with the old behaviour, while the behaviour is
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switched toNew As with similar environment-control predicates, the current value is retrieved
usingon _signal(Signal, Current, Current)

The action description is an atom denoting the name of the predicate that will be called if
Signalarrives.on _signal/3  is a meta predicate, which implies thodule:(Name refers
the (Name/1 in the modulgModule .

Two predicate-names have special meanthgow implies Prolog will map the signal onto a
Prolog exception as described in sectibfl default  resets the handler to the settings active
before SWI-Prolog manipulated the handler.

Signals bound to a foreign function throudtL_signal() are reported using the term
$foreign  _function (Addres}.

After receiving a signal mapped tbrow , the exception raised has the structure
error(signal( (SigName, (SigNum),  (Contex})

One possible usage of this is, for example, to limit the time spent on proving a goal. This
requires a little C-code for setting the alarm timer (see cha&ter

#include <SWI-Prolog.h>
#include <unistd.h>

foreign_t
pl_alarm(term_t time)
{ double t;

if ( PL_get float(time, &t) )
{ alarm((long)(t+0.5));

PL_succeed;

}

PL_fail;
}

install_t
install()
{ PL_register_foreign("alarm”, 1, pl_alarm, 0);

}

Next, we can define the Prolog below. This will rGoal just asonce/l , throwing the excep-
tion error (signal(alrm,_), .) if a timeout occurs?

:- load_foreign_library(alarm).

"Note thatcall _with _depth _limit/2 is defined intime , part of the ‘clib’ package. The version provided in this
library runs on POSIX systems as well as MS-Windows and can schedule multiple concurrent alarms.
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- on_signal(alrm, _, throw).

:- module_transparent
call_with_time_limit/2.

call_with_time_limit(Goal, MaxTime) :-
alarm(MaxTime),
call_cleanup(Goal, _, alarm(0)), !.

The signal names are defined by the C-Posix standards as symbols of the form
SIG_(SIGNAME. The Prolog name for a signal is the lowercase versiofS66NAME. The
predicatecurrent _signal/3  may be used to map between names and signals.

Initially, some signals are mapped ttarow , while all other signals ardefault . The fol-
lowing signals throw an exceptionll , fpe , segv, pipe , alrm , bus, xcpu, xfsz and
vtalrm

current_signal(?Name, ?Id, ?HandIgr
Enumerate the currently defined signal handliNgmeis the signal namdd is the numerical
identifier andHandleris the currently defined handler (see_signal/3 ).

4.10.1 Notes on signal handling

Before deciding to deal with signals in your application, please consider the following:

e Portibility
On MS-Windows, the signal interface is severely limited. Different Unix brands support differ-
ent sets of signals, and the relation between signal name and number may vary.

o Safety
Signal handling is not completely safe in the current implementation, especi#tisoil/ is
used in combination with external foreign code. The system will use the C longjmp() construct
to direct control to the innermo&iL_next _solution() , thus forcing an external procedure
to be abandoned at an arbitrary moment. Most likely not all SWI-Prologs own foreign code
is (yet) safe too. For the multi-threaded versions this is even worse: signals can easily violate
thread synchronisation consistency.

The C-interface described in sectiérb.11provides the optiofPL_SIGSYNCfor registering
a signal handler that delays delivery of signals to a safe point. Unfortunately this may cause
signals to be delayed for a long time if Prolog is executing foreign code.

e Garbage Collection
The garbage collector will block all signals that are handled by Prolog. While handling a signal,
the garbage-collector is disabled.

e Time of delivery
Normally delivery is immediate (or as defined by the operating system used). Signals are
blocked when the garbage collector is active, and internally delayed if they occur within in
a ‘critical section’. The critical sections are generally very short.
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4.11 The ‘block’ control-structure

Theblock/3 predicate and friends have been introduced before ISO competitdb/3  excep-

tion handling for compatibility with some Prolog implementation. The only feature not covered by
catch/3 andthrow/1 is the posibility to execute global cuts. New code should asteh/3
andthrow/1 to deal with exceptions.

block(+Label, +Goal, -ExitValug
ExecuteGoal in ablock Labelis the name of the blockLabelis normally an atom, but the
system imposes no type constraints and may even be a variabt¥alueis normally unified
to the second argument of awit/2  call invoked byGoal.

exit(+Label, +Value
Callingexit/2  makes the innermosiockwhich Labelunifies exit. The block’€xitValueis
unified withValue If this unification fails the block fails.

fail(+Label)
Callingfail/l  makes the innermostockwhich Labelunifies fail immediately. Implemented
as

fail(Label) :- !(Label), fail.

I (+Label)
Cut all choice-points created since the entry of the innertlask which Labelunifies.

4.12 DCG Grammar rules

Grammar rules form a comfortable interfacedifference-lists They are designed both to support
writing parsers that build a parse-tree from a list as for generating a flat list from a term. Unfortunately,
Definite Clause Grammar (DCG) handling is not part of the Prolog standard. Most Prolog engines
implement DCG, but the details differ slightly.

Grammar rules look like ordinary clauses usiag/2 for separating the head and body rather
then:-/2 . Expanding grammar rules is done bypand _term/2 , which adds two additional
argument to each term for representing the difference list. We will illustrate the behaviour by defining
a rule-set for parsing an integer.

integer(l) -->
digit(DO0),
digits(D),
{ number_chars(l, [DO|D])
}

digits([D|T]) -->
digit(D), !,
digits(T).
digits([]) -->
[
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digit(D) -->
[D],
{ code_type(D, digit)
}

The body of a grammar rule can contain three types of terms. A compound term interpreted as a
reference to a grammar-rule. Code betwégen} is interpreted as a reference to ordinary Prolog
code and finally, a list is interpreted as a sequence of literals. The Prolog control-constrlicts (
->/2 Il 2,,/2 and!/0 ) can be used in grammar rules.

Grammar rule-sets are called using the builtin predicaltease/2 andphrase/3

phrasetRuleSet, +InputList
Equivalent tophrase( RuleSet , InputList , [])

phrase@*RuleSet, +InputList, -Rept
Activate the rule-set with given name. ‘InputList’ is the list of tokens to parse, ‘Rest’ is unified
with the remaining tokens if the sentence is parsed correctly. The example below calls the
rule-set ‘integer’ defined above.

?- phrase(integer(X), "42 times", Rest).

X = 42
Rest = [32, 116, 105, 109, 101, 115]

413 Database

SWI-Prolog offers three different database mechanisms. The first one is the common assert/retract
mechanism for manipulating the clause database. As facts and clauses assertadsastiily or
one of its derivatives become part of the program these predicates compile the term given to them.
retract/1 andretractall/1 have to unify a term and therefore have to decompile the pro-
gram. For these reasons the assert/retract mechanism is expensive. On the other hand, once compiled,
queries to the database are faster than querying the recorded database discussed below. See also
dynamic/1

The second way of storing arbitrary terms in the database is using the “recorded database”. In this
database terms are associated wikeyw A key can be an atom, integer or term. In the last case only
the functor and arity determine the key. Each key has a chain of terms associated with it. New terms
can be added either at the head or at the tail of this chain. This mechanism is considerably faster than
the assert/retract mechanism as terms are not compiled, but just copied into the heap.

The third mechanism is a special purpose one. It associates an integer or atom with a key, which
is an atom, integer or term. Each key can only have one atom or integer associated with it. It is faster
than the mechanisms described above, but can only be used to store simple status information like
counters, etc.

abolish(:Predicatelndicatoy
Removes all clauses of a predicate with fundtanctorand arityArity from the database. All
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predicate attributes (dynamic, multifile, index, etc.) are reset to their defaults. Abolishing an
imported predicate only removes the import link; the predicate will keep its old definition in its
definition module.

According to the ISO standar@bolish/1 can only be applied to dynamic procedures.
This is odd, as for dealing with dynamic procedures there is alreathact/1 and
retractall/l . The abolish/1 predicate has been introduced in DEC-10 Prolog pre-
cisely for dealing with static procedures. In SWI-Prolagplish/1  works on static proce-
dures, unless the prolog flégp is set totrue .

Itis advised to useetractall/1 for erasing all clauses of a dynamic predicate.

abolish(+Name, +Arity)
Same asbolish(Name/Arity) . The predicat@bolish/2  conforms to the Edinburgh
standard, while@bolish/1 is ISO compliant.

redefine systempredicate(+Head)
This directive may be used both in moduiger and in normal modules to redefine any system
predicate. If the system definition is redefined in moduder , the new definition is the default
definition for all sub-modules. Otherwise the redefinition is local to the module. The system
definition remains in the modukgystem .

Redefining system predicate facilitates the definition of compatibility packages. Use in other
context is discouraged.

retract(+Term)
WhenTermis an atom or a term it is unified with the first unifying fact or clause in the database.
The fact or clause is removed from the database.

retractall( +Head)
All facts or clauses in the database for which bleadunifies withHeadare removed.

assert@-Term)
Assert a fact or clause in the databa$ermis asserted as the last fact or clause of the corre-
sponding predicate.

assertaf-Term)
Equivalent taassert/l , butTermis asserted as first clause or fact of the predicate.

assertz{Term)
Equivalent toassert/1

assert(tTerm, -Reference
Equivalent toassert/l , but Referencds unified with a unique reference to the asserted
clause. This key can later be used withuse/3  orerase/l

asserta¢-Term, -Referende
Equivalent toassert/2 , butTermis asserted as first clause or fact of the predicate.

assertz(Term, -Referenge
Equivalent toassert/2
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recorda(+Key, +Term, -Referenge
AssertTermin the recorded database under k&y. Keyis an integer, atom or ternReference
is unified with a unique reference to the record (esse/1l ).

recorda(+Key, +Term)
Equivalent tarecorda( Key, Value , ).

recordz(+Key, +Term, -Referenge
Equivalent tarecorda/3 , but puts thelermat the tail of the terms recorded undésy.

recordz(+Key, +Term
Equivalent tarecordz( Key, Value , ).

recorded(+Key, -Value, -Referenge
Unify Valuewith the first term recorded und&eywhich does unifyReferencés unified with
the memory location of the record.

recorded(+Key, -Valug
Equivalent torecorded( Key, Value , ).

erasef-Referencg
Erase a record or clause from the datab&sderencés an integer returned bygcorda/3  or
recorded/3 ,clause/3 ,assert/2 ,asserta/2 orassertz/2 . Otherintegers might

conflict with the internal consistency of the system. Erase can only be called once on a record

or clause. A second call also might conflict with the internal consistency of the system.

flag(+Key, -Old, +New
Keyis an atom, integer or term. Unif@ld with the old value associated witkey. If the
key is used for the first tim®Id is unified with the integer 0. Then store the valueNsw
which should be an integer, float, atom or arithmetic expression, IKmeilflag/3  is a fast

mechanism for storing simple facts in the database. The flag database is shared between threads

and updates are atomic. Example:

:- module_transparent succeeds_n_times/2.

succeeds_n_times(Goal, Times) :-
(  flag(succeeds n_times, Old, 0),
Goal,
flag(succeeds_n_times, N, N+1),
fall
; flag(succeeds_n_times, Times, Old)

12BUG: The system should have a special type for pointers, thus avoiding the Prolog user having to worry about consis-

tency matters. Currently some simple heuristics are used to determine whether a reference is valid.
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4.13.1 Update view

Traditionally, Prolog systems used timmediate update viewew clauses became visible to predi-
cates backtracking over dynamic predicates immediately and retracted clauses became invisible im-
mediately.

Starting with SWI-Prolog 3.3.0 we adhere tbgical update viewwhere backtrackable predicates
that enter the definition of a predicate will not see any changes (either caussesbéng/l  or
retract/1 ) to the predicate. This view is the ISO standard, the most commonly used and the
most ‘safe’’® Logical updates are realised by keeping reference-counts on predicatgsremdtion
information on clauses. Each change to the database causes an increment of the generation of the
database. Each goal is tagged with the generation in which it was started. Each clause is flagged
with the generation it was created as well as the generation it was erased. Only clauses with ‘created’
... 'erased’ interval that encloses the generation of the current goal are considered visible.

4.13.2 Indexing databases

By default, SWI-Prolog, as most other implementations, indexes predicates on their first argument.
SWiI-Prolog allows indexing on other and multiple arguments using the declanmatiex/1
For advanced database indexing, it definash _term/2

hash.term(+Term, -HashKey
If Termis a ground term (seground/1 ), HashKeyis unified with a positive integer value
that may be used as a hash-key to the valueTelinis not ground, the predicate succeeds
immediately, leavingHashKeyan unbound variable.

This predicate may be used to build hash-tables as well as to exploit argument-indexing to find
complex terms more quickly.

The hash-key does not rely on temporary information like addresses of atoms and may be as-
sumed constant over different invocations and versions of SWI-Prolog.hds$ie _term/2
predicate is cycle-safe.

4.14 Declaring predicates properties

This section describes directives which manipulate attributes of predicate definitions. The functors
dynamic/1 , multifile/1 anddiscontiguous/1 are operators of priority 1150 (see/3 ),
which implies the list of predicates they involve can just be a comma separated list:

.- dynamic
foo/O0,
baz/2.

On SWI-Prolog all these directives are just predicates. This implies they can also be called by a pro-
gram. Do not rely on this feature if you want to maintain portability to other Prolog implementations.

dynamic +Name/+Arity, ...
Informs the interpreter that the definition of the predicate(s) may change during execution (us-
ing assert/1  and/orretract/1 ). In the multi-threaded version, the clauses of dynamic

18For example, using the immediate update view, no call to a dynamic predicate is deterministic.
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predicates are shared between the threads. The dirdatead _local/l  provides an alter-
native where each threads has its own clause-list for the predicate. Dynamic predicates can be
turned into static ones usirmpmpile _predicates/1

compile_predicates(ListOfNameArity
Compile a list of specified dynamic predicates (dgpamic/l andassert/1 ) into normal
static predicates. This call tells the Prolog environment the definition will not change anymore
and further calls tassert/1  or retract/1 on the named predicates raise a permission
error. This predicate is designed to deal with parts of the program that is generated at runtime
but does not change during the remainder of the program execdtion.

multifile +Name/+Arity, ...
Informs the system that the specified predicate(s) may be defined over more than one file. This
stopsconsult/l  from redefining a predicate when a new definition is found.

discontiguous+Name/+Arity, . . .
Informs the system that the clauses of the specified predicate(s) might not be together in the
source file. See alsstyle _check/1

index(+Head)
Index the clauses of the predicate with the same name and afitgafon the specified argu-
ments. Headis a term of which all arguments are either ‘1’ (denoting ‘index this argument’)
or ‘0’ (denoting ‘do not index this argument’). Indexing has no implications for the semantics
of a predicate, only on its performance. If indexing is enabled on a predicate a special purpose
algorithm is used to select candidate clauses based on the actual arguments of the goal. This
algorithm checks whether indexed arguments might unify in the clause head. Only atoms, in-
tegers and compound terms are considered. Compound terms are indexed on the combination
of their name and arity. Indexing is very useful for predicates with many clauses representing
facts.

Due to the representation technique used at most 4 arguments can be indexed. All indexed
arguments should be in the first 32 arguments of the predicate. If more than 4 arguments are
specified for indexing only the first 4 will be accepted. Arguments above 32 are ignored for
indexing.

By default all predicates witkiarity) > 1 are indexed on their first argument. It is possible to
redefine indexing on predicates that already have clauses attached to them. This will initiate
a scan through the predicates clause list to update the index summary information stored with
each clause.

If—for example—one wants to represents sub-types using a fact listygd{Sub, Super)’ that
should be used both to determine sub- and super types one should declgnesd@las follows:

- index(sub_type(1, 1)).

sub_type(horse, animal).

14The specification of this predicate is from Richard O’Keefe. The implementation is allowed to optimise the predicate.
This is not yet implemented. In multi-threaded Prolog however, static code runs faster as it does not require synchronization.
This is particulary true on SMP hardware.
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Note that this type of indexing makes selecting clauses much faster but relmagrswith
respect to the number of clauses, while hashing as describedhastiil provides constant
access time.

hash@Head)
Index the given predicate by hashing on the first argument. This is done by default on any pred-
icate with more than 5 clauses having a first argument that can be indexed and at most two that
can not be indexed. On dynamic predicates the hash-table is resized as the number of clauses
grows, providing roughly constant-time access regardless of the number of clauses predicates
that can be indexed on the firstargument. Seeinlyex/1 andpredicate _property/2

4.15 Examining the program

current_atom(-Atom)
Successively unifieAtomwith all atoms known to the system. Note tlwarrent _atom/1
always succeeds Atomis instantiated to an atom.

current _blob(?Blob, ?Typg
Examine the type or enumerate blobs of the gifgpe Typed blobs are supported through
the foreign language interface for storing arbitrary BLOBS (Binary Large Object) or handles to
external entities. See sectiérb.6for details.

current_functor(?Name, ?Arity
Successively unifiedlamewith the name andirity with the arity of functors known to the
system.

current _flag(-FlagKey)
Successively unifieBlagKeywith all keys used for flags (sdkg/3 ).

current _key(-Key)
Successively unifiekKeywith all keys used for records (seecorda/3 |, etc.).

current_predicate(?Name, ?Head
Successively unifieblamewith the name of predicates currently defined atehd with the
most general term built froriflameand the arity of the predicate. This predicate succeeds for
all predicates defined in the specified module, imported to it, or in one of the modules from
which the predicate will be imported if it is called.

current_predicate(Name/Arity)
ISO compliant implementation of current _predicate/2 . Unlike
current _predicate/2 , the current implementation ofturrent _predicate/1
does not consider predicates that can be autoloaded ‘current’.

predicate_property(:Head, ?Property
Succeeds iHeadrefers to a predicate that has propd?tgperty Can be used to test whether a
predicate has a certain property, obtain all properties knowréad find all predicates having
propertyor even obtaining all information available about the current progRwpertyis one
of:
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built _in
Is true if the predicate is locked as a built-in predicate. This implies it cannot be redefined
in its definition module and it can normally not be seen in the tracer.

dynamic
Is true ifassert/1  andretract/1 may be used to modify the predicate. This prop-
erty is set usinglynamic/1

exported
Is true if the predicate is in the public list of the context module.

imported _from(Modulg
Is true if the predicate is imported into the context module from mollddule

file(FileNameg
Unify FileNamewith the name of the source file in which the predicate is defined. See
alsosource _file/2

foreign
Is true if the predicate is defined in the C language.

indexedHead
Predicate is indexed (seedex/1 ) according toHead Headis a term whose name
and arity are identical to the predicate. The arguments are unified with ‘1’ for indexed
arguments, ‘0’ otherwise.

interpreted
Is true if the predicate is defined in Prolog. We return true on this because, although the
code is actually compiled, it is completely transparent, just like interpreted code.

line_count(LineNumbey
Unify LineNumberwith the line number of the first clause of the predicate. Fails if the
predicate is not associated with a file. See alsarce _file/2

multifile
Is true there may be multiple (or no) file providing clauses for the predicate. This property
is set usingnultifile/1

nodebug
Details of the predicate are not shown by the debugger. This is the default for
builtin predicates. User predicates can be compiled this way using the Prolog flag
generate _debug _info

notrace
Do not show ports of this predicate in the debugger.

number_of_clausesClauseCount
Unify ClauseCounto the number of clauses associated with the predicate. Fails for for-
eign predicates.

thread_local
If true (only possible on the multi-threaded version) each thread has its own clauses for
the predicate. This property is set usthgead _local/l

transparent
Is true if the predicate is declared transparent usingrtbdule _transparent/1 dec-
laration.
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undefined
Is true if a procedure definition block for the predicate exists, but there are no clauses for
it and it is not declared dynamic or multifile. This is true if the predicate occurs in the
body of a loaded predicate, an attempt to call it has been made via one of the meta-call
predicates or the predicate had a definition in the past. See the library paticude for
example usage.

volatile
If true, the clauses are not saved into a saved-statgshye _program/[1,2] . This
property is set usingolatile/1

dwim _predicate(+Term, -Dwimn)
‘Do What | Mean’ (‘dwim’) support predicatelermis a term, which name and arity are used as
a predicate specificatiomwim s instantiated with the most general term built frdlameand
the arity of a defined predicate that matches the predicate specifiéerinin the ‘Do What
| Mean’ sense. Sedwim_match/2 for ‘Do What | Mean’ string matching. Internal sys-
tem predicates are not generated, unktgle _check(+dollar) is active. Backtracking
provides all alternative matches.

clauseHead, ?Body
Succeeds wheHeadcan be unified with a clause head @wldywith the corresponding clause
body. Gives alternative clauses on backtracking. For lBotdyis unified with the atontrue.
Normally clause/2 is used to find clause definitions for a predicate, but it can also be used
to find clause heads for some body template.

clause?Head, ?Body, ?Reference
Equivalent taclause/2 , but unifiesReferencevith a unique reference to the clause (see also
assert/2 ,erase/l ). If References instantiated to a reference the clause’s head and body
will be unified with HeadandBody.

nth_clause(Pred, ?Index, ?Reference
Provides access to the clauses of a predicate using their index number. Counting starts at 1.
If Referencas specified it unifiedPred with the most general term with the same name/arity
as the predicate arldddexwith the index-number of the clause. Otherwise the name and arity
of Pred are used to determine the predicate.Inflexis providedReferencewill be unified
with the clause reference. Iidexis unbound, backtracking will yield both the indices and
the references of all clauses of the predicate. The following example finds the 2nd clause of
member/2 :

?- nth_clause(member(_, ), 2, Ref), clause(Head, Body, Ref).

Ref = 160088
Head = system : member(G575, [G578|G579])
Body = member(G575, G579)

clauseproperty(+ClauseRef, -Properly
Queries properties of a claugelauseRefs a reference to a clause as producedlayse/3
nth _clause/3 orprolog _frame _attribute/3 . Propertyis one of the following:
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file(FileNameg
Unify FileNamewith the name of the source file in which the clause is defined. Fails if
the clause is not associated to a file.

line_count(LineNumbey
Unify LineNumbemith the line number of the clause. Falils if the clause is not associated
to afile.

fact
True if the clause has no body.

erased
True if the clause has been erased, but not yet reclaimed because it is referenced.

4.16 Input and output

SWiI-Prolog provides two different packages for input and output. The native I/O system is based
on the 1SO standard predicategen/3 , close/1  and friends:®> Being more widely portable and
equiped with a clearer and more robust specification, new code is encouraged to use these predicates
for manipulation of 1/O streams.

Section4.16.2describegell/1 |, see/l and friends, providing I/O in the spirit of the outdated
Edinburgh standard. These predicates are layered on top of the ISO predicates. Both packages are
fully integrated; the user may switch freely between them.

4.16.1 1SO Input and Output Streams

The predicates described in this section provide ISO compliant I/O, where streams are explicitly cre-
ated using the predicatgen/3 . The resulting stream identifier is then passed as a parameter to the
reading and writing predicates to specify the source or destination of the data.

This schema is not vulnerable to filename and stream ambiguities as well as changes to the work-
ing directory. New code is adviced to use these predicates to manage input and output streams.

open@SrcDest, +Mode, -Stream, +Optiohs
ISO compliant predicate to open a streafrcDesis either an atom, specifying a file, or a
term ‘pipe( Command’, like see/l1 andtell/1 . Modeis one ofread , write , append
or update . Modeappend opens the file for writing, positioning the file-pointer at the end.
Modeupdate opens the file for writing, positioning the file-pointer at the beginning of the file
without truncating the file Streamis either a variable, in which case it is bound to an integer
identifying the stream, or an atom, in which case this atom will be the stream idetftifibe
Optionslist can contain the following options:

type(Typg
Using typetext  (default), Prolog will write a text-file in an operating-system compatible

way. Using typebinary the bytes will be read or written without any translation. Note
there is no difference between the two on Unix systems.

BActually based on Quintus Prolog, providing this interface before the 1ISO standard existed.
15New code should use theias  (Alias) option for compatibility to the ISO standard
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alias(Atom
Gives the stream a name. Below is an example. Be careful with this option as stream-
names are global. See alset _stream/2

?- open(data, read, Fd, [alias(input)]).

read(input, Term),

eof action(Action)
Defines what happens if the end of the input stream is reached. Aatforcode makes
get0/1 and friends return -1 anckad/1 and friends return the atoend _of _file
Repetitive reading keeps yielding the same result. Aatimor is like eof _code , but
repetitive reading will raise an error. With actioeset , Prolog will examine the file
again and return more data if the file has grown.

buffer(Buffering
Defines output buffering. The atofmll  (default) defines full bufferindine  buffering
by line, andfalse implies the stream is fully unbuffered. Smaller buffering is useful
if another process or the user is waiting for the output as it is being produced. See also
flush _output/[0,1] . This option is not an ISO option.

closeon_abort(Bool)
If true (default), the stream is closed on an abort @eert/0 ). If false , the stream
is not closed. If it is an output stream, it will be flushed however. Useful for logfiles and
if the stream is associated to a process (usingipe/l construct).

lock(LockingMode
Try to obtain a lock on the open file. Defaultiene, which does not lock the file. The
valueread or shared means other processes may read the file, but not write it. The
valuewrite orexclusive  means no other process may read or write the file.

Locks are acquired through the POSIX function fcntl() using the comnkaB&TLKW
which makes a blocked call wait for the lock to be released. Please note that fcntl() locks
areadvisoryand therefore only other applications using the same advisory locks honour
your lock. As there are many issues around locking in Unix, expecially related to NFS
(network file system), please study the fcntl() manual page before trusting your locks!

Thelock option is a SWI-Prolog extension.

The optionreposition is not supported in SWI-Prolog. All streams connected to a file may
be repositioned.

open@SrcDest, +Mode, ?Stream
Equivalent toopen/4 with an empty option-list.

opennull _stream(?Strean
Open a stream that produces no output. All counting functions are enabled on such a stream.
An attempt to read from a null-stream will immediately signal end-of-file. Similar to Unix
/dev/null . Streamcan be an atom, giving the null-stream an alias name.
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closef+Stream
Close the specified stream. $treamis not open an error message is displayed. If the closed
stream is the current input or output stream the terminal is made the current input or output.

closefrStream, +Option¥
Providesclose (Stream, [force(true)]as the only option. Called this way, any resource error
(such as write-errors while flushing the output buffer) are ignored.

stream_property( ?Stream, ?StreamPropejty
ISO compatible predicate for querying status of open I/O stre&tnsamPropertys one of:

file_name(Aton)
If Streamis associated to a file, uni#ftomto the name of this file.

mode(OModée
Unify IOModeto the mode given topen/4 for opening the stream. Values aread ,
write , append and the SWI-Prolog extensiapdate .

input
True if Streamhas modeead .

output
True if Streamhas modevrite , append or update .

alias(Atom)
If Atomis bound, test of the stream has the specified alias. OtherwiseAtoifywith the
first alias of the streart.

position(Term)
Unify Term with the current stream-position. A stream-position is a term
of format $stream _position (Charindex, LineNo, LinePds See also

set _stream _position/2

end_of_stream(E)
If Streamis an input stream, uniffe with one of the atomsiot , at or past . See also
at _end _of _stream/[0,1]

eof action(A)
Unify A with one ofeof _code , reset orerror . Seeopen/4 for details.

reposition(Bool)
Unify Boolwith trueif the position of the stream can be set (seek/4 ). It is assumed
the position can be set if the stream hasegk-functiorand is not based on a POSIX
file-descriptor that is not associated to a regular file.

type(T)
Unify Boolwith text or binary

file_no(Integel)
If the stream is associated with a POSIX file-descriptor, uhiifggerwith the descriptor
number. SWI-Prolog extension used primarily for integration with foreign code. See also
Sfileno() fromSWI-Stream.h

"BUG: Backtracking does not give other aliases.

SWI-Prolog 5.4 Reference Manual



4.16. INPUT AND OUTPUT 93
buffer(Buffering
SWI-Prolog extension to query the buffering mode of this stredufferingis one of
full ,line orfalse . See alsmpen/4 .

current_stream(?Object, ?Mode, ?Stregm

The predicatecurrent _stream/3 is used to access the status of a stream as well as to
generate all open stream@bjectis the name of the file opened if the stream refers to an open
file, an integer file-descriptor if the stream encapsulates an operating-system stream or the atom
[] ifthe stream refers to some other objddbdeis one ofread or write

setstream_position(+Stream, +Po%

Set the current position @treamto Pos Posis a term as returned kstream _property/2
using theposition  (Po9 property. See alsseek/4 .

seek(Stream, +Offset, +Method, -NewLocatipn

Reposition the current point of the giv&tream Methodis one ofbof , currentor eof indicat-
ing positioning relative to the start, current point or end of the underlying objest/Location
is unified with the new offset, relative to the start of the stream.

If the seek modifies the current location, the line number and character position in the line are
setto 0.

If the stream cannot be repostionedie@osition error is raised. The predicaseek/4

is compatible to Quintus Prolog, though the error conditions and signalling is ISO compliant.
See alsstream _property/2 andset _stream _position/2 . Please note that the use

of seek/4 on non-binary files (seepen/4 ) is of limited use as the reffered positions are byte
offsets.

setstream(+Stream, +Attribut@

Modify an attribute of an existing streanittribute specifies the stream property to set. See
alsostream _property/2  andopen/4 .

alias(AliasNameg
Set the alias of an already created stream\liisNames the name of one of the standard
streams is used, this stream is rebound. Thes, stream(S, current Jnput) is
the same aset _input/1  and by setting the alias of a streamuger _input , etc. all
user terminal input is read from this stream. See adtgractor/0

buffer(Buffering
Set the buffering mode of an already created stream. Buffering is ol of, line or
false

eof action(Action)
Set end-of-file handling to one ebf _code , reset or error

closeon_abort(Bool)
Determine whether or not the stream is closedabyprt/0 . By default streams are
closed.

timeout(Secondp
This option can be used to make streams generate an exception if it takes longer than
Seconddbefore any new data arrives at the stream. The valiirgite (default) makes the
stream block indefinitely. Likavait _for _input/3 , this call only applies to streams
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that support the select() system call. For further information about timeout handling, see
wait _for _input/3 . The exception is of the form

error (timeout _error (read, Stream),)

record_position(Bool)
Do/do not record the line-count and line-position (séee _count/2  and
line _position/2 ).

file_name(FileNamé
Set the file name associated to this stream. This call can be used to set the file for error-
locations if Streamcorresponds téileNameand is not optained by opening the file di-
rectly but, for example, through a network service.

setprolog_lIO(+In, +Out, +Error)

Prepare the given streams for interactive behaviour normally associated to the terminal.
In becomes thauser _input andcurrent _input of the calling thread. Out becomes

user _output andcurrent _output . If Error equalsOut an unbuffered stream is as-
sociated to the same destination and linkediser _error . OtherwiseError is used for

user _error . Output buffering forOut is set toline and buffering onError is dis-
abled. See alsprolog/0 andset _stream/2 . Theclib package provides the library
prolog _server creating a TCP/IP server for creating an interactive session to Prolog.

4.16.2 Edinburgh-style I/O

The package for implicit input and output destination is (almost) compatible to Edinburgh DEC-10
and C-Prolog. The reading and writing predicates refer to resguhientinput- and output stream.
Initially these streams are connected to the terminal. The current output stream is changed using
tell/1 or append/1 . The current input stream is changed ussag/1 . The streams current

value can be obtained usitegjling/1 for output- andseeing/1  for input streams.

Source and destination are either a filsser , or a term ‘pipeCommangyl. The reserved
stream nameiser refers to the termindf In the predicate descriptions below we will call the
source/destination argumerrcDest Below are some examples of source/destination specifica-
tions.

?- see(data). % Start reading from file ‘data’.
?- tell(user). % Start writing to the terminal.
?- tell(pipe(lpr)). % Start writing to the printer.

Another example of using theipe/1  construct is shown beloW. Note that thepipe/1  con-
struct is not part of Prolog’s standard I/O repertoire.

getwd(Wd) :-
seeing(Old), see(pipe(pwd)),
collect_wd(String),
seen, see(Old),
atom_codes(Wd, String).

18The ISO I/O layer usegser _input ,user _output anduser _error .
As of version 5.3.15, the pipe construct is supported in the MS-Windows version, botbiclam.exe  and
plwin.exe . The implementation uses code from the LUA programming languatge {www.lua.org ).
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collect_ wd([C|R]) :-
get0(C), C \== -1, |
collect_wd(R).
collect_wd([]).

Compatibility notes

Unlike Edinburgh Prolog systemgelling/1 andseeing/1  do not return the filename of the
current input/output, but the stream-identifier, to ensure the design pattern below works under all
circumstance$’

'.[.éiling(OId), tell(x),

told, tell(Old),

The predicatetell/1  andsee/l first check foruser , thepipe (commanjdland a stream-handle.
Otherwise, if the argument is an atom it is first compared to open streams associated to a file with
exactlythe same name. If such a stream, created ushg or see/l exists, output (input) is
switch to the open stream. Otherwise a file with the specified name is opened.

The behaviour is compatible to Edinburgh Prolog. This is not without problems. Changing direc-
tory, non-file streams, multiple names referring to the same file easily lead to unexpected behaviour.
New code, especially when managing multiple /0O channals should consider using the 1ISO 1/O predi-
cates defined in sectigh16.1

see¢SrcDes)
OpenSrcDestfor reading and make it the current input (s _input/1 ). If SrcDestis a
stream-handle, just makes this stream the current input. See the introduction of §eifi@n
for details.

tell(+SrcDes}
OpenSrcDesffor writing and make it the current output (seet _output/l ). If SrcDests a
stream-handle, just makes this stream the current output. See the introduction of £4di@n
for detalils.

append(File)
Similar totell/1 , but positions the file pointer at the end [fe rather than truncating an
existing file. The pipe construct is not accepted by this predicate.

seeingPSrcDest
Same agurrent _input/1 , except thatuiser is returned if the current input is the stream
user _input to improve compatibility with traditional Edinburgh 1/0O. See the introduction of
section4.16.2for details.

2Fjlenames can be ambiguous and SWI-Prolog streams can refer to much more than just files.
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telling(?SrcDest
Same asurrent _output/l , except thatiser is returned if the current output is the stream
user _output to improve compatibility with traditional Edinburgh 1/0. See the introduction
of section4.16.2for details.

seen
Close the current input stream. The new input stream becases$nput

told
Close the current output stream. The new output stream beagseesutput

4.16.3 Switching Between Edinburgh and ISO I/O

The predicates below can be used for switching between the implicit- and the explicit stream based
I/O predicates.

setinput(+Streamn)
Set the current input stream to beco8teeam Thus, open(file, read, Stream), seput(Stream)
is equivalent to see(file).

setoutput(+Strean)
Set the current output stream to becoBiseam

current _input(-Stream
Get the current input stream. Useful to get access to the status predicates associated with
streams.

current _output(-Stream)
Get the current output stream.

4.17 Status of streams

wait_for _input(+ListOfStreams, -ReadyList, +TimeQut
Wait for input on one of the streamsliistOfStreamsind return a list of streams on which input
is available inReadyList wait _for _input/3  waits for at mosfTimeOutseconds.Timeout
may be specified as a floating point number to specify fractions of a secofichdbutequals
infinite  , wait _for _input/3  waits indefinitely?*

This predicate can be used to implement timeout while reading and to handle input from multi-
ple sources. The following example will wait for input from the user and an explicitly opened
second terminal. On returinputsmay holduser or P4 or both.

?- open(/devittypd’, read, P4),
wait_for_input([user, P4], Inputs, 0).

2For compatibility reasons, Eimeoutvalue of 0 (integer) also waits indefinitely. To call select() without giving up the
CPU pass the float 0.0. If compatibility with versions older than 5.1.3 is desired pass the float value le-7.
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This predicate relies on the select() call on most operating systems. On Unix this call is imple-
mented for any stream referring to a file-handle, which implies all OS-based streams: sockets,
terminals, pipes, etc. On non-Unix systems select() is generally only implemented for socket-
based streams. See ammcket from theclib package.

Note thatwait _for _input/3  returns streams that have data waiting. This does not mean
you can, for example, cattad/2 on the stream without blocking as the stream might hold

an incomplete term. The predicaget _stream/2 using the optiortimeout (Secondscan

be used to make the stream generate an exception if no new data arrives for within the timeout.
Suppose two processes communicate by exchanging Prolog terms. The following code makes
the server immune for clients that write an incomplete term:

tcp_accept(Server, Socket, _Peer),
tcp_open(Socket, In, Out),

set_stream(In, timeout(10)),

catch(read(In, Term), _, (close(Out), close(In), fail)),

character_count(+Stream, -Cournjt
Unify Countwith the current character index. For input streams this is the number of characters
read since the open, for output streams this is the number of characters written. Counting starts
at 0.

line_count(+Stream, -Courjt
Unify Countwith the number of lines read or written. Counting starts at 1.

line_position(+Stream, -Count
Unify Countwith the position on the current line. Note that this assumes the position is O after
the open. Tabs are assumed to be defined on each 8-th character and backspaces are assumed to
reduce the count by one, provided it is positive.

fileerrors(-Old, +New)
Define error behaviour on errors when opening a file for reading or writing. Valid values are the
atomson (default) andoff . FirstOld is unified with the current value. Then the new value is
set toNew??

With the introduction of exception-handling, it is adviced to gséch/3  to catch possibly
file-errors and act accordingly. Note thafileerrorsis off , noexception is generated.

4.18 Primitive character I/O

See sectiod.2for an overview of supported character representations.

nl
Write a newline character to the current output stream. On Unix systéfhs is equivalent to
put(10)
2Note that Edinburgh Prolog definéikerrors/0 andnofileerrors/0 . As this does not allow you to switch

back to the old mode I think this definition is better.
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nl(+Streamn)
Write a newline tdStream

put(+Char)
Write Char to the current output strear@har is either an integer-expression evaluating to a
character coded(< Char < 255) or an atom of one character.

put(+Stream, +Chayj
Write Charto Stream

put_byte(+Byte)
Alias for put/1

put_byte(+Stream, +Bytég
Alias for put/2

put_char(+Char)
Alias for put/1

put_char(+Stream, +Cha}
Alias for put/2

put_code@Code
Alias for put/1

put_code(Stream, +Codg
Alias for put/2

tab(+Amoun)
Writes Amountspaces on the current output streadkmountshould be an expression that eval-
uates to a positive integer (see sectiopo).

tab(+Stream, +Amourjt
Writes Amountspaces t@tream

flush_output
Flush pending output on current output stredlosh _output/O  is automatically generated
byread/1 and derivatives if the current input streamuiser and the cursor is not at the left
margin.

flush_output(+Stream
Flush output on the specified stream. The stream must be open for writing.

ttyflush
Flush pending output on streamer. See alsdlush _output/[0,1]

get byte(-Byte
Read the current input stream and unify the next byte ®itte(an integer between 0 and 255.
Byteis unified with -1 on end of file.

get byte(+Stream, -Bytg
Read the next byte fror8tream

SWI-Prolog 5.4 Reference Manual



4.18. PRIMITIVE CHARACTER I/O 99

get.codefCode
Read the current input stream and un@pdewith the character code of the next character.
Codeis unified with -1 on end of file. See alg®t _char/1

get.code@+Stream, -Codg
Read the next character-code fr@tmweam

get.char(-Cha
Read the current input stream and ur(iar with the next character as a one-character-atom.
See alsatom _chars/2 . On end-of-fileCharis unified to the atonend _of _file

get.char(+Stream, -Chay
Unify Char with the next character fronBtream as a one-character-atom. See also
get char/2 ,get _byte/2 andget _code/2 .

getO(Char)
Edinburgh version of the ISQet _byte/1 predicate.

getO@Stream, -Chay
Edinburgh version of the 1IS@et _byte/2 predicate.

get(-Char)
Read the current input stream and unify the next non-blank characte€Chath Charis unified
with -1 on end of file.

get(+Stream, -Chay
Read the next non-blank character fr&meam

peek byte(-Byte
Reads the next input byte lilget _byte/1 , but does not remove it from the input stream.

peek byte(+Stream, -Bytg
Reads the next input byte lilget _byte/2 , but does not remove it from the stream.

peek codefCode
Reads the next input code lilget _code/l |, but does not remove it from the input stream.

peek codef+Stream, -Codg
Reads the next input code liet _code/2 , but does not remove it from the stream.

peek char(-Char)
Reads the next input character liget _char/1 , but does not remove it from the input stream.

peek char(+Stream, -Chay
Reads the next input character liget _char/2 , but does not remove it from the stream.

skip(+Char)
Read the input untiChar or the end of the file is encountered. A subsequent cajeto/1
will read the first character aft€har.

skip(+Stream, +Chaj
Skip input (asskip/1 ) on Stream
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getsingle char(-Char)
Get a single character from input stream ‘user’ (regardless of the current input stream). Unlike
get0/1 this predicate does not wait for a return. The character is not echoed to the user’s
terminal. This predicate is meant for keyboard menu selection etc. If SWI-Prolog was started
with the-tty  option this predicate reads an entire line of input and returns the first non-blank
character on this line, or the character code of the newline (10) if the entire line consisted of
blank characters.

at_end_of_stream
Succeeds after the last character of the current input stream has been read. Also succeeds if
there is no valid current input stream.

at_end_of_stream(+Stream)
Succeeds after the last character of the named stream is reStteamis not a valid input
stream. The end-of-stream test is only available on buffered input stream (unbuffered input
streams are rarely used, sgeen/4 ).

copy._stream_data(+Streamin, +StreamOut, +Lgn
CopyLenbytes from streanstreaminto StreamOut

copy.stream_data(+Streamin, +StreamOit
Copy data all (remaining) data from stre@treaminto StreamOut

read_pending.input(+Streamin, -Codes, ?Tall
Read input pending in the input buffer 8treamlnand return it in the difference lisCodes
Tail. l.e. the available characters codes are used to create tRmtssending in the tailTail.
This predicate is intended for efficient unbuffered copying and filtering of input comming from
network connections or devices.

The following code fragment realises effient non-blocking copy of data from an input- to an
output stream. Theat _end of stream/1 call checks for end-of-stream and fills the in-
put buffer. Note that the use of get _code/2 andput _code/2 based loop requires a
flush _output/l  call aftereachput code/2 . Thecopy _stream _data/2 does not al-

low for inspection of the copied data and suffers from the same buffering issues.

copy(ln, Out) :-

repeat,

( at_end_of stream(In)

> !

; read_pending_input(In, Chars, []),
format(Out, "s’, [Chars]),
flush_output(Out),
fall

).

4.19 Term reading and writing

This section describes the basic term reading and writing predicates. The predicates
term _to _atom/2 , atom _to _term/3 andsformat/3  provide means for translating atoms and
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strings to terms. The predicatiEsmat/[1,2] andwritef/2 provide formatted output.
There are two ways to manipulate the output format. The predjmane/[1,2] may be
programmed usingortray/l . The format of floating point numbers may be manipulated using

the prologflag (seecurrent _prolog _flag/2 )float _format .
Reading is sensitive to the proldiag character _escapes , which controls the interpretation
of the\ character in quoted atoms and strings.

write _term(+Term, +Option3
The predicatavrite _term/2 is the generic form of all Prolog term-write predicates. Valid

options are:

attributes(Atom)
Define how attributed variables (see sectiof) are written. The default is determined by
the prolog flagvrite _attributes . Defined values angnhore (ignore the attribute),

dots (write the attributes a§..} ), write (simply hand the attributes recursively to
write _term/2 )andportray (hand the attributes tattr _portray _hook/2 ).

backquoted string(Bool)
If true , write a string object (see sectign23 as* ... . The default depends on the
prolog flag with the same name.

character_escaped8ool)
If true , andquoted (true) is active, special characters in quoted atoms and strings are
emitted as 1ISO escape-sequences. Default is taken from the reference module (see below).

ignore_opsBool)
If true , the generic term-representatidfuficton ((args .. .)) will be used for all terms,
Otherwise (default), operators, list-notation ghd'1 will be written using their special
syntax.

max_depth(Intege)
If the term is nested deeper thareger, print the remainder as eclipse (...). A 0 (zero)
value (default) imposes no depth limit. This option also delimits the number of printed for
a list. Example:

?- write_term(a(s(s(s(s(0)))), [a,b,c,d,e,f]), [max_depth(3)]).
a(s(s(...)), [a, bl...D

Yes

Used by the toplevel and debugger to limit screen output. See also the prolog-flags
toplevel _print _options anddebugger _print _options

module(Modulg
Define the reference module (defaulkser ). This defines the default value for the
character _escapes option as well as the operator definitions to use. Seeaitd .

numbervars(Bool)
If true , terms of the forma®VAR(N), where(N) is a positive integer, will be writ-
ten as a variable name. N is an atom it is written without quotes. This extension
allows for writing variables with user-provided names. The defauialse . See also
numbervars/3
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portray(Bool)
If true , the hookportray/1 s called before printing a term that is not a variable. If
portray/l  succeeds, the term is considered printed. Seemlat’l . The default
is false . This option is an extension to the ISO wrierm options.

guoted(Bool)
If true , atoms and functors that needs quotes will be quoted. The deféailsés .

write _term(+Stream, +Term, +Options
Aswrite _term/2 , but output is sent t&treanmrather than the current output.

write _canonicalTerm)
Write Termon the current output stream using standard parenthesised prefix notation (i.e., ig-
noring operator declarations). Atoms that need quotes are quoted. Terms written with this
predicate can always be read back, regardless of current operator declarations. Equivalent to
write _term/2 using the optionggnore _ops andquoted .

write _canonical@*Stream, +Term
Write Termin canonical form orStream

write(+Term)
Write Term to the current output, using brackets and operators where appropriate. See
current _prolog _flag/l2 for controlling floating point output format.

write(+Stream, +Term
Write Termto Stream

writeq(+Term)
Write Termto the current output, using brackets and operators where appropriate. Atoms that
need quotes are quoted. Terms written with this predicate can be read bacleadith
provided the currently active operator declarations are identical.

writeq(+Stream, +Term
Write Termto Stream inserting quotes.

print( +Term)
PrintsTermon the current output stream similarwwite/1 , but for each (sub)term dferm
first the dynamic predicateortray/1  is called. If this predicate succeegignt assumes the
(sub)term has been written. This allows for user defined term writing.

print( +Stream, +Term
Print Termto Stream

portray( +Term)
A dynamic predicate, which can be defined by the user to change the behavjimtf
on (sub)terms. For each subterm encountered that is not a vapahtél first calls
portray/1 using the term as argument. For lists only the list as a whole is given to
portray/l . If portray succeedprint/1  assumes the term has been written.

read(-Term)
Read the next Prolog term from the current input stream and unify it Tatihn On a syntax

SWI-Prolog 5.4 Reference Manual



4.19. TERM READING AND WRITING 103

errorread/1l displays an error message, attempts to skip the erroneous term and fails. On
reaching end-of-fildermis unified with the atonend _of _file

read(+Stream, -Term
ReadTermfrom Stream

read_clause{Term)
Equivalent toread/1 , but warns the user for variables only occurring once in a term (sin-
gleton variables) which do not start with an underscorgtyfe _check(singleton) is
active (default). Used to read Prolog source files smesult/1 ). New code should use
read _term/2 with the optionsingletons(warning)

read_clause(Stream, -Term
Read a clause fror8tream Seeread _clause/1

read_term(-Term, +Option$
Read a term from the current input stream and unify the term Watm The reading is con-
trolled by options from the list 0Options If this list is empty, the behaviour is the same as
forread/1 . The options are upward compatible to Quintus Prolog. The argument order is ac-
cording to the ISO standard. Syntax-errors are always reported using exception-handling (see
catch/3 ). Options:

variables(Vars)
Unify Varswith a list of variables in the term. The variables appear in the order they have
been read. See alserm _variables/2 . (1S0O).

variable_namesy/ar9
Unify Varswith a list of ‘Name= Var, where Nameis an atom describing the variable
name and/ar is a variable that shares with the corresponding variableim (ISO).

singletonsy/ars)
As variable _names, but only reports the variables occurring only once in Teem
read. Variables starting with an underscorg @re not included in this list. (ISO).

syntax_errors(Atom)
If error (default), throw and exception on a syntax error. Other valuefadre , which
causes a message to be printed upiigt _message/2 , after which the predicate fails,
quiet which causes the predicate to fail silently atet10 which causes syntax errors
to be printed, after whichead _term/[2,3] continues reading the next term. Using
decl0, read _term/[2,3] never fails. (Quintus, SICStus).

module(Modulg
SpecifyModulefor operatorscharacter _escapes flag anddouble _quotes flag.
The value of the latter two is overruled if the correspondiagd _term/3 option is
provided. If no module is specified, the current ‘source-module’ is used. (SWI-Prolog).

character_escapedBool)
Defines how to read escape-sequences in quoted atoms. See the prolog-flags
character _escapes ,current _prolog _flag/2 . (SWI-Prolog).

double_quotesBool)
Defines how to read strings. See the prolog-flageuble _quotes ,
current _prolog _flag/l2 . (SWI-Prolog).

” ”
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backquoted string(Bool)
If true , read' ..." to a string object (see sectigh23. The default depends on the
prolog flag with the same name.

term_position(Pog
UnifiesPoswith the starting position of the term rea@osif of the same format as use by
stream _property/2

subterm_positions(TermPo3
Describes the detailed layout of the term. The formats for the various types of terms if
given below. All positions are character positions. If the input is related to a normal
stream, these positions are relative to the start of the input, when reading from the terminal,
they are relative to the start of the term.

From-To
Used for primitive types (atoms, numbers, variables).
string_position(From, To)
Used to indicate the position of a string enclosed in double qubles (
brace_term_position(From, To, Arg)
Term of the form{... }, as used in DCG rule\rg describes the argument.
list_position(From, To, EIms, Tail)
A list. Elmsdescribes the positions of the elements. If the list specifies the tail
as| (TailTerm, Tail is unified with the term-position of the tail, otherwise with the
atomnone.
term _position(From, To, FFrom FTo, SubPo}
Used for a compound term not matching one of the ab&#om andFTo describe
the position of the functor.SubPosis a list, each element of which describes the
term-position of the corresponding subterm.

read_term(+Stream, -Term, +Options
Read term with options frorBtream Seeread _term/2

read_history(+Show, +Help, +Special, +Prompt, -Term, -Bindings
Similar toread _term/2 using the optiorvariable _names, but allows for history substi-
tutions.read _history/6 is used by the top level to read the user’s acti@tswowis the com-
mand the user should type to show the saved evétdtp is the command to get an overview
of the capabilitiesSpecialis a list of commands that are not saved in the histBrgmptis the
first prompt given. Continuation prompts for more lines are determingurdayipt/2 . A %w
in the prompt is substituted by the event number. See sektithor available substitutions.

SWiI-Prolog callgead _history/6 as follows:

read_history(h, ’lh’, [trace], '%w ?- ’, Goal, Bindings)

prompt(-Old, +New)
Set prompt associated witiead/1 and its derivatives.Old is first unified with the current
prompt. On success the prompt will be setNew if this is an atom. Otherwise an error
message is displayed. A prompt is printed if one of the read predicates is called and the cursor
is at the left margin. It is also printed whenever a newline is given and the term has not been
terminated. Prompts are only printed when the current input streaseis
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promptl(+Prompf)
Sets the prompt for the next line to be read. Continuation lines will be read using the prompt
defined byprompt/2

4.20 Analysing and Constructing Terms

functor(?Term, ?Functor, ?Arity
Succeeds iTermis a term with functoFunctorand arityArity. If Termis a variable it is unified
with a new term holding only variablesunctor/3  silently fails on instantiation fauls If
Termis an atom or numbeFunctorwill be unified withTermand arity will be unified with the
integer O (zero).

arg(?Arg, ?Term, ?Value
Term should be instantiated to a terrArg to an integer between 1 and the arity Térm
Valueis unified with theArg-th argument offerm Arg may also be unbound. In this case
Value will be unified with the successive arguments of the term. On successful unifica-
tion, Arg is unified with the argument number. Backtracking yields alternative solutfons.
The predicatearg/3 fails silently if Arg = 0 or Arg > arity and raises the exception
domain _error(not  _less _then _zero, Arg) if Arg< 0.

?Term=.. 7?List
Listis a list which head is the functor dermand the remaining arguments are the arguments
of the term. Each of the arguments may be a variable, but not both. This predicate is called
‘Univ’. Examples:
?- foo(hello, X) =.. List.
List = [foo, hello, X]

?- Term =.. [baz, foo(1)]

Term = baz(foo(1))

numbervars(+Term, +Start, -Endl
Unify the free variables ofermwith a term$VARN), whereN is the number of the variable.
Counting starts gtart Endis unified with the number that should be given to the next variable.
Example:

?- numbervars(foo(A, B, A), 0, End).

A = '$VAR’(0)
B = '$VAR'(1)
End = 2

Zn version 1.2 instantiation faults led to error messages. The new version can be used to do type testing without the
need to catch illegal instantiations first.
%The instantiation pattern (-, +, ?) is an extension to ‘standard’ Prolog.
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See also thaumbervars option towrite _term/3 andnumbervars/4

numbervars(+Term, +Start, -End, +Options
As numbervars/3 , but providing the following options:

functor _name@Atom)
Name of the functor to use instead®fAR

attvar(+Action)
What to do if an attributed variable is encountered. Optionsséie , which causes
numbervars/3  to ignore the attributed variablbind which causes it to thread it as a
normal variable and assign the n@tARN) term to it or (defaulterror  which raises
the atype _error exception’®

term_variables(+Term, -Lis)

Unify List with a list of variables, each sharing with a unique variabld@m?® See also
term _variables/3 . For example:

?- term_variables(a(X, b(Y, X), Z), L).

L = [G367, G366, G371]
X = G367
Y = G366
Z = G371

term_variables(+Term, -List, ?Tali)
Difference list version oferm _variables/2 . l.e. Tail is the tail of the variable-listist.

copy_term(+In, -Out)
Create a version ifn with renamed (fresh) variables and unify it@ut Attributed variables
(see sectiot®.l) have their attributed copied. The implementatiorcopy _term/2 can deal
with infinite trees (cyclic terms). As pure Prolog cannot distinguish a ground term from another
ground term with exactly the same structure, ground sub-termsharedbetweenn andOut
Sharing ground terms does affesettarg/3 . SWI-Prolog providesluplicate  _term/2 to
create a true copy of a term.

4.20.1 Non-logical operations on terms

Prolog is not capable tmodifyinstantiated parts of a term. Lacking that capability makes that lan-
guage much safer, but unfortunately there are problems that suffer severely in terms of time and/or
memory usage. Always try hard to avoid the use of these primitives, but they can be a good alternative
to using dynamic predicates. See also sedii@discussing the use of global variables.

ZThis behaviour was decided after a long discussion between David Reitter, Richard O’Keefe, Bart Demoen and Tom
Schrijvers.

%This predicate used to be callége _variables/2 . The namégerm _variables/2 is more widely used. The
old predicate is still available from the librabackcomp .
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setarg@Arg, +Term, +Valug
Extra-logical predicate. Assigns tideg-th argument of the compound teffarmwith the given
Value The assignment is undone if backtracking brings the state back into a position before the
setarg/3 call. See alsmb _setarg/3

This predicate may be used for destructive assignment to terms, using them as and extra-logical
storage bin. Always try hard to avoid the usesefarg/3  as it is not supported by many
Prolog systems and one has to be very careful about unexpected copying as well as unexpected
not copying of terms.

nb_setarg(+Arg, +Term, +Valug
Assigns theArg-th argument of the compound teffermwith the givenValueassetarg/3
but on backtracking the assignmentnist reversed. I[fTermis not atomic, it is duplicated
usingduplicate  _term/2 . This predicate uses the same techniquetasetval/2 . We
therefore refer to the descriptionmb _setval/2  for details on non-backtrackable assignment
of terms. This predicate is compatible to GNU-Prosegarg (A,T,V,falsg removing the type-
restriction onValue See alsmb _linkarg/3 . Below is an example for counting the number
of solutions of a goal. Note that this implementation is thread-safe, reentrant and capable of
handling exceptions. Realising these features with a traditional implementation as discusses
with flag/3  is much more complicated.

:- module_transparent succeeds n_times/2.

succeeds_n_times(Goal, Times) :-

Counter = counter(0),

( Goal,
arg(1, Counter, NO),
N is NO + 1,
nb_setarg(1, Counter, N),
fall

; arg(1, Counter, Times)

nb_linkarg(+Arg, +Term, +Valug
As nb _setarg/3 , but like nb _linkval/2 it doesnot duplicateValue Use with extreme
care and consult the documentatiombf_linkval/2 before use.

duplicate_term(+In, -Out)
Version of copy _term/2 that also copies ground terms and therefore ensures destruc-
tive modification usingsetarg/3  does not affect the copy. See alsb _setval/2 |,
nb _linkval/2 , Nb_setarg/3  andnb _linkarg/3

4.21 Analysing and Constructing Atoms

These predicates convert between Prolog constants and lists of character codes. The predicates
atom _codes/2 , number _codes/2 andname/2 behave the same when converting from a con-
stant to a list of character codes. When converting the other way aratioh,_codes/2  will
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generate an atonmumber _codes/2 will generate a number or exception amame/2 will return
a number if possible and an atom otherwise.

The 1SO standard definegom _chars/2 to describe the ‘broken-up’ atom as a list of one-
character atoms instead of a list of codes. Upto version 3.2.x, SWI-Praddgra _chars/2
behaved, compatible to Quintus and SICStus Prolog, like atodes. As of 3.3.x SWI-Prolog
atom _codes/2 andatom _chars/2 are compliant to the ISO standard.

To ease the pain of all variations in the Prolog community, all SWI-Prolog predicates behave as
flexible as possible. This implies the ‘list-side’ accepts either a code-list or a char-list and the ‘atom-
side’ accept all atomic types (atom, number and string).

atom_codesPAtom, ?Strind
Convert between an atom and a list of character codestothis instantiated, if will be trans-
lated into a list of character codes and the result is unified Sfitimg. If Atomis unbound and
Stringis a list of character codes, it wiltomwill be unified with an atom constructed from
this list.

atom_chars(?Atom, ?CharList
As atom _codes/2 , butCharListis a list of one-character atoms rather than a list of character
codeé’.

?- atom_chars(hello, X).
X =1h, e I, 1, 0]

char_code(?Atom, ?Code
Convert between character and character code for a single chafacter.

number_chars(?Number, ?CharLi3t
Similar to atom _chars/2 , but converts between a number and its representation as a list
of one-character atoms. Fails withrgpresentation _error if Numberis unbound and
CharListdoes not describe a number.

number_codesPNumber, ?CodeL.iyt
As number _chars/2 , but converts to a list of character codes rather than one-character
atoms. In the mode -, +, both predicates behave identically to improve handling of non-ISO
source.

atom_number(?Atom, ?Numbér
Realises the popular combinationaibm _codes/2 andnumber _codes/2 to convert be-
tween atom and number (integer or float) in one predicate, avoiding the intermediate list.

name(? AtomOrint, ?Striny
Stringis a list of character codes representing the same teft@a Each of the arguments
may be a variable, but not both. Whé&iringis bound to an character code list describing an
integer andAtomis a variableAtomwill be unified with the integer value described Byring
(e.g. name(N, "300"), 400 is N + 100 " succeeds).

2'Upto version 3.2.xatom _chars/2 behaved as the curreatom _codes/2 . The current definition is compliant with
the 1ISO standard

This is also callechtom _char/2 in older versions of SWI-Prolog as well as some other Prolog implementations.
atom _char/2 is available from the librarppackcomp.pl
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int_to_atom(+Int, +Base, -Aton)
Convertint to an textual representation using b&aseand unify the result withAtom If
Base+# 10 the base will be prependedAdom Base= 0 will try to interpretint as an character
codes and retur@y’ (c). Otherwise2 < Base< 36. Some examples are given below.

int_to_.atom(45,2,A) — A =2101101
int_to_.atom(97,0,A) — A=00a
int_to_.atom(56, 10,A) — A =56

int_to_atom(+Int, -Atom)
Equivalent tant _to _atom(int, 10, Atom)

term_to_atom(?Term, ?Atomn
Succeeds iAtomdescribes a term that unifies willerm WhenAtomis instantiatedAtomis
converted and then unified wiferm If Atomhas no valid syntax, syntax _error exception
is raised. Otherwis&ermis “written” on Atomusingwrite/1

atom_to_term(+Atom, -Term, -Bindings
UseAtomas input toread _term/2 using the optiorvariable _names and return the read
term in Termand the variable bindings iBindings Bindingsis a list of Name= Var couples,
thus providing access to the actual variable names. Seeeddo_term/2 . If Atomhas no
valid syntax, ssyntax _error exception is raised.

atom_concat(?Atom1, ?Atom2, ?Atom3
Atom3forms the concatenation éftomlandAtom2 At least two of the arguments must be
instantiated to atoms, integers or floating point numbers. For ISO compliance, the instantiation-
pattern -, -, + is allowed too, non-deterministically splitting the 3-th argument into two parts (as
append/3 does for lists). See alsiring _concat/3

concatatom(+List, -Atom)
List is a list of atoms, integers or floating point nhumbers. Succeedgadin can be uni-
fied with the concatenated elementsLidt. If List has exactly 2 elements it is equivalent to
atom _concat/3 , allowing for variables in the list.

concatatom(?List, +Separator, ?Atoin
Creates an atom just likesoncat _atom/2 , but insertsSeparatobetween each pair of atoms.
For example:
?- concat_atom([gnu, gnat], ’, ’, A).
A = ’'gnu, gnat
This predicate can also be used to split atoms by instantiSépgratorand Atom

?- concat_atom(L, -, 'gnu-gnat’).

L = [gnu, gnat]
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atom_length(+Atom, -Length
Succeeds iRtomis an atom of_engthcharacters long. This predicate also works for strings (see
sectiord.23). If the prolog flagiso is notset, it also accepts integers and floats, expressing the
number of characters output when givenatite/1  as well as code-lists and character-lists,
expressing the length of the list.

atom_prefix(+Atom, +Prefiy
Succeeds ifAtom starts with the characters fromrefix Its behaviour is equivalent to
?- concat( Prefix , _, Atom), butavoids the construction of an atom for the ‘remain-

der'.

sub_atom(+Atom, ?Before, ?Len, ?After, ?Sub
ISO predicate for breaking atoms. It maintains the following relat®urbis a sub-atom of\tom
that starts aBefore hasLencharacters anAtomcontainsAfter characters after the match.

?- sub_atom(abc, 1, 1, A, 9S).

The implementation minimalises non-determinism and creation of atoms. This is a very flexible
predicate that can do search, prefix- and suffix-matching, etc.

4.22 Classifying characters

SWI-Prolog offers two comprehensive predicates for classifying characters and character-codes.
These predicates are defined as built-in predicates to exploit the C-character classification’s handling
of locale (handling of local character-sets). These predicates are fast, logical and deterministic if
applicable.

In addition, there is the librargtype providing compatibility to some other Prolog systems. The
predicates of this library are defined in termsotie _type/2

char_type(?Char, ?Typg
Tests or generates alternatiVgpes or Chars. The character-types are inspired by the standard
C <ctype.h> primitives.

alnum
Charis a letter (upper- or lowercase) or digit.

alpha
Charis a letter (upper- or lowercase).

csym
Charis a letter (upper- or lowercase), digit or the underscoje These are valid C- and
Prolog symbol characters.

csymf
Charis a letter (upper- or lowercase) or the underscoje These are valid first characters
for C- and Prolog symbols

2BUG: Note thaf]] is both an atom an empty code/character list. The predatai@ _length/2  returns 2 for this
atom.
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ascii
Charis a 7-bits ASCII character (0..127).
white
Charis a space or tab. E.i. white space inside a line.
cntrl
Charis an ASCII control-character (0..31).
digit
Charis a digit.
digit(Weigth
Char is a digit with valueWeigth I.e. char _type(X, digit(6) yields X = '6’
Useful for parsing numbers.
xdigit(Weigth

Char is a haxe-decimal digit with valué/eigth l.e. char _type(a, xdigit(X)
yieldsX ="10" . Useful for parsing numbers.

graph
Charproduces a visible mark on a page when printed. Note that the space is not included!

lower
Charis a lower-case letter.

lower(Uppen
Charis a lower-case version &fpper. Only true if Char is lowercase antpperupper-
case.

to_lower(Upper)
Charis a lower-case version @dpper. For non-letters, or letter without cagehar and
Lowerare the same. See alspcase _atom/2 anddowncase _atom/2 .

upper
Charis an upper-case letter.

upper(Lower)
Charis an upper-case version bbwer. Only true ifCharis uppercase andowerlower-
case.

to_upper(Lower)
Charis an upper-case version bbwer. For non-letters, or letter without cagehar and
Lowerare the same. See algpcase _atom/2 anddowncase _atom/2 .

punct
Charis a punctuation character. This igeaph character that is not a letter or digit.

space
Charis some form of layout character (tab, vertical-tab, newline, etc.).

end_of file
Charis -1.

end.of_line
Charends aline (ASCII: 10..13).

newline
Charis a the newline character (10).

SWI-Prolog 5.4 Reference Manual



112 CHAPTER 4. BUILT-IN PREDICATES

period
Char counts as the end of a sentence (.,!,?).

quote
Charis a quote-charactet (* , * ).

paren(Closg
Charis an open-parenthesis a@tbseis the corresponding close-parenthesis.

codetype(?Code, ?Type
As char _type/2 , but uses character-codes rather than one-character atoms. Please note that
both predicates are as flexible as possible. They handle either representation if the argument
is instantiated and only will instantiate with an integer code or one-character atom depend-
ing of the version used. See also the prolog-ilmyble _quotes , atom _chars/2 and
atom _codes/2 .

4.22.1 Case conversion

There is nothing in the Prolog standard for converting case in textual data. The SWI-Prolog predicates
code _type/2 andchar _type/2 can be used to test and convert individual characters. We have
started some additional support:

downcaseatom(+AnyCase, -LowerCasje
Converts the characters AhyCaseénto lowercase ashar _type/2 does (i.e. based onthe de-
finedlocaleif Prolog provides locale support on the hosting platform) and unifies the lowercase
atom withLowerCase

upcaseatom(+AnyCase, -UpperCase
Converts, similar talowncase _atom/2 , an atom to upper-case.

4.23 Representing text in strings

SWI-Prolog supports the data typging. Strings are a time and space efficient mechanism to handle
text in Prolog. Strings are stored as a byte array on the global (term) stack and thus destroyed on
backtracking and reclaimed by the garbage collector.

Strings were added to SWI-Prolog based on an early draft of the ISO standard, offerring a mech-
anism to represent temporary character data efficiently. As SWI-Prolog strings can handle 0-bytes,
they are frequently used through the foreign language interface (s&tionstoring arbitrary byte-
sequences.

Starting with version 3.3, SWI-Prolog offers garbage collection on the atom-space as well as
representing O-bytes in atoms. Although strings and atoms still have different features, new code
should consider using atoms to avoid too many representations for text as well as for compatibility to
other Prolog implementations. Below are some of the differences:

e creation
Creating strings is fast, as the data is simply copied to the global stack. Atoms are unique and
therefore more expensive in terms of memory and time to create. On the other hand, if the same
text has to be represented multiple times, atoms are more efficient.
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e destruction
Backtracking destroys strings at no cost. They are cheap to handle by the garbage collector,
but it should be noted that extensive use of strings will cause many garbage collections. Atom
garbage collection is generally faster.

String objects by default have no lexical representation and thus can only be created using the
predicates below or through the foreign language interface (See clapidrere are two ways to
makeread/1l read text into strings, both controlled through Prolog flags. One is by setting the
double _quotes flag tostring and the other is by setting theckquoted _string flag to
true . In latter case,Hello world' is read into a string andrrite _term/2  prints strings
between backquotes guoted is true . This flag provides compatibility to LPA Prolog string
handling.

string_to_atom(?String, ?Atom
Logical conversion between a string and an atom. At least one of the two arguments must be
instantiated Atomcan also be an integer or floating point number.

string _to_list(?String, ?Lis}
Logical conversion between a string and a list of character codes characters. At least one of the
two arguments must be instantiated.

string_length(+String, -Length
Unify Lengthwith the number of characters Btring This predicate is functionally equivalent
toatom _length/2  and also accepts atoms, integers and floats as its first argument.

string_concat(?String1, ?String2, ?String3
Similar to atom _concat/3 , but the unbound argument will be unified with a string object
rather than an atom. Also, if bo®tringlandString2are unbound an8tring3is bound to text,
it breaksString3 unifying the start withStringland the end wittstring2as append does with
lists. Note that this is not particularly fast on long strings as for each redo the system has to
create two entirely new strings, while the list equivalent only creates a single new list-cell and
moves some pointers around.

sub_string(+String, ?Start, ?Length, ?After, ?Sub
Subis a substring oString starting atStart, with lengthLengthandString hasAfter characters
left after the match. See alsob _atom/5 .

4.24 Operators

Operators are defined to improve the readibility of source-code. For example, without operators, to
write 2*3+4*5 one would have to write-(*(2,3),*(4,5)) . In Prolog, a number of operators
have been predefined. All operators, except for the comma (,) can be redefined by the user.

Some care has to be taken before defining new operators. Defining too many operators might
make your source ‘natural’ looking, but at the same time lead to hard to understand the limits of your
syntax. To ease the pain, as of SWI-Prolog 3.3.0, operators are local to the module in which they are
defined. Operators can be exported from modules using adp(fPrecedence, Type, Najna the
export list as specified bynodule/2 . This is an extension specific to SWI-Prolog and the adviced
mechanism of portability is not an important concern.
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The module-table of the moduieser acts as default table for all modules and can be modified
explictly from inside a module to achieve compatibility to other Prolog systems:

:- module(prove,
[ provel/l

D
- 0p(900, xfx, user:(=>)).

Unlike what many users think, operators and quoted atoms have no relation: defining a atom as an
operator doesot influence parsing characters into atoms and quoting an atomnaasop it from
acting as an operator. To stop an atom acting as an operator, enclose it in braces like this: (myop).

op(+Precedence, +Type, :Name
DeclareNameto be an operator of typ&pewith precedenc®recedenceNamecan also be
a list of names, in which case all elements of the list are declared to be identical operators.
Precedencés an integer between 0 and 1200. Precedence 0 removes the declafgfiers
one of:xf , yf , xfx , xfy ,yfx ,yfy ,fy orfx . The ' indicates the position of the functor,
while x andy indicate the position of the argumentsy’ 'should be interpreted as “on this
position a term with precedence lower or equal to the precedence of the functor should occur”.
For ‘x’ the precedence of the argument must be strictly lower. The precedence of a term is 0,
unless its principal functor is an operator, in which case the precedence is the precedence of this
operator. A term enclosed in brackéts) has precedence 0.

The predefined operators are shown in table Note that all operators can be redefined by the
user.

current_op(?Precedence, ?Type, ?:Namne
Succeeds wheNameis currently defined as an operator of typgewith precedenc®rece-
dence See als@p/3 .

4.25 Character Conversion

Although | wouldn't really know for what you would like to use these features, they are provided for
ISO complicancy.

char_conversion+Charin, +CharOuj)
Define that term-input (seead _term/3 ) maps each character read@sarinto the character
CharOut Character conversion is only executed if the prolog-flagr _conversion is set
to true and not inside quoted atoms or strings. The initial table maps each character onto
itself. See alse@urrent _char _conversion/2

current_char_conversion(?Charln, ?CharOut
Queries the current character conversion-table.cBae _conversion/2  for details.

4.26 Arithmetic

Arithmetic can be divided into some special purpose integer predicates and a series of general pred-
icates for floating point and integer arithmetic as appropriate. The integer predicates are as “logical”
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1200 | zfx | --> ,:-

1200 fx | - 2

1150 fz | dynamic , discontiguous , initialization ,
module _transparent , multifile , thread _local |,
volatile

1100| =zfy | ;.|

1050 | xfy | ->,opF->

1000 | =zfy |,

954 | xfy |\

900 fy |+

900 fx |~

700 | zfx | <,=,=. ,=@5==,=<,==,=\=, >, >=, @5 @=5 @> @>3
\= ,\== ,iS

600 | xfy |:

500 | yfx | +,-,N,V ,xor

500 fx | +,-,2,\

400 | yfx | *,/,/l ,<<,>> mod rem

200 | xfx | **

200 =zfy |~

Table 4.1: System operators

as possible. Their usage is recommended whenever applicable, resulting in faster and more “logical”
programs.

The general arithmetic predicates are optionally compiled nowdqseeprolog _flag/l2 and
the-O command line option). Compiled arithmetic reduces global stack requirements and improves
performance. Unfortunately compiled arithmetic cannot be traced, which is why it is optional.

The general arithmetic predicates all hanelt@ressionsAn expression is either a simple number
or afunction The arguments of a function are expressions. The functions are described in4&ttion

between¢-Low, +High, ?Valug
Low andHigh are integersHigh > Low. If Valueis an integerl.ow < Value < High. When
Valueis a variable it is successively bound to all integers betwssmnandHigh. If Highis inf
or infinite 30 pbetween/3 is true iff Value > Low, a feature that is particularly interesting
for generating integers from a certain value.

succ@Intl, ?Int2
Succeeds ifnt2 = Intl + 1 andIntl > 0. At least one of the arguments must be instantiated
to a natural number. This predicate raises the domain-agbrless _than _zero if called
with a negative integer. E.gucc (X, 0) fails silently andsucc (X, -1) raises a domain-errét.

plus(?Intl, ?Int2, ?Int3
Succeeds ifnt3 = Intl 4 Int2. At least two of the three arguments must be instantiated to
integers.

30\We preferinfinite , but some other Prolog systems alreadyin§e for infinity we accept both for the time being.
31The behaviour to deal with natural numbers only was defined by Richard O’Keefe to support the common count-down-
to-zero in a natural way. Upto 5.1sBicc/2 also accepted negative integers.
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+EXxprl> +Expr2
Succeeds when expressiBrprlevaluates to a larger number thiaxpr2

+EXxprl < +Expr2
Succeeds when expressiBrprlevaluates to a smaller number thaxpr2

+Exprl =< +Expr2
Succeeds when expressiBrprlevaluates to a smaller or equal numbeEigr2

+Exprl >= +Expr2
Succeeds when expressiBrprlevaluates to a larger or equal numbeEtqpr2

+Exprl=\= +Expr2
Succeeds when expressiBrprlevaluates to a number non-equaBxpr2

+Exprl=:= +Expr2
Succeeds when expressiBrprlevaluates to a number equal Expr2

-Numberis +Expr
Succeeds wheNumberhas successfully been unified with the numBepr evaluates to. If
Expr evaluates to a float that can be represented using an integer (i.e, the value is integer and
within the range that can be described by Prolog’s integer representafgpjjs unified with
the integer value.

Note that normallyjs/2  will be used with unbound left operand. If equality is to be tested,
=:=/2 should be used. For example:

?- 1.0 is sin(pi/2). Fails!. sin(pi/2) evaluates to 1.0, but
is/2  will represent this as the integer 1,
after which unify will fail.

?- 1.0 is float(sin(pi/2)). Succeeds, as thdloat/1 function
forces the result to be float.
?- 1.0 == sin(pi/2). Succeeds as expected.

4.27 Arithmetic Functions

Arithmetic functions are terms which are evaluated by the arithmetic predicates described above.
SWI-Prolog tries to hide the difference between integer arithmetic and floating point arithmetic from
the Prolog user. Arithmetic is done as integer arithmetic as long as possible and converted to floating
point arithmetic whenever one of the arguments or the combination of them requires it. If a function
returns a floating point value which is whole it is automatically transformed into an integer. There are
three types of arguments to functions:

Expr Arbitrary expression, returning either a floating point value or an
integer.

IntExpr  Arbitrary expression that must evaluate into an integer.

Int An integer.
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In case integer addition, subtraction and multiplication would lead to an integer overflow the
operands are automatically converted to floating point numbers. The floating point funstighs (,
exp/l , etc.) form a direct interface to the corresponding C library functions used to compile SWI-
Prolog. Please refer to the C library documentation for details on precision, error handling, etc.

- +Expr
Result= —Expr

+Exprl + +Expr2
Result= Exprl+ Expr2

+Exprl- +Expr2
Result= Exprl— Expr2

+Exprl* +Expr2
Result= Exprl x Expr2

+Exprl/ +Expr2

_ Exprl
Result= Expr2

+IntExprl mod +IntExpr2
Modulo: Result= IntExprl- (IntExprl// IntExpr2 x IntExpr2 The functionmod/2 is imple-
mented using the Cooperator. It's behaviour with negtive values is illustrated in the table

below.
2 = 17 mod 5
2 = 17 mod -5
-2 = -17 mod 5
-2 = -17 mod -5

+IntExprl rem +IntExpr2
Remainder of divisionResult= float fractional part(ntExpr¥/IntExpr2

+IntExprl// +IntExpr2
Integer division:Result= truncateExprl/Expr2)

abs@Expr)
EvaluateExprand return the absolute value of it.

sign(+Expr)
Evaluate to -1 ifExpr < 0, 1 if Expr > 0 and O ifExpr = 0.

max(+Exprl, +Exprd
Evaluates to the largest of botxprlandExpr2

min(+Exprl, +Expr2
Evaluates to the smallest of bdixprlandExpr2
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. (+Int, 1)

A list of one element evaluates to the element. This implas evaluates to the character
code of the letter ‘a’ (97). This option is available for compatibility only. It will not work if
‘style _check(+string) "is active as"a" will then be transformed into a string object.
The recommended way to specify the character code of the letterOa is

random(+Int)
Evaluates to a random integeefor which0 < i < Int. The seed of this random generator is
determined by the system clock when SWI-Prolog was started.

round(+Expr)
Evaluate€Exprand rounds the result to the nearest integer.

integer(+Expr)
Same asound/1 (backward compatibility).

float(+Expr)
Translate the result to a floating point number. Normally, Prolog will use integers whenever
possible. When used around the 2nd argumeis/af , the result will be returned as a floating
point number. In other contexts, the operation has no effect.

float_fractional _part(+Expr)
Fractional part of a floating-point number. Negativ&xpris negative, 0 ifExpris integer.

float_integer_part(+Expr)
Integer part of floating-point number. NegativeEikpr is negative Exprif Expris integer.

truncate(+Expr)
TruncateExprto an integer. Same dloat _integer _part/1

floor(+Expr)
Evaluate€Exprand returns the largest integer smaller or equal to the result of the evaluation.

ceiling(+Expr)
Evaluate€xprand returns the smallest integer larger or equal to the result of the evaluation.

ceil(+Expr)
Same ageiling/1 (backward compatibility).

+IntExpr >> +IntExpr
Bitwise shiftIntExprlby IntExpr2bits to the right.

+IntExpr << +IntExpr
Bitwise shiftIntExprlby IntExpr2bits to the left.

+IntExprV/  +IntExpr
Bitwise ‘or’ IntExprlandIntExpr2

+IntExpr A +IntExpr
Bitwise ‘and’ IntExprlandIntExpr2

+IntExpr xor +IntExpr
Bitwise ‘exclusive or'IntExprlandIntExpr2
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\' +IntExpr
Bitwise negation.

msb(+IntExpr)
Position of the most significant bit in binary notatidntExprmust evaluate to a positive integer.
The MSB of 1 is 0?2

sqrt(+Expr)
Result= /Expr

sin(+Expr)
Result= sin Expr. Expris the angle in radians.

COSEEXpr)
Result= cos Expr. Expris the angle in radians.

tan(+Expr)
Result= tan Expr. Expris the angle in radians.

asin(+Expr)
Result= arcsin Expr. Resultis the angle in radians.

acos(Expr)
Result= arccos Expr. Resultis the angle in radians.

atan(+Expr)
Result= arctan Expr. Resultis the angle in radians.

atan(+YExpr, +XExp)
Result = arctan ;E% Resultis the angle in radians. The return value is in the range
[-7...w]. Used to convert between rectangular and polar coordinate system.

log(+EXxpr)
Result= In Expr

log10EExpr)
Result= 1g Expr

exp(+Expr)
Result= ¢EXPr

+Exprl** +Expr2
Result= ExpriEXPr2

+Exprl”~ +Expr2
Same as **/2. (backward compatibility).

pi
Evaluates to the mathematical constar{8.141593).

%2msb/1 is compatible to hProlog
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e
Evaluates to the mathematical consta(2.718282).

cputime
Evaluates to a floating point number expressingdhe time (in seconds) used by Prolog up
till now. See alsatatistics/2 andtime/1

4.28 Adding Arithmetic Functions

Prolog predicates can be given the role of arithmetic function. The last argument is used to return
the result, the arguments before the last are the inputs. Arithmetic functions are added using the
predicatearithmetic ~ _function/1  , which takes the head as its argument. Arithmetic functions
are module sensitive, that is they are only visible from the module in which the function is defined and
declared. Global arithmetic functions should be defined and registered from masule Global
definitions can be overruled locally in modules. The builtin functions described above can be redefined
as well.

arithmetic _function(+Head)
Register a Prolog predicate as an arithmetic functionig@e , >/2 , etc.). The Prolog predi-
cate should have one more argument than specifi¢ddayg which it either a ternName/Arity
an atom or a complex term. This last argument is an unbound variable at call time and should
be instantiated to an integer or floating point number. The other arguments are the parameters.
This predicate is module sensitive and will declare the arithmetic function only for the context
module, unless declared from moduleer . Example:

1 ?- [user].
;- arithmetic_function(mean/2).

mean(A, B, C) :-
C is (A+B)/2.
user compiled, 0.07 sec, 440 bytes.

Yes
2 ?- A is mean(4, 5).

A = 4.500000

current_arithmetic _function(?Head
Successively unifies all arithmetic functions that are visible from the context moduléledtti

4.29 Built-in list operations

Most list operations are defined in the librdists  described in sectioA.1. Some that are imple-
mented with more low-level primitives are built-in and described here.
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is_list(+Term)
Succeeds iffermis bound to the empty lis{]( ) or a term with functor .’ and arity 2 and the
second argument is a li&t. This predicate acts as if defined by the following definition:

is_list(X) :-
var(X), !,
fail.
is_list([]).
is_list([_|T]) :-
is_list(T).

memberchk(?Elem, +Lis)
Equivalent tomember/2 , but leaves no choice point.

length(?List, ?In)
Succeeds iint represents the number of elements ofllist. Can be used to create a list holding
only variables.

sort(+List, -Sorted
Succeeds iSortedcan be unified with a list holding the elementdLidt, sorted to the standard
order of terms (see sectigh6). Duplicates are removed. The implementation is in C, using
natural merge soft'

msort(+List, -Sorted
Equivalent tosort/2 , but does not remove duplicates.

keysort(+List, -Sorted
List is a proper list whose elements afey- Value , that is, terms whose principal functor is
(-)/2, whose first argument is the sorting key, and whose second argument is the satellite data
to be carried along with the kelgeysort/2  sortsList like msort/2 , but only compares the
keys. Itis used to sort terms not on standard order, but on any criterion that can be expressed on
a multi-dimensional scale. Sorting on more than one criterion can be done using terms as keys,
putting the first criterion as argument 1, the second as argument 2, etc. The order of multiple
elements that have the sardey is not changed. The implementation is in C, usirajural
merge sort

predsort(+Pred, +List, -Sortedl
Sorts similar to sort/2 , but determines the order of two terms by calling
Pred-Delta, +E1, +E2). This call must unifyDelta with one of<, const or =. If built-in
predicatecompare/3 is used, the result is the samesast/2 . See alskeysort/2  .*°

merge@Listl, +List2, -List3
Listl andList2 are lists, sorted to the standard order of terms (see settinList3 will be
unified with an ordered list holding both the elementd.istl andList2. Duplicates aranot
removed.

%In versions before 5.0.15 _list/1  just checked fof] or[ _| ] andproper _list/1 had the role of the current
is _list/1 . The current definition is conform the de-facto standard. Assuming proper coding standards, there should only
be very few cases where a quick-and-digy_list/1 is a good choice. Richard O’'Keefe pointed at this issue.

34Contributed by Richard O’'Keefe.

%please note that the semantics have changed between 3.1.1 and 3.1.2
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merge set(#*Setl, +Set2, -Sej3
SetlandSet2are lists without duplicates, sorted to the standard order of teBetSis unified
with an ordered list without duplicates holding the union of the elemenfetifandSet2

4.30 Finding all Solutions to a Goal

findall(+Template, +Goal, -Bay
Creates a list of the instantiatiofemplategets successively on backtracking ouwal and
unifies the result witlBag Succeeds with an empty list@oal has no solutiondindall/3
is equivalent tdagof/3  with all free variables bound with the existence operat)r ¢xcept
thatbagof/3 fails when goal has no solutions.

bagof(+Template, +Goal, -Bajy
Unify Bagwith the alternatives ofemplateif Goal has free variables besides the one sharing
with Templatebagof will backtrack over the alternatives of these free variables, unifyam
with the corresponding alternatives Tmplate The constructVar ~ Goal tells bagof not to
bind Varin Goal bagof/3 fails if Goal has no solutions.

The example below illustratdsagof/3 and the™ operator. The variable bindings are printed
together on one line to save paper.

2 ?- listing(foo).

foo(a, b, c).
foo(a, b, d).
foo(b, c, e).
foo(b, c, f).
foo(c, ¢, Q).

Yes
3 ?- bagof(C, foo(A, B, C), Cs).

A =4a B =Db C=G308 Cs = [c, d];
A=Db B=¢c C=G308, Cs = [e, f];
A=c¢ B=c¢c C=G308 Cs =]q] ;
No

4 ?- bagof(C, Afoo(A, B, C), Cs).

A = G324, B = b, C = G326, Cs = [c, d] ;
A =G324, B =c¢, C = G326, Cs = [e, 1, d] ;
No

5 2-

setofTemplate, +Goal, -Sét
Equivalent tobagof/3 , but sorts the result usingprt/2  to get a sorted list of alternatives
without duplicates.
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4.31 Invoking Predicates on all Members of a List

All the predicates in this section call a predicate on all members of a list or until the predicate called
fails. The predicate is called via call/[2..], which implies common arguments can be put in front of
the arguments obtained from the list(s). For example:

?- maplist(plus(1), [0, 1, 2], X).
X =11, 2, 3]
we will phrase this asPredicateis appliedon ...”

maplist(+Pred, +List)
Predis applied successively on each elemenitisf until the end of the list oPredfails. In the
latter case thenaplist/2  fails.*®

maplist(+Pred, ?Listl, ?List2
Apply Predon all successive pairs of elements fraustl andList2. Fails if Pred can not be
applied to a pair. See the example above.

maplist(+Pred, ?List1, ?List2, ?ListB
Apply Predon all successive triples of elements frdustl, List2 andList3. Fails if Predcan
not be applied to a triple. See the example above.

sublist(+Pred, +List1, ?List)
Unify List2with a list of all elements okListlto which Predapplies.

4.32 Forall

forall(+Cond, +Action
For all alternative bindings aCond Actioncan be proven. The example verifies that all arith-
metic statements in the liktare correct. It does not say which is wrong if one proves wrong.

?- foralllmember(Result = Formula, [2 = 1 + 1, 4 = 2 * 2]),
Result =:= Formula).

4.33 Formatted Write

The current version of SWI-Prolog provides two formatted write predicates. The first is
writef/[1,2] , which is compatible with Edinburgh C-Prolog. The seconfbisnat/[1,2] ,

which is compatible with Quintus Prolog. We hope the Prolog community will once define a standard
formatted write predicate. If you want performance faenat/[1,2] as this predicate is defined

in C. Otherwise compatibility reasons might tell you which predicate to use.

%Themaplist/2  predicate replaces the obsoletecklist/2 predicate.
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4.33.1 Writef

writeln(+Term)
Equivalent towrite(Term), nl.

writef( +Atom)
Equivalent towritef(Atom, []).

writef( +Format, +Argumenty
Formatted write. Formatis an atom whose characters will be printdébrmat may contain
certain special character sequences which specify certain formatting and substitution actions.
Argumentghen provides all the terms required to be output.

Escape sequences to generate a single special character:

\n Output a nemline character (see atd0,1] )
\l Output a line separator (same\as)

\r Output a carriage-return character (ASCII 13)
\t Output the ASCII character TAB (9)

\ The charactey is output

\% The characte®bis output
\nnn | where(nnn) is an integer (1-3 digits) the character with
character codénnn) is output (NB :(nnn) is read aslec-
imal)

Note thafl ,\nnn and\\ are interpreted differently when character-escapes are in effect. See
section2.15.1

Escape sequences to include arguments ffgguments Each time a % escape sequence is
found inFormatthe next argument fromArgumentss formatted according to the specification.
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%t
print/1  the next item (mnemonic: term)

%W . .
write/l  the next item

%q : _
writeg/1  the next item

%d | Write the term, ignoring operators. See also
write _term/2 . Mnemonic: old Edinburgh
display/1

%p

print/1  the next item (identical t&ot)
%n | Putthe nextitem as a character (i.e., itis a character cpde)
%r | Write the next item N times where N is the second item
(an integer)
%s | Write the next item as a String (so it must be a list of char-
acters)

%f | Perform attyflush/O (no items used)

%Nc| Write the next item Centered iN columns.

%NI | Write the next item Left justified idvV columns.

%Nr | Write the next item Right justified iV columns. N is a
decimal number with at least one digit. The item must be
an atom, integer, float or string.

swritef(-String, +Format, +Argumenis
Equivalent towritef/2  , but “writes” the result orstringinstead of the current output stream.
Example:

?- swritef(S, '%15L%w’, ['Hello’, 'World']).
S = "Hello World"

swritef(-String, +Formaj
Equivalent toswritef(String, Format, []).

4.33.2 Format

format(+Format)
Defined asformat(Format) :- format(Format, []).

format(+Format, +Argument}y
Formatis an atom, list of character codes, or a Prolog strfagumentgrovides the arguments
required by the format specification. If only one argument is required and this is not a list of
character codes the argument need not be put in a list. Otherwise the arguments are putin a list.

Special sequences start with the tildg, (followed by an optional numeric argument, followed

by a character describing the action to be undertaken. A numeric argument is either a sequence
of digits, representing a positive decimal number, a sequeKciearactel, representing the
character code value of the character (only usefultfgror a asterisk¥), in when the numeric
argument is taken from the next argument of the argument list, which should be a positive
integer. Actions are:
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Output the tilde itself.

a Output the next argument, which should be an atom. This option is equivalemt to
Compatibility reasons only.

¢ Interpret the next argument as an character code and add it to the output. This argument
should be an integer in the range [0, ..., 255] (including 0 and 255).

d Output next argument as a decimal number. It should be an integer. If a numeric argument
is specified a dot is insertedgumenipositions from the right (useful for doing fixed point
arithmetic with integers, such as handling amounts of money).

D Same agl, but makes large values easier to read by inserting a comma every three digits
left to the dot or right.

e Output next argument as a floating point number in exponential notation. The numeric
argument specifies the precision. Default is 6 digits. Exact representation depends on the
C library function printf(). This function is invoked with the form@#t. (precisione.

E Equivalent toe, but outputs a capital E to indicate the exponent.

f Floating point in non-exponential notation. See C library function printf().
g Floating point ine or f notation, whichever is shorter.

G Floating point inE or f notation, whichever is shorter.

i Ignore next argument of the argument list. Produces no output.

k Give the next argument tisplayq/1 (canonical write).

n Output a newline character.

N Only output a newline if the last character output on this stream was not a newline. Not
properly implemented yet.

p Give the next argument forint/1
g Give the next argument toriteq/1

r Print integer in radix the numeric argument notation. THL&r prints its argument
hexadecimal. The argument should be in the raj2ge. ., 36]. Lower case letters are
used for digits above 9.

R Same as, but uses upper case letters for digits above 9.

s Output text from a list of character codes or a string (S&@g/1 and sectiont.23
from the next argument.

@ Interpret the next argument as a goal and execute it. Output written to the
current _output stream is inserted at this place. Goal is called in the module calling
format/3 . This option is not present in the original definition by Quintus, but supported
by some other Prolog systems.

t Allremaining space between 2 tab stops is distributed equally"bvetatements between
the tab stops. This space is padded with spaces by default. If an argument is supplied this
is taken to be the character code of the character used for padding. This can be used to do
left or right alignment, centering, distributing, etc. See §|saand™+ to set tab stops. A
tab stop is assumed at the start of each line.

| Set a tab stop on the current position. If an argument is supplied set a tab stop on the
position of that argument. This will cause @ll’s to be distributed between the previous
and this tab stop.
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+ Set a tab stop relative to the current position. Further the safje.as
w Give the next argument torite/1
W Give the next two argument torite _term/2 . This option is SWI-Prolog specific.

Example:

simple_statistics :-
<obtain statistics> % left to the user
format("tStatistics™t"72|"n"n’),
format(Runtime: ™.t "2f'34| Inferences: ™.t "D72|'n’,
[RunT, Inf]),

Will output

Statistics

Runtime: .....ccooeevvn. 3.45 Inferences: .......... 60,345

format(+Stream, +Format, +Argumen}s
Asformat/2 , but write the output on the giveBtream

sformat(-String, +Format, +Argumenis
Equivalent tdformat/2 , but “writes” the result orstringinstead of the current output stream.
Example:

?- sformat(S, "wt™15]"w’, ['Hello’, 'World’]).

S = "Hello World"

sformat(-String, +Formaj
Equivalent to sformat(String, Format, []). '

4.33.3 Programming Format

format _predicate(+Char, +Head)
If a sequencéc (tilde, followed by some character) is found, the format derivatives will first
check whether the user has defined a predicate to handle the format. If not, the built in format-
ting rules described above are uséthar is either anascii value, or a one character atom,
specifying the letter to be (re)definetlieadis a term, whose name and arity are used to de-
termine the predicate to call for the redefined formatting character. The first argument to the
predicate is the numeric argument of the format command, or the déédault  if no argu-
ment is specified. The remaining arguments are filled from the argument list. The example
below redefinedn to produceArg times return followed by linefeed (so a (Grr.) DOS machine
is happy with the output).
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.- format_predicate(n, dos_newline(_Arg)).

dos_newline(Arg) :-
between(1, Ar, ), put(13), put(10), fail ; true.

current _format _predicate(?Code, ?:Heajl
Enumerates all user-defined format predica@sdeis the character code of the format charac-
ter. Headis unified with a term with the same name and arity as the predicate. If the predicate
does not reside in moduleser , Headis qualified with the definition module of the predicate.

4.34 Terminal Control

The following predicates form a simple access mechanism to the Unix termcap library to provide
terminal independent I/O for screen terminals. These predicates are only available on Unix machines.
The SWI-Prolog Windows consoles accepts the ANSI escape sequences.

tty _get.capability(+Name, +Type, -Resylt
Get the capability namellamefrom the termcap library. See termcap(5) for the capability
names. Typespecifies the type of the expected result, and is onstroig , number or
bool . String results are returned as an atom, number result as an integer and bool results as the
atomon or off . If an option cannot be found this predicate fails silently. The results are only
computed once. Successive queries on the same capability are fast.

tty _goto(+X, +Y)
Goto position K, Y) on the screen. Note that the predicatése _count/2 and
line _position/2 will not have a well defined behaviour while using this predicate.

tty _put(+Atom, +Lineg
Put an atom via the termcap library function tputs(). This function decodes padding informa-
tion in the strings returned byy _get _capability/3 and should be used to output these
strings. Linesis the number of lines affected by the operation, or 1 if not applicable (as in
almost all cases).

settty(-OldStream, +NewStream
Set the output stream, used by _put/2 andtty _goto/2 to a specific stream. Default is
useroutput.

tty _size¢Rows, -Columns
Determine the size of the terminal. Platforms:

Unix If the system providemctl calls for this, these are used attyl _size/2 properly re-
flects the actual size after a user resize of the window. As a fallback, the system uses

tty _get _capability/2 usingli andco capabilities. In this case the reported size
reflects the size at the first call and is not updated after a user-initiated resize of the termi-
nal.

Windows Getting the size of the terminal is provided fowin.exe . The requested value
reflects the current size. For the multi-threaded version the console that is associated with
theuser _input stream is used.

SWI-Prolog 5.4 Reference Manual



4.35. OPERATING SYSTEM INTERACTION 129

4.35 Operating System Interaction

shell#Command, -Statys
ExecuteCommancbn the operating systenCommands given to the Bourne shell (/bin/sh).
Statusds unified with the exit status of the command.

OnWin32systemsshell/[1,2] executes the command using the CreateProcess() APl and
waits for the command to terminate. If the command ends witkign, the command is handed

to the WinExec() API, which does not wait for the new task to terminate. Seavais@xec/2

andwin _shell/l2 . Please note that the CreateProcess() APl da¢smply the Windows
command interpretecOmmand.exe on Windows 95/98 andmd.exe on Windows-NT) and
therefore commands built-in to the command-interpreter can only be activated using the com-
mand interpreter. For exampleommand.exe /C copy filel.txt file2.txt’

shell+Command
Equivalent to shell(Command, 0)

shell
Start an interactive Unix shell. Default/isin/sh , the environment variab®HELLoverrides
this default. Not available for Win32 platforms.

win_exec-Command, +Shoyv
Win32 systems only. Spawns a Windows task without waiting for its comple-
tion. Show is one of the Win32SW* constants written in lowercase without the
SW*: hide maximize minimize restore show showdefault showmaximized
showminimized showminnoactive showna shownoactive shownormal . In ad-
dition, iconic  is a synonym fominimize andnormal for shownormal

win_shell(+Operation, +File, +Showy
Win32 systems only. Opens the documéiie using the windows shell-rules for doing so.
Operationis one ofopen, print  orexplore or another operation registered with the shell
for the given document-type. On modern systems it is also possible to pass a Uk, as
opening the URL in Windows default browser. This call interfaces to the Win32 API ShellEx-
ecute(). TheShowargument determines the initial state of the opened window (if any). See
win _exec/2 for defined values.

win_shell(+Operation, +File)
Same asvin _shell (Operation, File, norm3l

win_registry_get value(+Key, +Name, -Valug
Win32 systems only. Fetches the value of a Win32 registry kayis an atom formed as a
path-name describing the desired registry kidgmeis the desired attribute name of the key.
Valueis unified with the value. If the value is of tyd@WORL[the value is returned as an
integer. If the value is a string it is returned as a Prolog atom. Other types are currently not sup-
ported. The default ‘root’ isHKEY CURRENTUSER Other roots can be specified explicitely as
HKEYCLASSESROOTHKEYCURRENTUSERHKEYLOCALMACHINEor HKEYUSERS
The example below fetches the extension to use for Prolog file REA®ME.TXTon the Win-
dows version):

?- win_registry_get value("HKEY_LOCAL_MACHINE/Software/SWI/Prolog’,

SWI-Prolog 5.4 Reference Manual



130 CHAPTER 4. BUILT-IN PREDICATES

fileExtension,
Ext).

Ext = pl

getenv(-Name, -Valug
Get environment variable. Fails silently if the variable does not exist. Please note that environ-
ment variable names are case-sensitive on Unix systems and case-insensitive on Windows.

setenv(-Name, +Valué
Set environment variableNameand Value should be instantiated to atoms or integers. The
environment variable will be passeddioell/[0-2] and can be requested usiggtenv/2
They also influencexpand _file _name/2 .

unsetenv(-Name
Remove environment variable from the environment.

unix(+Commandg
This predicate comes from the Quintus compatibility library and provides a partial implementa-
tion thereof. It provides access to some operating system features and unlike the name suggests,
is not operating system specific. Defin@dmmand are below.

system-Command
Equivalent to callingshell/1 . Use for compatibility only.

shell+Command
Equivalent to callingshell/1 . Use for compatibility only.

shell
Equivalent to callingshell/l0 . Use for compatibility only.
cd
Equivalent to calling working _directory/2 to the expansion (see
expand _file _name/2) of ~. For compatibility only.
cd(+Directory)
Equivalent to callingvorking _directory/2 . Use for compatibility only.

argv(-Argv)
Unify Argv with the list of commandline arguments provides to this Prolog run. Please
note that Prolog system-arguments and application arguments are separatedrigger
arguments are passed as Prolog integers, float arguments and Prolog floating point num-
bers and all other arguments as Prolog atoms. New applications should use the prolog-flag
argv . See also prolog prolog-flaaygv .
A stand-alone program could use the following skeleton to handle command-line argu-
ments. See also secti@nl0.2

main :-
unix(argv(Argv)),
append(_PrologArgs, [--|AppArgs], Argv), !,
main(AppArgs).
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4.35.1 Dealing with time and date

There is no standard for time-representation in the Prolog community. SWI-Prolog represents it as

a floating-point number using the same basic representation as the POSIX standard, seconds elapsed
since the January 1970, 0 hours. This format is also used for predicates accessing time-information
from files (sedime _file/2 ).

gettime(-Time
Return the number of seconds that elapsed since the epoch of the POSIX, tim representation:
January 1970, 0 hour3imeis a floating point number. The granularity is system dependent.

convert time(+Time, -Year, -Month, -Day, -Hour, -Minute, -Second, -MilliSecgnds
Convert a time stamp, provided lget _time/l |, time _file/2 , etc. Yearis unified with
the yearMonthwith the month number (January is Day with the day of the month (starting
with 1), Hour with the hour of the day (0—-23Minutewith the minute (0-59)Secondvith the
second (0-59) anMilliSecondwith the milliseconds (0—999). Note that the latter might not
be accurate or might always be 0, depending on the timing capabilities of the system. See also
convert _time/2

convert_time(+Time, -String
Convert a time-stamp as obtained thowgit _time/1 into a textual representation using the
C-library functionctime() . The value is returned as a SWI-Prolog string object (see sec-
tion 4.23. See als@onvert _time/8

4.35.2 Controlling the PLWIN.EXE console window

The Windows executablBLWIN.EXE console has a number of predicates to control the appearance
of the console. Being totally non-portable, we do not advice using it for your own application, but use
XPCE or another portable GUI platform instead. We give the predicates for reference here.

window_title(-Old, +New)
Unify Old with the title displayed in the console and change the tithd¢o:’

win_window_pos(ListOfOptiong
Interface to the MS-Windows SetWindowPos() function, controlling size, position and stacking
order of the windowListOfOptionds a list that may hold any number of the terms below.

sizeW, H)

Change the size of the windoW andH are expressed in character-units.
position(X, Y)

Change the top-left corner of the window. The values are expressed in pixel units.
zorder(ZOrder)

Change the location in the window stacking order. Valuesat®om , top , topmost
andnotopmost . Topmostvindows are displayed above all other windows.

show@Bool)
If true , show the window, ifalse hide the window.

$’BUG: This predicate should have been calléd _window _titte  for consistent naming.
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activate
If present, activate the window.

win_has menu
Suceeds ifvin _insert _menu/2 andwin _insert _menu.item/4 are present.

win_insert_menu(+Label, +Beforg
Insert a new entry (pulldown) in the menu. If the menu already contains this entry, nothing is
done. ThelLabelis the label and using the Windows conventions, a letter prefixed &ith
underlined and defines the associated acceleratoBeafgreis the label before which this one
must be inserted. Using adds the new entry at the end (right). For example, the call below
adds aApplication entry just before thélelp menu.

win_insert_menu('&Application’, '&Help’)

win_insert_menu.item(+Pulldown, +Label, +Before, :Gogl
Add an item to the namedPulldown menu. Label and Before are handled as in
win _insert _menu/2 , but the label inserts aseparator Goal is called if the user selects
the item.

4.36 File System Interaction

accesdile(+File, +Mode)
Succeeds ifile exists and can be accessed by this prolog process under Madie Mode
is one of the atomsead , write , append, exist , none or execute . File may also
be the name of a directory. Fails silently otherwisecess _file(File, none) simply
succeeds without testing anything.

If ‘Mode’ is write or append , this predicate also succeeds if the file does not exist and the
user has write-access to the directory of the specified location.

existsfile(+File)
Succeeds whehile exists and is a regular file. This does not imply the user has read and/or
write permission for the file.

file_directory _-name@File, -Directory)
Extracts the directory-part dfile. The returnedirectory name does not end in. There are
two special cases. The directory-naméd da&/ itself and the directory-name File does not
contain any characters is.

file_basename(+File, -BaseNamg
Extracts the filename part from a path specificationFilé does not contain any directory
separatorgrile is returned.

samefile(+Filel, +File2)
Succeeds if both filenames refer to the same physical file. Thatkdelf andFile2 are the
same string or both names exist and point to the same file (due to hard or symbolic links and/or
relative vs. absolute paths).
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existsdirectory(+Directory)
Succeeds iDirectory exists and is a directory. This does not imply the user has read, search
and or write permission for the directory.

deletefile(+File)
RemoveFile from the file system.

renamefile(+Filel, +File2)
Renamdrilel into File2. Currently files cannot be moved across devices.

sizefile(+File, -Sizg
Unify Sizewith the size ofFile in characters.

time_file(+File, -Time)
Unify the last modification time ofile with Time Timeis a floating point number expressing
the seconds elapsed since Jan 1, 1970. Seeafs@rt _time/[2,8] andget _time/l

absolutefile_name@File, -Absolutg
Expand a local file-name into an absolute path. The absolute path is canonised: ref-
erences to. and .. are deleted. This predicate ensures that expanding a file-name
it returns the same absolute path regardless of how the file is addressed. SWI-Prolog
uses absolute file names to register source files independent of the current working di-
rectory. See als@bsolute _file _name/3. See alscabsolute _file _name/3 and
expand _file _name/2.

absolutefile_name@Spec, +Options, -Absolu}e
Converts the given file specification into an absolute p&tptionis a list of options to guide
the conversion:

extensionsListOfExtensions
List of file-extensions to try. Default is” . For each extension,
absolute _file _name/3 will first add the extension and then verify the condi-
tions imposed by the other options. If the condition fails, the next extension of the list is
tried. Extensions may be specified both.axt or plainext .

relative_to(+FileOrDir)
Resolve the path relative to the given directory or directory the holding the given
file. Without this option, paths are resolved relative to the working directory (see
working _directory/2 ) or, if Speds atomic andabsolute _file _name/[2,3]
is executed in a directive, it uses the current source-file as reference.

accesdylodg
Imposes the condition acceBke(File, Mode. Modeis on ofread , write , append,
exist ornone. See als@access _file/2

file_type(Typg
Defines extensions. Current mappirigt implies[”] , prolog implies[.pl’,

"l , executable implies [.s0’, "] , gif implies [.qlf’, "] and
directory implies["] . The file-typesource is an alias forprolog for com-
patibility to SICStus Prolog. See alpoolog _file _type/2
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file_errors(fail/error)
If error (default), throw anexistence _error exception if the file cannot be found.
If fail , stay silent?

solutionsffirst/all)
If first  (default), the predicates leaves no choice-point. Otherwise a choice-point will
be left and backtracking may yield more solutions.

expand(rue/falsg
If true (default isfalse ) andSpecis atomic, callexpand _file _name/2 followed
by member/2 on Speddefore proceeding. This is a SWI-Prolog extension.

The prolog-flagverbose _file _search can be set tdrue to help debugging Prolog’s
search for files.

Compatibility considerations to common argument-order in ISO as well as SICStus
absolute _file _name/3 forced us to be flexible here. If the last argument is a list and the
2nd not, the arguments are swapped, making theatmiblute _file _name(+Spec, -Path,
+Optiong valid as well.

is_absolutefile_name(File)
True if File specifies and absolute path-name. On Unix systems, this implies the path starts
with a /. For Microsoft based systems this implies the path starts \igtter): . This
predicate is intended to provide platform-independent checking for absolute paths. See also
absolute _file _name/2 andprolog _to _os filename/2

file_name extension@Base, ?Extension, ?Najne
This predicate is used to add, remove or test filename extensions. The main reason for its
introduction is to deal with different filename properties in a portable manner. If the file system
is case-insensitive, testing for an extension will be done case-insensitiv&Extensionmay
be specified with or without a leading dot)( If an Extensiornis generated, it will not have a
leading dot.

expand file_name@WildCard, -Lis)
Unify List with a sorted list of files or directories matchikgldCard The normal Unix wild-
card constructs?’, “*’, ‘[...] " and‘{... } arerecognised. The interpretation ¢f.. }’
is interpreted slightly different from the C shell (csh(1)). The comma separated argument can be
arbitrary patterns, includind:.. }’ patterns. The empty pattern is legal as wel{:pl,\} '
matches either.pl ' or the empty string.

If the pattern does contains wildcard characters, only existing files and directories are returned.
Expanding a ‘pattern’ without wildcard characters returns the argument, regardless on whether
or not it exists.

Before expanding wildchards, the constr@etar is expanded to the value of the environment
variablevar and a possible leadirigcharacter is expanded to the user’s home directory.

38silent operation was the default up to version 3.2.6.

3%0n Windows, the home directory is determined as follows: if the environment vati#DMEexists, this is used. If
the variableHHOMEDRIVEBndHOMEPAT ldxist (Windows-NT), these are used. At initialisation, the system will set the
environment variabl&élOMEo point to the SWI-Prolog home directory if neithdOMEior HOMEPATHNdHOMEDRIVE
are defined
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prolog_to_os filename(?PrologPath, ?0sPath
Converts between the internal Prolog pathname conventions and the operating-system pathname
conventions. The internal conventions are Unix and this predicates is equivalent to =/2 (unify)
on Unix systems. On DOS systems it will change the directory-separator, limit the filename
length map dots, except for the last one, onto underscores.

read_link( +File, -Link, -Targe)
If File points to a symbolic link, unifiLink with the value of the link andargetto the file the
link is pointing to. Targetpoints to a file, directory or non-existing entry in the file system, but
never to a link. Fails ifile is not a link. Fails always on systems that do not support symbolic
links.

tmp _file(+Base, -TmpName
Create a name for a temporary figaseis an identifier for the category of file. THenpNamés
guaranteed to be unique. If the system halts, it will automatically remove all created temporary
files.

make_directory(+Directory)
Create a new directory (folder) on the filesystem. Raises an exception on failure. On Unix
systems, the directory is created with default permissions (defined by the puotasisetting).

deletedirectory(+Directory)
Delete directory (folder) from the filesystem. Raises an exception on failure. Please note that
in general it will not be possible to delete a non-empty directory.

working _directory(-Old, +New)
Unify Old with an absolute path to the current working directory and change working directory
to New Use the pattermvorking _directory (CWD, CWD to get the current directory. See
alsoabsolute _file _name/2 andchdir/l %0

chdir(+Path)
Compatibility predicate. New code should wserking _directory/2

4.37 User Toplevel Manipulation

break
Recursively start a new Prolog top level. This Prolog top level has its own stacks, but shares
the heap with all break environments and the top level. Debugging is switched off on entering a
break and restored on leaving one. The break environment is terminated by typing the system’s
end-of-file character (control-D). If th¢ toplevel command line option is given this goal
is started instead of entering the default interactive top leweldg/0 ).

abort
Abort the Prolog execution and restart the top level. If the toplevel command line
options is given this goal is started instead of entering the default interactive top level.

4OBUG: Some of the file-1/0 predicates use local filenames. Changing directory while file-bound streams are open causes
wrong results onelling/1 ,seeing/l andcurrent _stream/3
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There are two implementations abort/0 . The default one uses the exception mechanism
(seethrow/1 ), throwing the exceptior$aborted . The other one uses the C-construct
longjmp() to discard the entire environment and rebuild a new one. Using exceptions allows
for proper recovery of predicates exploiting exceptions. Rebuilding the environment is safer if
the Prolog stacks are corrupt. Therefore the system will use the rebuild-strategy if the abort was
generated by an internal consistency check and the exception mechanism otherwise. Prolog
can be forced to use the rebuild-strategy setting the prologalag _with _exception to

false

halt
Terminate Prolog execution. Open files are closed and if the command line epgionis not
active the terminal status (see Unix stty(1)) is restored. Hooks may be registered both in Prolog
and in foreign code. Prolog hooks are registered uatndnalt/l . halt/0 is equivalent to
halt(0) .**

halt(+Statug
Terminate Prolog execution with given status. Status is an integer. Seteai#tf€o

prolog

This goal starts the default interactive top level. Queries are read from the stseaminput
See also thaistory  prologflag (current _prolog _flag/2 ). Theprolog/0 predicate
is terminated (succeeds) by typing the end-of-file character (On most systems control-D).

The following two hooks allow for expanding queries and handling the result of a query. These
hooks are used by the toplevel variable expansion mechanism described in 8&ttion

expand.query(+Query, -Expanded, +Bindings, -ExpandedBindings
Hook in moduleuser , normally not defined QueryandBindingsrepresents the query read
from the user and the names of the free variables as obtained nesidg term/3 . If this
predicate succeeds, it should biBdpandedandExpandedBinding® the query and bindings
to be executed by the toplevel. This predicate is used by the toplenb@/0 ). See also
expand _answer/2 andterm _expansion/2

expand.answer(Bindings, -ExpandedBindinys
Hook in moduleuser , normally not defined. Expand the result of a successfully executed
toplevel query.Bindingsis the query(Name = (Value binding list from the queryExpand-
edBindingamust be unified with the bindings the toplevel should print.

4.38 Creating a Protocol of the User Interaction

SWI-Prolog offers the possibility to log the interaction with the user on &fikll Prolog interaction,
including warnings and tracer output, are written on the protocol file.

protocol(+File)
Start protocolling on filé=ile. If there is already a protocol file open then close it firstFilé
exists it is truncated.

“IBUG: In the multi-threaded versiomalt/0  does not work when not called from tmeain thread. In the current
system germission _error exception is raised. Future versions may enall/0  from any thread.
427 similar facility was added to Edinburgh C-Prolog by Wouter Jansweijer.
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protocola(+File)
Equivalent toprotocol/l  , but does not truncate théle if it exists.

noprotocol
Stop making a protocol of the user interaction. Pending output is flushed on the file.

protocolling(-File)
Succeeds if a protocol was started wpitotocol/1 or protocola/l and unified-ile with
the current protocol output file.

4.39 Debugging and Tracing Programs

This section is a reference to the debugger interaction predicates. A more use-oriented overview of
the debugger is in sectich9.

If you have installed XPCE, you can use the graphical frontend of the tracer. This frontend is
installed using the predicatpiitracer/0

trace
Start the tracettrace/0 itself cannot be seen in the tracer. Note that the Prolog toplevel treats
trace/0  special; it means ‘trace the next goal'.

tracing
Succeeds when the tracer is currently switchedtoarcing/0 itself can not be seen in the
tracer.

notrace
Stop the tracemotrace/0 itself cannot be seen in the tracer.

guitracer
Installs hooks (seprolog _trace _interception/4 ) into the system that redirects trac-
ing information to a GUI frontend providing structured access to variable-bindings, graphical
overview of the stack and highlighting of relevant source-code.

noguitracer
Reverts back to the textual tracer.

trace(+Pred)
Equivalent tarace( Pred, +all)

trace(+Pred, +Portg
Put a trace-point on all predicates satisfying the predicate specifidatemh Portsis a list
of porthamesdall , redo , exit , fail ). The atomall refers to all ports. If the port is
preceded by a sign the trace-point is cleared for the port. If it is preceded bythe trace-
point is set.

The predicatdrace/2  activates debug mode (sdebug/0 ). Each time a port (of the 4-
port model) is passed that has a trace-point set the goal is printed asaetfl0 . Unlike
trace/0  however, the execution is continued without asking for further information. Exam-
ples:
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?- trace(hello). Trace all ports of hello with any arity in any mod-
ule.

?- trace(foo/2, +fail). Trace failures of foo/2 in any module.

?- trace(bar/1, -all). Stop tracing bar/1.

The predicatelebugging/0  shows all currently defined trace-points.

notrace(+Goal)
Call Goal, but suspend the debugger whd@al is executing. The current implementation cuts
the choicepoints oGoal after successful completion. Seace/l . Later implementations
may have the same semanticsal/1

debug
Start debugger. In debug mode, Prolog stops at spy- and trace-points, disables tail-recursion
optimisation and aggressive destruction of choice-points to make debugging information acces-
sible. Implemented by the Prolog flagbug .

nodebug
Stop debugger. Implementated by the prolog Glebug . See alsalebug/0 .

debugging
Print debug status and spy points on current output stream. See also the prothfigg

spy(+Pred)
Put a spy point on all predicates meeting the predicate specifidatazh See sectiod.4.

nospyPred)
Remove spy point from all predicates meeting the predicate specifidadaoh

nospyall
Remove all spy points from the entire program.

leash(?Port9
Set/query leashing (ports which allow for user interactioRprts is one of+Name -Name
?Nameor a list of these+Nameenables leashing on that pofiyamedisables it andPName
succeeds or fails according to the current setting. Recognised portsadire; redo , exit
fail andunify . The special shortharall refersto all portsfull  refers to all ports except
for the unify port (default)half refers to thecall ,redo andfail port.

visible(+Ports)
Set the ports shown by the debugger. ®ash/1  for a description of the port specification.
Default isfull

unknown(-Old, +New)
Edinburgh-prolog compatibility predicate, interfacing to the ISO prolog flaknown . Val-
ues aretrace (meaningerror ) andfail . If the unknown flag is set towarning |,
unknown/2 reports the value dsace

style_check#Speg
Set style checking optionsSpecis either+(option), - (option), ?(option) or a list of such
options. +(option) sets a style checking option{option) clears it and? (option) succeeds or
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fails according to the current settingonsult/l ~ and derivatives resets the style checking
options to their value before loading the file. I—for example—a file containing long atoms
should be loaded the user can start the file with:

.- style_check(-atom).

Currently available options are:

Name Default | Description
singleton on

read _clause/l (used byconsult/1 ) warns on vari-
ables only appearing once in a term (clause) which have a
name not starting with an underscore.

atom on o _
read/1 and derivatives will produce an error message on

guoted atoms or strings longer than 5 lines.
dollar off Accept dollar as a lower case character, thus avoiding the
need for quoting atoms with dollar signs. System mainte-
nance use only.

discontiguous on Warn if the clauses for a predicate are not together in|the
same source file.

string off Backward compatibility. See the prolog-flag
double _quotes (current _prolog _flag/2 ).

charset off Warn on atoms and variables holding non-ASCII charac-

ters that are not quoted. See also secidrb.l

4.40 Obtaining Runtime Statistics

statistics*Key, -Valug
Unify system statistics determined ey with Value The possible keys are given in the ta-
ble 4.2. The last part of the table contains keys for compatibility to other Prolog implementa-
tions (Quintus) for improved portability. Note that the ISO standard does not define methods to
collect system statistics.

statistics
Display a table of system statistics on the current output stream.

time(+Goal)
ExecuteGoal just like once/1 (i.e., leaving no choice points), but print used time, number
of logical inferences and the average numbéelips (logical inferences per second). Note that
SWI-Prolog counts the actual executed number of inferences rather than the number of passes
through the call- and redo ports of the theoretical 4-port model.

4.41 Execution profiling

This section describes the hierarchical execution profiler introduced in SWI-Prolog 5.1.10. This pro-
filer is based on ideas frogprof described in ]. The profiler consists of two
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agc Number of atom garbage-collections performed

agcgained Number of atoms removed

agctime Time spent in atom garbage-collections

cputime (User)cputime since Prolog was started in seconds

inferences Total number of passes via the call and redo ports since Prolog was
started.

heap Estimated total size of the heap (see sechdty.])

heapused Bytes heap in use by Prolog.

heaplimit Maximum size of the heap (see sectibi7.])

local Allocated size of the local stack in bytes.

localused Number of bytes in use on the local stack.

locallimit Size to which the local stack is allowed to grow

global Allocated size of the global stack in bytes.

globalused Number of bytes in use on the global stack.

globallimit Size to which the global stack is allowed to grow

trail Allocated size of the trail stack in bytes.

trailused Number of bytes in use on the trail stack.

traillimit Size to which the trail stack is allowed to grow

atoms Total number of defined atoms.

functors Total number of defined name/arity pairs.

predicates Total number of predicate definitions.

modules Total number of module definitions.

codes Total amount of byte codes in all clauses.

threads MT-version: number of active threads

threadscreated MT-version: number of created threads

threadcputime MT-version: seconds CPU time used by finished threads. Sup-
ported on Windows-NT and later, Linux and possibly a few more.
Verify it gives plausible results before using.

Compatibility keys

runtime [ CPU time, CPU time since last ] (milliseconds)

systemtime [ System CPU time, System CPU time since last ] (milliseconds)

realtime [ Wall time, Wall time since last ] (seconds since 1970)

memory [ Total unshared data, free memory ] (Uses getrusage() if available,
otherwise incomplete own statistics.

stacks [ global use, local use ]

program [ heap, 0]

globalstack [ global use, global free ]

local_stack [ local use, local free |

trail [trail use, 0]

garbagecollection [ number of GC, bytes gained, time spent ]

stackshifts [ global shifts, local shifts, time spent ] (fails if no shifter in this
version)

atoms [ number, memory use, 0]

Same as memory

Table 4.2: Keys fostatistics/2
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parts: the information-gathering is built into the kerfreind a presentation component which is de-
fined in thestatistics library. The latter can be hooked, which is used by the XPCE module
swi/pce _profile  to provide an interactive graphical representation of results.

4.41.1 Profiling predicates

Currently, the interface is kept compatible with the old profiler. As experience grows, it is likely that
the old interface is replaced with one that better reflects the new capabilities. Feel free to examine the
internal interfaces and report useful application thereof.

profile(:Goal)
ExecuteGoaljust liketime/l , collecting profiling statistics and cahow _profile  (plain,
25). With XPCE installed this opens a graphical interface to the collected profiling data.

profile(:Goal, +Style, +Numbeér
ExecuteGoal just like time/l . Collect profiling statistics and show the tdlumberproce-
dures on the current output stream (shew _profile/1 ) usingStyle The results are keptin

the database untieset _profiler/O or profile/3 is called and can be displayed again
with show _profile/1 . Theprofile/1 predicate is a backward compatibility interface to
profile/1 . The other predicates in this section are low-level predicates for special cases.

show_profile(+Style, +Numbey
Show the collected results of the profiler. It shows the fapnberpredicates according the
percentagepPu-time used. IfStyleis plain  the time spent in the predicates itself is displayed.
If Styleis cumulative  the time spent in its siblings (callees) is added to the predicate.

This predicate first callprolog:show _profile  _hook/2 . If XPCE is loaded this hook is
used to activate a GUI interface to visialise the profile results.

show_profile(+Numbe
Compatibility. Same ashow _profile  (plain, Numbey.

profiler(-Old, +New)
Query or change the status of the profiler. The status is a bodiesn (or false ) stating
whether or not the profiler is collecting data. It can be used to enable or disable profiling certain
parts of the program.

reset profiler
Switches the profiler tfalse and clears all collected statistics.

noprofile(+Name/+Arity, .. )
Declares the predicatéaméeArity to be invisible to the profiler. The time spend in the named
predicate is added to the caller and the callees are linked directly to the caller. This is particulary
useful for simple meta-predicates suctcal/l ,ignore/l , catch/3 , etc.

“*There are two implementations; one based on setitimer() isinGIB®ROFsignal and one using Windows Multi
Media (MM) timers. On other systems the profiler is not provided.
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Figure 4.1: Execution profiler showing the activity of the predicdtat:inv _map.list/5

4.41.2 Visualizing profiling data

Browsing the annotated call-tree as described in sedtiéh. 3itself is not very attractive. Therefore,
the results are combined per predicate, collectingallersand andcalleesas well as the propagation
of time and activations in both directions. Figutel illustrates this. The central yellowish line is
the ‘current’ predicate with counts for time spent in the predicate (‘Self’), time spent in its children
(‘Siblings’), activations through the call and redo ports. Above that aredlers Here, the two time
fields indicate how much time is spent serving each of the callers. The columns sum to the time in the
yellowish line. The callexrecursive- are the number of recursive calls. Below the yellowish lines
are the callees, with the time spent in the callee itself for serving the current predicate and the time
spent in the callees of the callee ('Siblings’), so the whole time-block adds up to the ‘Siblings’ field of
the current predicate. The ‘Access’ fields show how many times the current predicate accesses each
of the callees.

The predicates have a menu that allows changing the view of the detail window to the given caller
or callee, showing the documentation (if it is a built-in) and/or jumping to the source.

The statistics shown in the report-field of figurd show the following information:

e samples
Number of times the call-tree was sampled for collecting time statistics. On most hardware the
resolution ofSIGPROFis 1/100 second. This number must be sufficiently large to get reliable
timing figures. Thelime menu allows viewing time as samples, relative time or absolute time.

e sec
Total user CPU time with the profiler active.

e predicates
Total count of predicates that have been called at least one time during the profile.

e nodes
Number of nodes in the call-tree.

o distortion
How much of the time is spend building the call-tree as a percentage of the total execution time.
Timing samples while the profiler is building the call-tree are not added to the call-tree.
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4.41.3 Information gathering

While the program executes under the profiler, the system budgisamiccall-tree. It does this using

three hooks from the kernel: one that starts a new gwafCall), one the tells the system which goal

is resumed after aaxit (profExit) and one that tells the system which goal is resumed aftaf é.e.

which goal is used toetry (profRed9). The profCall() function finds or creates the subnode for the
argument predicate below the current node, increments the call-count of this link and returns the sub-
node which is recorded in the Prolog stack-frame. Choice-points are marked with the current profiling
node. profExit() and profRedo() pass the profiling node where execution resumes.

Just using the above algorithm would create a much too big tree due to recursion. For this reason
the system performs detection of recursion. In the simplest case, recursive procedures increment the
‘recursive’ count on the current node. Mutual recursion however is not easily detected. For example,
call/l can call a predicate that usesll/1 itself. This can be viewed as a recursive invocation,
but this is generally not desirable. Recursion is currently assumed if the same predficdbe same
parentappears higher in the call-graph. Early experience with a some arbirary non-trivial programs
are promising.

The last part of the profiler collects statistics on the CPU-time used in each node. On systems
providing setitimer() withSIGPROF it ‘ticks’ the current node of the call-tree each time the timer
fires. On Windows a MM-timer in a seperate thread checks 100 times per second how much time is
spent in the profiled thread and adds this to the current node. See sedtioBfor details.

Profiling in the Windows Implementation

Profiling in the Windows version is similar but, especially on Windows 95/98/ME one should be
aware of the implementatidi. Windows does not provide timers that fire asynchronously, frequent
and proportional to the CPU time used by the process. Windows does provide multi-media timers that
can run at high frequency. Such timers however run in a seperate thread of execution and they are
fired on the wall-clock rather than the amount of CPU time used. The profiler installs such a timer
running, for saving CPU time, rather inaccurately at about 100 Hz. Each time it is fired, it determines
the millisecons CPU time used by Prolog since the last time it was fired. If this value is nhon-zero,
active predicates are incremented with this value.

On Windows 95/98/ME (DOS-based Windows), there is no possibility to get the CPU-time used
by a thread or processTherefore, on these systems profiling results does not count CPU-time,
but elapsed time. For sensible results on these systems, ensure the system has no other active tasks
and be aware that I/O operations include the time Prolog is blocked waiting for data.

4.42 Memory Management

Note:limit _stack/2 andtrim _stacks/0 have no effect on machines that do not offer dynamic
stack expansion. On these machines these predicates simply succeed to improve portability.

garbagecollect
Invoke the global- and trail stack garbage collector. Normally the garbage collector is in-
voked automatically if necessary. Explicit invocation might be useful to reduce the need
for garbage collections in time critical segments of the code. After the garbage collection
trim _stacks/O is invoked to release the collected memory resources.

“We hereby acknowledge Lionel Fourquaux, who suggested the design described here after a newsnet enquiry.
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garbagecollectatoms
Reclaim unused atoms. Normally invoked afigc _margin (a prolog flag) atoms have been
created. On multi-threaded versions the actual collection is delayed until there there are no
threads performing normal garbage collection. In this ggabage _collect _atoms/O
returns immediately. Note this implies there is no guarantee itevdélr happen as there may
always be threads performing garbage collection.

limit _stack(+Key, +Kbyte3
Limit one of the stack areas to the specified valeyis one oflocal , global or trail
The limit is an integer, expressing the desired stack limit in K bytes. If the desired limit is
smaller than the currently used value, the limit is set to the nearest legal value above the cur-
rently used value. If the desired value is larger than the maximum, the maximum is taken.
Finally, if the desired value is either O or the atamlimited  the limit is set to its maximum.
The maximum and initial limit is determined by the command line optitns-G and-T .

trim _stacks
Release stack memory resources that are not in use at this moment, returning them to the oper-
ating system. Trim stack is a relatively cheap call. It can be used to release memory resources in
a backtracking loop, where the iterations require typically seconds of execution time and very
different, potentially large, amounts of stack space. Such a loop should be written as follows:

loop :-
generator,
trim_stacks,
potentially _expensive_operation,
stop_condition, !.

The prolog top level loop is written this way, reclaiming memory resources after every user
query.

stack parameter(+Stack, +Key, -Old, +New
Query/set a parameter for the runtime stacksackis one oflocal , global , trail or
argument . The table below describes tHeyValuepairs. Old is first unified with the current
value.

limit Maximum size of the stack in bytes
min _free Minimum free space at entry of foreign predicate

This predicate is currently only available on versions that use the stack-shifter to enlarge the
runtime stacks when necessary. It's definition is subject to change.

4.43 Windows DDE interface

The predicates in this section deal with MS-Windows ‘Dynamic Data Exchange’ or DDE prdtocol.
A Windows DDE conversation is a form of interprocess communication based on sending reserved
window-events between the communicating processes.

See also sectiod.4 for loading Windows DLL's into SWI-Prolog.

“This interface is contributed by Don Dwiggins.
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4.43.1 DDE clientinterface

The DDE client interface allows Prolog to talk to DDE server programs. We will demonstrate the use
of the DDE interface using the Windows PROGMAN (Program Manager) application:

1 ?- open_dde_conversation(progman, progman, C).

cC=0
2 ?- dde_request(0, groups, X)

--> Unifies X with description of groups

3 ?- dde_execute(0, '[CreateGroup("DDE Demo™)]).
Yes

4 ?- close_dde_conversation(0).

Yes

For details on interacting witprogman , use the SDK online manual section on the Shell DDE
interface. See also the Prolbgrary(progman) , Wwhich may be used to write simple Windows
setup scripts in Prolog.

opendde_conversation{tService, +Topic, -Handlg
Open a conversation with a server supporting the given service name and topic (atoms). If
successfulHandlemay be used to send transactions to the server. If no willing server is found
this predicate fails silently.

closedde_conversation(-Handle)
Close the conversation associated withndle All opened conversations should be closed
when they're no longer needed, although the system will close any that remain open on process
termination.

dde_request*Handle, +item, -Valug
Request a value from the serviiemis an atom that identifies the requested data,\éabdewill
be a string CF.TEXT data in DDE parlance) representing that data, if the request is successful.
If unsuccessfulValuewill be unified with a term of fornerror(  (Reasoh) , identifying the
problem. This call uses SWI-Prolog string objects to return the value rather then atoms to
reduce the load on the atom-space. See sedtiddfor a discussion on this data type.

dde execute¢Handle, +Commanyl
Request the DDE server to execute the given command-string. Succeeds if the command could
be executed and fails with error message otherwise.

dde_poke(+Handle, +Item, +Command
Issue P OKEcommand to the server on the specifisain Command is passed as data of type
CE.TEXT.
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4.43.2 DDE server mode

The (autoloadbibrary(dde) defines primitives to realise simple DDE server applications in SWI-
Prolog. These features are provided as of version 2.0.6 and should be regarded prototypes. The C-part
of the DDE server can handle some more primitives, so if you need features not provided by this
interface, please studiprary(dde)

dde_register_service@-Template, +Goa)
Register a server to handle DDE request or DDE execute requests from other applications. To
register a service for a DDE requesgmplates of the form:

+Service(+Topic, +ltem, +Value)

Serviceis the name of the DDE service provided (liggogman in the client example above).
Topicis either an atom, indicatinGoal only handles requests on this topic or a variable that
also appears ioal IltemandValueare variables that also appeaiGal. [temrepresents the
request data as a Prolog at6fn.

The example below registers the Prologrent _prolog _flag/2 predicate to be accessi-
ble from other applications. The request may be given from the same Prolog as well as from
another application.

?- dde_register_service(prolog(current_prolog_flag, F, V),
current_prolog_flag(F, V)).

?- open_dde_conversation(prolog, current_prolog_flag, Handle),
dde_request(Handle, home, Home),
close_dde_conversation(Handle).

Home = ’lusr/local/lib/pl-2.0.6/

Handling DDEexecute requests is very similar. In this case the template is of the form:
+Service(+Topic, +ltem)

Passing &alueargument is not needed as execute requests either succeed orGail fails,
a ‘not processed’ is passed back to the caller of the DDE request.

dde_unregister_servicefService
Stop responding t&ervice If Prolog is halted, it will automatically call this on all open ser-
vices.

dde_current _service¢Service, -Topic
Find currently registered services and the topics served on them.

dde_current_connection¢Service, -Topig
Find currently open conversations.

“6Upto version 3.4.5 this was a list of character codes. As recent versions have atom garbage collection there is no need
for this anymore.
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4.44 Miscellaneous

dwim_match(+Atom1, +Atom2
Succeeds iAtomlmatchesAtom2in ‘Do What | Mean’ sense. Botitomland Atom2may
also be integers or floats. The two atoms match if:

They are identical

They differ by one character (spy spu)

One character is inserted/deleted (deludeug)

Two characters are transposed (tractarce)

e ‘Sub-words’ are glued differently (existsfite existsFile= existsfile)
e Two adjacent sub words are transposed (existsEilibe Exists)

dwim_match(+Atom1, +Atom2, -Differenge
Equivalent todwim_match/2 , but unifiesDifferencewith an atom identifying the the dif-
ference betweemtoml and Atom2 The return values are (in the same order as above):
equal , mismatched _char , inserted _char , transposed _char , separated and
transposed _word .

wildcard _match(+Pattern, +String
Succeeds iString matches the wildcard patteRattern Patternis very similar the the Unix
csh pattern matcher. The patterns are given below:

: Matches one arbitrary character.
* Matches any number of arbitrary characters.
[...] Matches one of the characters specified between the brackets.
(charl)- (char2) indicates a range.
{... } Matches any of the patterns of the comma separated list between the braces.

Example:
?- wildcard_match(’[a-z]*.{pro,pl}[%], 'a_hello.pl%").

Yes

gensym(Base, -Uniqug
Generate a unique atom from b&&seand unify it withUnique Baseshould be an atom. The
first call will return (base 1, the next(base2, etc. Note that this is no warrant that the atom is
unique in the systerf.

sleep¢Time)
Suspend executiofime seconds.Timeis either a floating point number or an integer. Gran-
ularity is dependent on the system’s timer granularity. A negative time causes the timer to
return immediately. On most non-realtime operating systems we can only ensure execution is
suspended foat least Timeseconds.

On Unix systems theleep/1  predicate is realised —in order of preference— by nanosleep(),
usleep(), select() if the time is below 1 minute or sleep(). On Windows systems Sleep() is used.

4’BUG: | plan to supply a reajensym/2 which does give this warrant for future versions.
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5.1 Why Using Modules?

In traditional Prolog systems the predicate space was flat. This approach is not very suitable for
the development of large applications, certainly not if these applications are developed by more than
one programmer. In many cases, the definition of a Prolog predicate requires sub-predicates that are
intended only to complete the definition of the main predicate. With a flat and global predicate space
these support predicates will be visible from the entire program.

For this reason, it is desirable that each source module has it's own predicate space. A module
consists of a declaration for it's name, ipaiblic predicatesand the predicates themselves. This
approach allow the programmer to use short (local) names for support predicates without worrying
about name conflicts with the support predicates of other modules. The module declaration also makes
explicit which predicates are meant for public usage and which for private purposes. Finally, using
the module information, cross reference programs can indicate possible problems much better.

5.2 Name-based versus Predicate-based Modules

Two approaches to realize a module system are commonly used in Prolog and other languages. The
first one is thename basednodule system. In these systems, each atom read is tagged (normally
prefixed) with the module name, with the exception of those atoms that are dpfibéd In the
second approach, each module actually implements its own predicate space.

A critical problem with using modules in Prolog is introduced by the meta-predicates that trans-
form between Prolog data and Prolog predicates. Consider the case where we write:

.- module(extend, [add_extension/3]).

add_extension(Extension, Plain, Extended) :-
maplist(extend_atom(Extension), Plain, Extended).

extend_atom(Extension, Plain, Extended) :-
atom_concat(Plain, Extension, Extended).

In this case we would like maplist to call exteatbm/3 in the modulextend . A name based
module system will do this correctly. It will tag the at@rtend _atom with the module and maplist

will use this to construct the tagged term exteatdm/3. A name based module however, will not only

tag the atoms that will eventually be used to refer to a predicatealbatoms that are not declared
public. So, with a name based module system also data is local to the module. This introduces another
serious problem:
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.- module(action, [action/3]).

action(Object, sleep, Arg) :- ...
action(Object, awake, Arg) :- ....

.- module(process, [awake_process/2)).

awake_process(Process, Arg) :-
action(Process, awake, Arg).

This code uses a simple object-oriented implementation technique were atoms are used as method
selectors. Using a name based module system, this code will not work, unless we declare the selectors
public atoms in all modules that use them. Predicate based module systems do not require particular
precautions for handling this case.

It appears we have to choose either to have local data, or to have trouble with meta-predicates.
Probably it is best to choose for the predicate based approach as novice users will not often write
generic meta-predicates that have to be used across multiple modules, but are likely to write programs
that pass data around across modules. Experienced Prolog programmers should be able to deal with
the complexities of meta-predicates in a predicate based module system.

5.3 Defining a Module

Modules normally are created by loadingnadule file A module file is a file holding anodule/2

directive as its first term. Theodule/2 directive declares the name and the public (i.e., externally
visible) predicates of the module. The rest of the file is loaded into the module. Below is an example
of a module file, definingeverse/2

.- module(reverse, [reverse/2]).

reverse(Listl, List2) :-
rev(Listl, [], List2).

rev([], List, List).
rev([Head|List1], List2, List3) :-
rev(Listl, [Head|List2], List3).

5.4 Importing Predicates into a Module

As explained before, in the predicate based approach adapted by SWI-Prolog, each module has it's
own predicate space. In SWI-Prolog, a module initially is completely empty. Predicates can be added
to a module by loading a module file as demonstrated in the previous section, using assert or by
importingthem from another module.

Two mechanisms for importing predicates explicitly from another module exist. The
use _module/[1,2] predicates load a module file and import (part of the) public predicates of
the file. Theimport/1  predicate imports any predicate from any module.
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usemodule(+File)
Load the file(s) specified witRile just like ensure _loaded/1 . The files should all be mod-
ule files. All exported predicates from the loaded files are imported into the context module.
This predicate is equivalent tmsure _loaded/1 , except that it raises an errorkfle is not
a module file.

usemodule(+File, +ImportList)
Load the file specified witlrile (only one file is accepted)File should be a module file.
ImportListis a list of name/arity pairs specifying the predicates that should be imported from
the loaded module. If a predicate is specified that is not exported from the loaded module a
warning will be printed. The predicate will nevertheless be imported to simplify debugging.

import( +Head)
Import predicatédeadinto the current context moduléleadshould specify the source module
using the(module:(term) construct. Note that predicates are normally imported using one of
the directivesuse _module/[1,2] . import/l is meant for handling imports into dynami-
cally created modules.

It would be rather inconvenient to have to import each predicate referred to by the module, includ-
ing the system predicates. For this reason each module is assigieéaut module All predicates
in the default module are available without extra declarations. Their definition however can be over-
ruled in the local module. This schedule is implemented by the exception handling mechanism of
SWI-Prolog: if an undefined predicate exception is raised for a predicate in some module, the excep-
tion handler first tries to import the predicate from one of the modinefsrt modulesOn success,
normal execution is resumed.

5.4.1 Reserved Modules

SWI-Prolog contains two special modules. The first one is the maystem . This module contains
all built-in predicates described in this manual. Modsystem has no default module assigned to
it. The second special module is the moduger . This module forms the initial working space of
the user. Initially it is empty. The import module of moduiser is system , making all built-in
predicate definitions available as defaults. Built-in predicates thus can be overruled by defining them
in moduleuser before they are used.

All other modules import from the modulgser . This implies they can use all predicates im-
ported intouser without explicitly importing them.

5.5 Using the Module System

The current structure of the module system has been designed with some specific organisations for
large programs in mind. Many large programs define a basic library layer on top of which the actual
program itself is defined. The modulser , acting as the default module for all other modules of

the program can be used to distribute these definitions over all program module without introducing
the need to import this common layer each time explicitly. It can also be used to redefine built-in
predicates if this is required to maintain compatibility to some other Prolog implementation. Typically,
the loadfile of a large application looks like this:
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.- use_module(compatibility). % load XYZ prolog compatibility

;- use_module( % load generic parts
[ error % errors and warnings
, goodies % general goodies (library extensions)
, debug % application specific debugging
, virtual_machine % virtual machine of application

- % more generic stuff

D

;- ensure_loaded(
[ .. % the application itself

D

The ‘usemodule’ declarations will import the public predicates from the generic modules into the
user module. The ‘ensuréaded’ directive loads the modules that constitute the actual application.
It is assumed these modules import predicates from each otherusgngnodule/[1,2] as far as
necessary.

In combination with the object-oriented schema described below it is possible to define a neat
modular architecture. The generic code defines general utilities and the message passing predicates
(invoke/3 in the example below). The application modules define classes that communicate using the
message passing predicates.

5.5.1 Object Oriented Programming

Another typical way to use the module system is for defining classes within an object oriented
paradigm. The class structure and the methods of a class can be defined in a module and the explicit
module-boundary overruling describes in secttof.2can by used by the message passing code to
invoke the behaviour. An outline of this mechanism is given below.

% Define class point

:- module(point, []). % class point, no exports

% name type, default access
% value
variable(x, integer, 0, both).
variable(y, integer, 0, both).

% method name predicate name arguments
behaviour(mirror, mirror, .

mirror(P) :-

fetch(P, x, X),
fetch(P, vy, Y),
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store(P, vy, X),
store(P, x, Y).

The predicates fetch/3 and store/3 are predicates that change instance variables of instances. The
figure below indicates how message passing can easily be implemented:

% invoke(+Instance, +Selector, ?ArgumentList)
% send a message to an instance

invoke(l, S, Args) :-
class_of instance(l, Class),
Class:behaviour(S, P, ArgCheck), !,
convert_arguments(ArgCheck, Args, ConvArgs),
Goal =.. [P|ConVvArgs],
Class:Goal.

The constructModule:(Goal) explicitly callsGoalin moduleModule It is discussed in more detail
in section5.6.

5.6 Meta-Predicates in Modules

As indicated in the introduction, the problem with a predicate based module system lies in the dif-
ficulty to find the correct predicate from a Prolog term. The predicate ‘solution(Solution)’ can exist
in more than one module, but ‘assert(solution(4))’ in some module is supposed to refer to the correct
version of solution/1.

Various approaches are possible to solve this problem. One is to add an extra argument to all
predicates (e.g. ‘assert(Module, Term)’). Another is to tag the term somehow to indicate which mod-
ule is desired (e.g. ‘assert(Module:Term)"). Both approaches are not very attractive as they make the
user responsible for choosing the correct module, inviting unclear programming by asserting in other
modules. The predicatssert/1 s supposed to assert in the module it is called from and should
do so without being told explicitly. For this reason, the notiamtext moduléas been introduced.

5.6.1 Definition and Context Module

Each predicate of the program is assigned a module, calleddfigition module The definition
module of a predicate is always the module in which the predicate was originally defined. Each active
goal in the Prolog system hasantext modul@assigned to it.

The context module is used to find predicates from a Prolog term. By default, this module is the
definition module of the predicate running the goal. For meta-predicates however, this is the context
module of the goal that invoked them. We call tmeduletransparentin SWI-Prolog. In the ‘using
maplist’ example above, the predica@plist/3  is declared moduléransparent. This implies the
context module remainsxtend , the context module of adextension/3. This waynaplist/3
can decide to call extenatom in moduleextend rather than in it's own definition module.

All built-in predicates that refer to predicates via a Prolog term are declared mwdokparent.
Below is the code defining maplist.
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.- module(maplist, maplist/3).

.- module_transparent maplist/3.

% maplist(+Goal, +Listl, ?List2)
% True if Goal can successfully be applied to all successive pairs
% of elements of Listl and List2.

maplist(_, [I, [I)-

maplist(Goal, [Eleml1|Taill], [Elem2|Tail2]) :-
apply(Goal, [Eleml, Elem2]),
maplist(Goal, Taill, Tail2).

5.6.2 Overruling Module Boundaries

The mechanism above is sufficient to create an acceptable module system. There are however cases
in which we would like to be able to overrule this schema and explicitly call a predicate in some
module or assert explicitly in some module. The first is useful to invoke goals in some module from
the user’s toplevel or to implement a object-oriented system (see above). The latter is useful to create
and modifydynamic modulegsee section.?).

For this purpose, the reserved tefth has been introduced. All built-in predicates that transform
a term into a predicate reference will check whether this term is of the faviodule:(Term)’. If so,
the predicate is searched forModuleinstead of the goal’s context module. Theperator may be
nested, in which case the inner-most module is used.

The special calling constru¢vodule: (Goal) pretendssoalis called fromModuleinstead of the
context module. Examples:

?- assert(world:done). % asserts done/0 into module world
?- world:assert(done). % the same
?- world:done. % calls done/0 in module world

5.7 Dynamic Modules

So far, we discussed modules that were created by loading a module-file. These modules have been
introduced on facilitate the development of large applications. The modules are fully defined at load-
time of the application and normally will not change during execution. Having the notion of a set of
predicates as a self-contained world can be attractive for other purposes as well. For example, assume
an application that can reason about multiple worlds. It is attractive to store the data of a particular
world in a module, so we extract information from a world simply by invoking goals in this world.

Dynamic modules can easily be created. Any built-in predicate that tries to locate a predicate in a
specific module will create this module as a side-effect if it did not yet exist. Example:

?- assert(world_a:consistent),
world_a:unknown(_, fail).
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These calls create a module called ‘waddand make the call ‘worlé:consistent’ succeed. Unde-
fined predicates will not start the tracer or autoloader for this moduleufde®own/2 ).

Import and export from dynamically created world is arranged via the predicapest/1  and
export/1

?- world_b:export(solve(_, )). % exports solve/2 from world_b
?- world_c:import(world_b:solve(_,_)). % and import it to world _c

5.8 Module Handling Predicates
This section gives the predicate definitions for the remaining built-in predicates that handle modules.

:- module(+Module, +PublicLis)
This directive can only be used as the first term of a source file. It declares the file to be a
module file definingModuleand exporting the predicates BtiblicList PublicListis a list of
predicate indicators (name/arity pairs) or operator declarations using the fapfaecedence,
Type, Namp Operators defined in the export list are available inside the module as well as to
modules importing this module. See also sectidiit

module_transparent +Preds
Predsis a comma separated list of name/arity pairs (likpamic/1 ). Each goal associated
with a transparent declared predicate will inherit to@text modulérom its parent goal.

meta predicate +Heads
This predicate is defined guintus  and provides a partial emulation of the Quintus predicate.
See sectio®.9.1for details.

current_module(-Modulé
Generates all currently known modules.

current_module(?Module, ?Filg
Is true if File is the file from whichModulewas loadedFile is the internal canonical filename.
See alssource file/[1,2]

context module(-Modulg
Unify Module with the context module of the current goatontext _module/l itself is
transparent.

strip_module(*Term, -Module, -Plaih
Used in module transparent or meta predicates to extract the referenced module and plain term.
If Termis a module-qualified term, i.e. of the formitodulePlain, Module and Plain are
unified to these values. OtherwiBéain is unified toTermandModuleto the context module.

export(+Head)
Add a predicate to the public list of the context module. This implies the predicate will be
imported into another module if this module is imported witte _-module/[1,2] . Note

that predicates are normally exported using the directieedule/2 . export/1  is meant to
handle export from dynamically created modules.
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export_list(+Module, ?Export}
Unifies Exports with a list of terms. Each term has the name and arity of a pub-
lic predicate ofModule The order of the terms irfExportsis not defined. See also
predicate _property/2

import _module(*Module, -Impor)
True if Importis defined as an import module fdtodule All normal modules only import
from user , which imports fromsystem . The predicatesdd _import _module/3 and
delete _import _module/2 can be used to manipulate the import list.

add_import_module(+Module, +Import, +StartOrEndl
If Importis not already an import module fddodule add it to this list at thestart  or end
depending oistartOrEnd See alsimport _module/2 anddelete _import _module/2 .

deleteimport _module(+Module, +Impor)
Deletelmportfrom the list of import modules foModule Fails silently iflmportis not in the
list.

default_module(+Module, -Defauly
Succesively unifiePefault with the module names from which a call Module attempts to
use the definition. For the moduliser , this will generateuser andsystem . For any other
module, this will generate the module itself, followeddmser andsystem .

Backward compatibility. New code should ugsgport _module/2 .
module(+Module)
The callmodule( Module ) may be used to switch the default working module for the inter-

active toplevel (seprolog/0 ). This may be used to when debugging a module. The example
below lists the clauses of filef_label/2 in the moduléex .

1 ?- module(tex).

Yes
tex: 2 ?- listing(file_of_label/2).

5.9 Compatibility of the Module System

The principles behind the module system of SWI-Prolog differ in a number of aspects from the Quin-
tus Prolog module system.

e The SWI-Prolog module system allows the user to redefine system predicates.

e All predicates that are available in tlesystem anduser modules are visible in all other
modules as well.

e Quintus has the meta predicate/l
module _transparent/1 declaration.

declaration were SWI-Prolog has the
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e Operator declarations are local to a module and may be exported.

The meta _predicate/1 declaration causes the compiler to tag arguments that pass module
sensitive information with the module using thi2 operator. This approach has some disadvantages:

e Changing a metaredicate declaration implies all predicatagling the predicate need to be
reloaded. This can cause serious consistency problems.

e It does not help for dynamically defined predicates calling module sensitive predicates.
o It slows down the compiler (at least in the SWI-Prolog architecture).

e At least within the SWI-Prolog architecture the run-time overhead is larger than the overhead
introduced by the transparent mechanism.

Unfortunately the transparent predicate approach also has some disadvantages. If a predicate
A passes module sensitive information to a predidat@assing the same information to a module
sensitive system predicate baothand B should be declared transparent. Using the Quintus approach
only A needs to be treated special (i.e., declared wittta _predicate/1 ). A second problem
arises if the body of a transparent predicate uses module sensitive predicates for which it wants to refer
to its own module. Suppose we want to defiimalall/3 usingassert/l1  andretract/1 2.
The example in figuré.1 gives the solution.

5.9.1 Emulatingmeta _predicate/1

The Quintusmeta _predicate/1 directive can in many cases be replaced by the transparent dec-
laration. Below is the definition aheta _predicate/1 as available fronguintus

- 0p(1150, fx, (meta_predicate)).

meta_predicate((Head, More)) :- |,
meta_predicatel(Head),
meta_predicate(More).

meta_predicate(Head) :-
meta_predicatel(Head).

meta_predicatel(Head) :-
Head =.. [Name|Arguments],
member(Arg, Arguments),
module_expansion_argument(Arg), !,
functor(Head, Name, Arity),
module_transparent(Name/Arity).

meta_predicatel( ). % just a mode declaration

module_expansion_argument(:).
module_expansion_argument(N) :- integer(N).

The discussion above about the problems with the transparent mechanism show the two cases in which
this simple transformation does not work.

! Although this would make it impossible to call directly.
The system version usescordz/2  andrecorded/3
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.- module(findall, [findall/3]).

:- dynamic
solution/1.

.- module_transparent
findall/3,
store/2.

findall(Var, Goal, Bag) :-
assert(findall:solution('$mark’)),
store(Var, Goal),
collect(Bag).

store(Var, Goal) :-
Goal, % refers to context module of
% caller of findall/3
assert(findall:solution(Var)),
fail.

store(_, ).

collect(Bag) :-

Figure 5.1:findall/3 using modules
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Special Variables and
Coroutining

This chapter deals with extensions primarily designed to support constraint logic programming (CLP).

6.1 Attributed variables

Attributed variables provide a technique for extending the Prolog unification algorithm
[ Pby hooking the binding of attributed variables. There is little consensus in the Prolog
community on the exact definition and interface to attributed variables. The SWI-Prolog interface is
identical to the one realised by Bart Demoen for hProlog{ %

Binding an attributed variable schedules a goal to be executed at the first possible opportunity.
In the current implementation the hooks are executed immediately after a successful unification of
the clause-head or successful completion of a foreign language (builtin) predicate. Each attribute
is associated to a module and the hoaltr( _unify _hook/2 ) is executed in this module. The
example below realises a very simple and incomplete finite domain reasoner.

:- module(domain,
[ domain/2 % Var, ?Domain

D).

:- use_module(library(oset)).

domain(X, Dom) :-
var(Dom), !,
get_attr(X, domain, Dom).
domain(X, List) :-
sort(List, Domain),
put_attr(Y, domain, Domain),

X =Y.
% An attributed variable with attribute value Domain has been
% assigned the value Y

attr_unify_hook(Domain, Y) :-

( get_attr(Y, domain, Domz2)

-> oset_int(Domain, Dom2, NewDomain),
( NewDomain == []
-=>  falil
; NewDomain = [Value]
-> Y = Value
; put_attr(Y, domain, NewDomain)
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)
; var(Y)
->  put_attr( Y, domain, Domain )
X memberchk(Y, Domain)

).

Before explaining the code we give some example queries:

?- domain(X, [a,b]), X = ¢ no
?- domain(X, [a,b]), domain(X, [a,c]). X=a
?- domain(X, [a,b,c]), domain(X, [a,c]). X = _G492att(domain, [a, c], [])

The predicatelomain/2 fetches (first clause) or assigns (second clause) the variatdmain
a set of values it can be unified with. In the second clause first associates the domain with a fresh
variable and then unifies X to this variable to deal with the possibility that X already has a domain.
The predicateattr _unify _hook/2 is hook called after a variable with a domain is assigned a
value. In the simple case where the variable is bound to a concrete value we simply check this value
is in the domain. Otherwise we take the intersection of the domains and either fail if the intersection
is empty (first example), simply assign the value if there is only one value in the intersection (second
example) or assign the intersection as the new domain of the variable (third example).

attvar(@Tern)
Succeeds iffermis an attributed variable. Note thehr/1 also succeeds on attributed vari-
ables. Attributed variables are created witht _attr/3

put_attr( +Var, +Module, +Valug
If Varis a variable or attributed variable, set the value for the attribute nhoeidileto Value
If an attribute with this name is already associated Wi, the old value is replaced. Back-
tracking will restore the old value (i.e. an attribute is a mutable term. Seesatsarg/3 ).
This predicate raises a type erroldr is not a variable oModuleis not an atom.

getattr(+Var, +Module, -Valug
Request the curremaluefor the attribute nametflodule If Var is not an attributed variable
or the named attribute is not associated/&o this predicate fails silently. IModuleis not an
atom, a type error is raised.

del_attr( +Var, +Module)
Delete the named attribute. \far looses its last attribute it is transformed back into a traditional
Prolog variable. IModuleis not an atom, a type error is raised. In all other cases this predicate
succeeds regarless whether or not the named attribute is present.

attr _unify _hook(+AttValue, +VarValué
Hook that must be defined in the module an attributed variable refers to. Is is aéitethe
attributed variable has been unified with a non-var term, possibly another attributed variable.
AttValueis the attribute that was associated to the variable in this modul&anlueis the
new value of the variable. Normally this predicate fails to veto binding the variabaritalue
forcing backtracking to undo the binding. VarValueis another attributed variable the hook
often combines the two attribute and associates the combined attribut&/avithlue using
put _attr/3
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attr _portray _hook(+AttValue, +Van
Called bywrite _term/2 and friends for each attribute if the optiattributes (portray)
is in effect. If the hook succeeds the attribute is considered printed. Otherwise
Module = ... s printed to indicate the existence of a variable.

6.1.1 Accessing all attributes

Normal user code should deal wiplut _attr/3 , get _attr/3  anddel _attr/2 . The routinesin
this section fetch or set the entire attribute list of a variables. Use of these predicates is anticipated to
be restricted to printing and other special purpose operations.

getattrs(+Var, -Attributeg
Get all attributes oWar. Attributesis a term of the fornmatt (Module, Value, MoreAttributgs
whereMoreAttributesis [| for the last attribute.

put_attrs(+Var, -Attributeg
Set all attributes o¥ar. Seeget _attrs/2  for a description ofittributes

6.2 Coroutining

Coroutining deals with having Prolog goals scheduled for execution as soon as some conditions is
fullfilled. In Prolog the most commonly used conditions is the instantiation (binding) of a variable.
Scheduling a goal to execute immediately after a variable is bound allows may be used to avoid
instantiation errors for some built-in predicates (e.g. arithmetic), do Veask prevent the binding of

a variable to a particular value, etc. Usiingeze/2  for example we can define a variable can only

be assigned an even number:

?- freeze(X, X mod 2 == 0), X = 3

No

freeze@+Var, :Goal)
Delay the execution ofGoal until Var is bound (i.e. is not a variable or attributed vari-
able). If Var is bound on entryffreeze/2 is equivalent tocall/ll . The freeze/2
predicate is realised using an attributed variable associated with the miodei , so
get _attr(Var, freeze, Attval) can be used to find out whether and which goals
are delayed oivar.

frozen(@Var, -Goa)
Unify Goalwith the goal or conjunction of goals delayed\dr. If no goals are frozen o¥ar,
Goalis unified totrue .

when(@Condition, :Goal
ExecuteGoal when Condition becomes true.Condition is one of ?=(X, Y), nonvar (X),
ground (X),, (Condl, CondRor ; (Condl, Cond® See alsdreeze/2 anddif/2 . The
implementation can deal with cyclic terms.

Thewhen/2 predicate is realised using attributed variable associated with the motele
It is defined in the autoload libramyhen.
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dif(@A, @B
The dif/2  predicate provides a constraint stating tiatand B are different terms. |If
A and B can never unifydif’2  succeeds deterministically. IA and B are iden-
tical it fails immediately and finally, ifA and B can unify, goals are delayed that
prevent A and B to become equal. Thalif/l2 predicate behaves as if defined by
dif(X, Y) :- when(?=(X, Y), X \==Y) . See alsd?=/2 . The implementation
can deal with cyclic terms.

Thedif/2 predicate is realised using attributed variable associated with the ndifluldt is
defined in the autoload libramf .

6.3 Global variables

Global variables are associations between names (atoms) and terms. They differ in various ways from
storing information usingssert/1  or recorda/3

[ ]
The value lives on the Prolog (global) stack. This implies that lookup time is independent from
the size of the term. This is particulary interesting for large data structures such as parsed XML
documents or the CHR global constraint store.

o o
They support both global assignment usntigsetval/2  and backtrackable assignment using
b_setval/2

o o
Only one value (which can be an arbitrary complex Prolog term) can be associated to a variable
at atime.

e o
Their value cannot be shared among threads. Each thread has its own namespace and values for
global variables.

o o
Currently global variables are scoped globally. We may consider module scoping in future
versions.

Bothb_setval/2  andnb_setval/2  implicitely create a variable if the referenced name does
not already refer to a variable.

b_setval+Name, +Valug
Associate the ternvaluewith the atomNameor replaces the currently associated value with
Value If Namedoes not refer to an existing global variable a variable with initial v§luas
created (the empty list). On backtracking the assignment is reversed.

b_getval(+Name, -Valug
Get the value associated with the global varidiéemeand unify it with Value Note that this
unification may further instantiate the value of the global variable. If this is undesirable the
normal precautions (double negationampy _term/2 ) must be taken. Thé_getval/2
predicate generates errordNmeis not an atom or the requested variable does not exist.
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nb_setval*Name, +Valug
Associates a copy dfaluecreated withrduplicate  _term/2  with the atomName Note that
this can be used to set an initial value other tfjarprior to backtrackable assignment.

nb_getval(+Name, -Valug
Thenb_getval/2  predicate is a synonym féx getval/2 , introduced for compatibility and
symetry. As most scenarios will use a particular global variable either using non-backtracable
or backtrackable assignment, usimg_getval/2  can be used to document that the variable
is used non-backtracable.

nb_linkval( +Name, +Valu¢
Associates the terivaluewith the atomNamewithout copying it. This is a fast special-purpose
variation ofnb _setval/2  intended for expert users only because the semantics on backtrack-
ing to a point before creating the link are poorly defined for compound terms. The principal
term is always left untouched, but backtracking behaviour on arguments is undone if the orginal
assignment wasailed and left alone otherwise, which implies that the history that created the
term affects the behaviour on backtracking. Please consider the following example:

demo_nb_linkval :-

T = nice(N),

( N = world,
nb_linkval(myvar, T),
fall

; nb_getval(myvar, V),
writeln(V)

).

nb_current(?Name, ?Value
Enumerate all defined variables with their value. The order of enumeration is undefined.

nb_deletetName
Delete the named global variable.

6.3.1 Compatibility of SWI-Prolog Global Variables

Global variables have been introduced by various Prolog implementations recently. The implemen-
tation of them in SWI-Prolog is based on hProlog by Bart Demoen. In discussion with Bart it was
decided that the semantics if hPrololg_setval/2 , which is equivalent tmb _linkval/2 is not
acceptable for normal Prolog users as the behaviour is influenced by how builtin predicates construct-
ing terms (ead/1 , =../2, etc.) are implemented.

GNU-Prolog provides a rich set of global variables, including arrays. Arrays can be implemented
easily in SWI-Prolog usingunctor/3 andsetarg/3  due to the unrestricted arity of compound
terms.
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CHR: Constraint Handling
Rules

This chapter is written by Tom Schrijvers, K.U. Leuven for the hProlog system. Adjusted by Jan
Wielemaker to fit the SWI-Prolog documentation infrastructure and remove hProlog specific refer-
ences.

The CHR runtime environment using in SWI-Prolog is written by Christian Holzbaur and Tom
Schrijvers while the compiler is written by Tom Schrijvers. Both are integrated with SWI-Prolog and
licenced under compatible conditions with permission from the authors.

7.1 Introduction

Constraint Handling Rules (CHR) is a committed-choice bottom-up language embedded in Prolog. It
is designed for writing constraint solvers and is particularily useful for providing application-specific
constraints. It has been used in many kinds of applications, like scheduling, model checking, abduc-
tion, type checking among many others.

CHR has previously been implemented in other Prolog systems (SICStus, Eclipse, Yap), Haskell
and Java. This CHR system is based on the compilation scheme and runtime environment of CHR in
SICStus.

In this documentation we restrict ourselves to giving a short overview of CHR in general and
mainly focus on elements specific to this implementation. For a more thorough review of CHR we
refer the reader ta ]J. More background on CHR can be found &ti] ]

In section7.2 we present the syntax of CHR in Prolog and explain informally its operational
semantics. Next, section3 deals with practical issues of writing and compiling hProlog programs
containing CHR. Sectiofi.4 explains the currently primitive CHR debugging facilities. Secfich3
provides a few useful predicates to inspect the constraint store and sé&idlostrates CHR with
two example programs. In secti@ré some compatibility issues with SICStus CHR are listed. Finally,
section?7.7 concludes with a few practical guidelines for using CHR.

7.2 Syntax and Semantics

7.2.1 Syntax

The syntax of CHR rules in hProlog is the following:

rules --> rule, rules.
rules --> [].

rule --> name, actual_rule, pragma, [atom(.’)].

name --> atom, [atom('@’)].
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name --> [].

actual_rule --> simplification_rule.
actual_rule --> propagation_rule.
actual_rule --> simpagation_rule.

simplification_rule --> constraints, [atom('<=>")], guard, body.

propagation_rule --> constraints, [atom('==>")], guard, body.

simpagation_rule --> constraints, [atom(’\')], constraints, [atom('<=>")],
guard, body.

constraints --> constraint, constraint_id.
constraints --> constraint, [atom(’,’)], constraints.

constraint --> compound_term.

constraint_id --> [].
constraint_id --> [atom('#’)], variable.

guard --> [].
guard --> goal, [atom(|)].

body --> goal.

pragma --> [].
pragma --> [atom('pragma’)], actual_pragmas.

actual_pragmas --> actual_pragma.
actual_pragmas --> actual_pragma, [atom(’,")], actual_pragmas.

actual_pragma --> [atom('passive(’)], variable, [atom(’))].

Additional syntax-related terminology:

e head: the constraints in aactual _rule before the arrow (eithet=> or —)

7.2.2 Semantics

In this subsection the operational semantics of CHR in Prolog are presented informally. They do not
differ essentially from other CHR systems.

When a constraint is called, it is considered an active constraint and the system will try to apply
the rules to it. Rules are tried and executed sequentially in the order they are written.

A rule is conceptually tried for an active constraint in the following way. The active constraint
is matched with a constraint in the head of the rule. If more constraints appear in the head they are
looked for among the suspended constraints, which are called passive constraints in this context. If
the necessary passive constraints can be found and all match with the head of the rule and the gaurd of
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the rule succeeds, then the rule is committed and the body of the rule executed. If not all the necessary
passive constraint can be found, the matching fails or the guard fails, then the body is not executed
and the process of trying and executing simply continues with the following rules. If for a rule, there
are multiple constraints in the head, the active constraint will try the rule sequentially multiple times,
each time trying to match with another constraint.

This process ends either when the active constraint disappears, i.e. it is removed by some rule, or
after the last rule has been processed. In the latter case the active constraint becomes suspended.

A suspended constraint is eligible as a passive constraint for an active constraint. The other way
it may interact again with the rules, is when a variable appearing in the constraint becomes bound to
either a nonvariable or another variable involved in one or more constraints. In that case the constraint
is triggered, i.e. it becomes an active constraint and all the rules are tried.

Rule Types There are three different kinds of rules, each with their specific semantics:

o simplification
The simplification rule removes the constraints in its head and calls its body.

e propagation
The propagation rule calls its body exactly once for the constraints in its head.

e simpagation
The simpagation rule removes the constraints in its head aftgrahd then calls its body. It is
an optimization of simplification rules of the form:
constraintsy, constraintsy <=> constraintsy, body
Namely, in the simpagation form:

constraintsi\constraintsy <=> body

Theconstraintsl constraints are not called in the body.

Rule Names Naming a rule is optional and has no semantical meaning. It only functions as docu-
mentation for the programmer.

Pragmas The semantics of the pragmas are:

passive(dentifien
The constraint in the head of a ruentifiercan only act as a passive constraint in that rule.

Additional pragmas may be released in the future.

Options It is possible to specify options that apply to all the CHR rules in the module. Options are
specified with theoption/2  declaration:

option(Option,Value).

Available options are:
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check guard_bindings
This option controls whether guards should be checked for illegal variable bindings or not.
Possible values for this option ana, to enable the checks, anff , to disable the checks.

optimize
This is an experimental option controlling the degree of optimization. Possible valued are
to enable all available optimizations, anff , to disable all optimizations. The default is
derived from the SWI-Prolog flagptimise , wheretrue is mapped tdull . Therefore the
commandline optiorO provides full CHR optimization.

debug
This options enables or disables the possibility to debug the CHR code. Possible values are
andoff (default). See section.4 for more details on debugging. The default is derived from
the prolog flaggenerate _debug _info , which istrue by default. Seenodebug .

mode
This option specifies the mode for a particular constraint. The value is a term with functor and
arity equal to that of a constraint. The arguments can be one ofor ?. The latter is the
default. The meaning is the following:

The corresponding argument of every occurrence of the constraint is always unbound.
The corresponding argument of every occurrence of the constraint is always ground.
The corresponding argument of every occurrence of the constraint can have any instantia-

tion, which may change over time. This is the default value.

The declaration is used by the compiler for various optimizations. Note that it is up to the user
the ensure that the mode declaration is correct with respect to the use of the constraint. This
option may occur once for each constraint.

7.3 CHR in SWI-Prolog Programs

7.3.1 Embedding in Prolog Programs

The CHR constraints defined in a particulachr file are associated with a module. The default
module isuser . One should never load differerdhr files with the same CHR module name.

7.3.2 Compilation

The SWI-Prolog CHR compiler exploiterm _expansion/2  rules to translate the constraint han-
dling rules to plain Prolog. These rules are loaded from the libchry. They are activated if the
compiled file has thechr extension or after finding a declaration of the format below.

- constraints ...

It is adviced to define CHR rules in a module file, where the module declaration is immediately
followed by including thechr library as examplified below:
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.- module(zebra, [ zebra/0 ]).
:- use_module(library(chr)).

- constraints ...

Using this style CHR rules can be defined in ordinary Profig files and the operator definitions
required by CHR do not leak into modules where they might cause conflicts.

7.4 Debugging

The CHR debugging facilities are currently rather limited. Only tracing is currently available. To use
the CHR debugging facilities for a CHR file it must be compiled for debugging. Generating debug
info is controlled by the CHR optiodebug, whose default is derived from the SWI-Prolog flag
generate _debug _info . Therefore debug info is provided unless thedebug is used.

7.4.1 Ports

For CHR constraints the four standard ports are defined:

e call
A new constraint is called and becomes active.

o exit
An active constraint exits: it has either been inserted in the store after trying all rules or has
been removed from the constraint store.

o fail
An active constraint fails.

e redo
An active constraint starts looking for an alternative solution.

In addition to the above ports, CHR constraints have five additional ports:

e wake
A suspended constraint is woken and becomes active.

e insert
An active constraint has tried all rules and is suspended in the constraint store.

e remove
An active or passive constraint is removed from the constraint store, if it had been inserted.

o try
An active constraints tries a rule with possibly some passive constraints. The try port is entered
just before committing to the rule.

e apply
An active constraints commits to a rule with possibly some passive constraints. The apply port
is entered just after committing to the rule.
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7.4.2 Tracing

Tracing is enabled with thehr _trace/0  predicate and disabled with tlolr _notrace/0  pred-
icate.

When enabled the tracer will step through ttedl , exit , fail , wake andapply ports,
accepting debug commands, and simply write out the other ports.

The following debug commans are currently supported:

CHR debug options:

<cr> creep c creep
skip

ancestors

nodebug

break

abort
fail

help h help

N TP TS QO»m

Their meaning is:

e creep
Step to the next port.

e skip
Skip to exit port of this call or wake port.

e ancestors
Print list of ancestor call and wake ports.

e nodebug
Disable the tracer.

e break
Enter a recursive Prolog toplevel. Sereak/0

e abort
Exit to the toplevel. Seabort/0O

o falil
Insert failure in execution.

e help
Print the above available debug options.
7.4.3 CHR Debugging Predicates

The chr module contains several predicates that allow inspecting and printing the content of the
constraint store.
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chr_trace
Activate the CHR tracer. By default the CHR tracer is activated and deactivated automatically
by the Prolog predicatasace/0  andnotrace/0

chr_notrace
De-activate the CHR tracer. By default the CHR tracer is activated and deactivated automati-
cally by the Prolog predicatesace/0  andnotrace/0

chr_leash@Speq
Define the set of CHR ports on which the CHR tracer asks for user intervention (i.e. stops).
Speds either a list of ports as defined in sectiod.1or a predefined ‘alias’. Defined aliases
are:full  to stop at all portsnone or off to never stop, andefault  to stop at thecall
exit ,fail ,wake andapply ports. See alsteash/1

chr_show store(+Mod)
Prints all suspended constraints of modMled to the standard output.

7.5 Examples
Here are two example constraint solvers written in CHR.

e The program below defines a solver with one constréa2 , which is a less-than-or-equal
constraint.

- module(leq,[cycle/3, leq/2]).
- use_module(library(chr)).

;- constraints leg/2.

reflexivity @ leq(X,X) <=> true.

antisymmetry @ leq(X,Y), leq(Y,X) <=> X =Y.
idempotence @ leq(X,Y) \ leg(X,Y) <=> true.
transitivity @ leq(X,Y), leq(Y,Z) ==> leq(X,Z2).

cycle(X,Y,2):-
leq(X,Y),

leq(Y,2),
leq(Z,X).

e The program below implements a simple finite domain constraint solver.

:- module(dom,[dom/2]).
:- use_module(library(chr)).

- constraints dom/2.

dom(X,[]) <=> fail.
dom(X,[Y]) <=> X =Y.
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dom(X,L1), dom(X,L2) <=> intersection(L1,L2,L3), dom(X,L3).

intersection([],_,[D).

intersection([H|T],L2,[H|L3]) :-
member(H,L2), !,
intersection(T,L2,L3).

intersection([_|T],L2,L3) :-
intersection(T,L2,L3).

7.6 Compatibility with SICStus CHR

There are small differences between CHR in SWI-Prolog and SICStus. Besides differences in avail-
able options and pragmas, the following differences should be noted:

e Thehandler/1 declaration

In SICStus every CHR module requireandler/l  declaration declaring a unique handler
name. This declaration is valid syntax in SWI-Prolog, but will have no effect. A warning will
be given during compilation.

Therules/1  declaration

In SICStus every CHR it is possible to only enable a subset of the available rules through the
rules/1  declaration. The declaration is valid syntax in SWI-Prolog, but will have no effect.

A warning will be given during compilation.

Sourcefile naming
SICStus uses a two-step compiler, wheaglr files are first translated int@l files. For
SWI-Prolog CHR rules may be defined in a file with any extension.

7.7 Guidelines

In this section we cover several guidelines on how to use CHR to write constraint solvers and how to
do so efficiently.

e Set semantics

The CHR system allows the presence of identical constraints, i.e. multiple constraints with the
same functor, arity and arguments. For most constraint solvers, this is not desirable: it affects
efficiency and possibly termination. Hence appropriate simpagation rules should be added of
the form:

constraint\constraint <=> true

Multi-headed rules
Multi-headed rules are executed more efficiently when the constraints share one or more vari-
ables.
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SWiI-Prolog multithreading is based on standard C-language multithreading support. It is not like
ParLogor other paralel implementations of the Prolog language. Prolog threads have their own stacks
and only share the Proldgeap predicates, records, flags and other global non-backtrackable data.
SWI-Prolog thread support is designed with the following goals in mind.

e Multi-threaded server applications
Todays computing services often focus on (internet) server applications. Such applications of-
ten have need for communication between services and/or fast non-blocking service to multiple
concurrent clients. The shared heap provides fast communication and thread creation is rela-
tively cheapt

e Interactive applications
Interactive applications often need to perform extensive computation. If such computations are
executed in a new thread, the main thread can process events and allow the user to cancel the
ongoing computation. User interfaces can also use multiple threads, each thread dealing with
input from a distinct group of windows. See also section

o Natural integration with foreign code
Each Prolog thread runs in a native thread of the operating system, automatically making them
cooperate witiMT-safeforeign-code. In addition, any foreign thread can create its own Prolog
engine for dealing with calling Prolog from C-code.

r

SWI-Prolog multi-threading is based on the POSIX thread standani: J used on
most popular systems except for MS-Windows. On Windows it uses the pthread-win32 emulation of
POSIX threads mixed with the Windows native API for smoother and faster operation.

8.1 Creating and destroying Prolog threads

thread_create(Goal, -Id, +Optiong
Create a new Prolog thread (and underlying C-thread) and start it by exeQGuiag If the
thread is created succesfully, the thread-identifier of the created thread is unifie®jations
is a list of options. The currently defined options are below. Stack size options can also take
the valueinf or infinite , Which is mapped to the maximum stack size supported by the
platform.

local(K-Byte3
Set the limit to which the local stack of this thread may grow. If omited, the limit of the
calling thread is used. See also the commandline option.

10n an dual AMD-Athlon 1600, SWI-Prolog 5.1.0 creates and joins 4,957 threads per second elapsed time.
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global(K-Byteg
Set the limit to which the global stack of this thread may grow. If omited, the limit of the
calling thread is used. See also #& commandline option.

trail( K-Byteg
Set the limit to which the trail stack of this thread may grow. If omited, the limit of the
calling thread is used. See also tiie commandline option.

argument(K-Byteg
Set the limit to which the argument stack of this thread may grow. If omited, the limit of
the calling thread is used. See also tAecommandline option.

stack(K-Byte3
Set the limit to which the system stack of this thread may grow. The default, mimimum
and maximum values are system-dependant.

alias(AliasNameg
Associate an ‘alias-name’ with the thread. This named may be used to refer to the thread
and remains valid until the thread is joined (seeead _join/2 ).

detachedBool)
If false (default), the thread can be waited for usirthread _join/2
thread _join/2  must be called on this thread to reclaim the all resources associated
to the thread. Iftrue , the system will reclaim all associated resources automatically
after the thread finishes. Please note that thread identifiers are freed for reuse after a de-
tached thread finishes or a normal thread has been joined. Sdbrals® _join/2 and
thread _detach/1
If a detached thread dies due to failure or exception of the initial goal the thread prints a
message usingrint _message/2 . If such termination is considered normal the code
must be wrapped usirignore/l1  and/orcatch/3 to ensure successful completion.

The Goal argument iscopiedto the new Prolog engine. This implies further instantiation of
this term in either thread does not have consequences for the other thread: Prolog threads do
not share data from their stacks.

thread_self(-1d)
Get the Prolog thread identifier of the running thread. If the thread has an alias, the alias-name
is returned.

thread_join(+Id, -Statug
Wait for the termination of thread with giveld. Then unify the result-status of the thread
with Status After this call,Id becomes invalid and all resources associated with the thread are
reclaimed. Note that threads with the attribdietached (true) cannot be joined. See also
current _thread/2

A thread that has been completed withtlutead _join/2  being called on it is partly re-
claimed: the Prolog stacks are released and the C-thread is destroyed. A small data-structure
representing the exit-status of the thread is retained thmlad _join/2  is called on the
thread. Defined values f@tatusare:

true
The goal has been proven successfully.
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false
The goal has failed.

exception{Term
The thread is terminated on an exception. $eet _message/2 to turn system ex-
ceptions into readable messages.

exited(Term)
The thread is terminated dhread _exit/1  using the argumerifierm

thread_detach(+Id)
Switch thread into detached-state (sktached (Bool) option atthread _create/3 ) at
runtime. Id is the identifier of the thread placed in detached state. This may be the result of
PL_thread _self/1

One of the possible applications is to simplify debugging. Threads that are creatied as
tachedleave no traces if they crash. For not-detached threads the status can be inspected using
current _thread/2 . Threads nobody is waiting for may be created normally and detach
themselves just before completion. This way they leave no traces on normal completion and
their reason for failure can be inspected.

thread_exit(+Term)
Terminates the thread immediately, leavingxited (Term) as result-state for
thread _join/2 . If the thread has the attributdetached (true) it terminates, but its
exit status cannot be retrieved usithgead _join/2  making the value offermirrelevant.
The Prolog stacks and C-thread are reclaimed.

thread_at_exit(:Goal)
Run Goal just before releasing the thread resources. This is to be compaatdhalt/1
but only for the current thread. These hooks are ran regardless of why the execution of the
thread has been completed. As these hooks are run, the return-code is already available through
current _thread/2 using the result ofhread _self/l  as thread-identifier.

thread_setconcurrency{Old, +New)
Determine the concurrency of the process, which is defined as the maximum number of con-
currently active threads. ‘Active’ here means they are using CPU time. This option is provided
if the thread-implementation provides pthresetconcurrency(). Solaris is a typical example of
this family. On other systems this predicate unifidd to O (zero) and succeeds silently.

8.2 Monitoring threads

Normal multi-threaded applications should not need these the predicates from this section because
almost any usage of these predicates is unsafe. For example checking the existence of a thread before
signalling it is of no use as it may vanish between the two calls. Catching exceptionsatih(
is the only safe way to deal with thread-existence errors.

These predicates are provided for diagnosis and monitoring tasks. See also&éctiescribing
more high-level primitives.

current_thread(?ld, ?Statup
Enumerates identifiers and status of all currently known threads. Calling
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current _thread/2 does not influence any thread. See albead _join/2 . For
threads that have an alias-name, this name is returnédl imstead of the numerical thread
identifier. Statusis one of:

running
The thread is running. This is the initial status of a thread. Please note that threads waiting
for something are considered running too.

false
The Goal of the thread has been completed and failed.

true
The Goal of the thread has been completed and succeeded.

exited(Term)
The Goal of the thread has been terminated udimggad _exit/1  with Termas argu-
ment. If the underlying native thread has exited (using ptheeatq)) Termis unbound.

exception(Term)
The Goal of the thread has been terminated due to an uncaught exceptidhi@eél
andcatch/3 ).

thread_statistics(+Id, +Key, -Valug
Obtains statistical information on thre#dl as statistics/2 does in single-threaded ap-
plications. This call returns all keys statistics/2 , although only information statistics
about the stacks and CPU time yield different values for each thread.

mutex_statistics
Print usage statistics on internal mutexes and mutexes associated with dynamic predicates. For
each mutex two numbers are printed: the number of times the mutex was acquired and the num-
ber ofcollisions the number times the calling thread has to wait for the mutex. The collistion-
count is not available on Windows as this would break portability to Windows-95/98/ME or
significantly harm performance. Generally collision count is close to zero on single-CPU hard-
ware.

8.3 Thread communication

8.3.1 Message queues

Prolog threads can exchange data using dynamic predicates, database records, and other globally
shared data. These provide no suitable means to wait for data or a condition as they can only be
checked in an expensive polling loddessage queugsovide a means for threads to wait for data or
conditions without using the CPU.

Each thread has a message-queue attached to it that is identified by the thread. Additional queues
are created usingnessage _queue _create/2

thread_send messagetQueueOrThreadld, +Terin
PlaceTermin the given queue or default queue of the indicated thread (which can even be the

2Getting the CPU-time of a different thread is not supported on all platforms. For Microsoft, it does not work in
95/98/ME. For POSIX systems it requires times() to return values specific for the calling thread.
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message queue of itself (skwead _self/1 ). Anyterm can be placed in a message queue,
but note that the term is copied to the receiving thread and variable-bindings are thus lost. This
call returns immediately.

If more than one thread is waiting for messages on the given queue and at least one of these
is waiting with a partially instantiatedierm the waiting threads arall sent a wakeup signal,
starting a rush for the available messages in the queue. This behaviour can seriously harm
performance with many threads waiting on the same queue as all-but-the-winner perform a
useless scan of the queue. If there is only one waiting thread or all waiting threads wait with an
unbound variable an arbitrary thread is restarted to scan the dueue.

thread_get messagefTerm)
Examines the thread message-queue and if necessary blocks execution until a term that unifies
to Termarrives in the queue. After a term from the queue has been unified unifietrtpthe
term is deleted from the queue and this predicate returns.

Please note that not-unifying messages remain in the queue. After the following has been
executed, thread 1 has the telfgnu) in its queue and continues execution usiig gnat .

<thread 1>
thread _get_message(a(A)),

<thread 2>
thread_send_message(b(gnu)),
thread_send_message(a(gnat)),

See alsdhread _peek _message/l .

thread_peek messagefTerm)
Examines the thread message-queue and compares the queued terfiesmuittitil one unifies
or the end of the queue has been reached. In the first case the call succeeds (possibly instantiat-
ing Term If no term from the queue unifies this call fails.

messagequeue create(?Queug
If Queue is an atom, create a named queue. To avoid ambiguity of
thread _send _message/2 , the name of a queue may not be in use as a thread-name.
If Queueis unbound an anonymous queue is created@ueleis unified to its identifier.

messagequeuedestroy(+Queud
Destroy a message queue created wigssage _queue _create/l . Itis notallows to de-
stroy the queue of a thread. Neither is it allowed to destroy a queue other threads are waiting
for or, for anynymous message queues, may try to wait for fater.

thread_get messagefQueue, ?Term
Asthread _get _message/l , operating on a given queue. It is allowed (but not advised) to
get messages from the queue of other threads.

3See the documentation for the POSIX thread functions ptheead.signal() v.s. pthreadondbroadcastt() for back-
ground information.

4BUG: None of these constraints are properly enforced by the system in the current implementation. It is therefore
advised not to delete queues unless you are absolutely sure it is safe.
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thread_get messagefQueue, ?Term
Asthread _get _message/l , operating on a given queue. It is allowed to peek into another
thread’s message queue, an operation that can be used to check whether a thread has swallowed
a message sent to it.

Explicit message queues are designed witiwibeker-poolmodel in mind, where multiple threads
wait on a single queue and pick up the first goal to execute. Below is a simple implementation where
the workers execute arbitrary Prolog goals. Note that this example provides no means to tell when all
work is done. This must be realised using additional synchronisation.

% create_workers(+ld, +N)
%
% Create a pool with given Id and number of workers.

create_workers(ld, N) :-
message_queue_create(ld),
forall(between(l1, N, ),
thread_create(do_work(ld), _, [])).

do_work(ld) :-
repeat,
thread_get_message(ld, Goal),
(  catch(Goal, E, print_message(error, E))
-=>  true
; print_message(error, goal_failed(Goal, worker(ld)))
),
fail.
% work(+ld, +Goal)
%
% Post work to be done by the pool

work(ld, Goal) :-
thread_send_message(ld, Goal).

8.3.2 Signalling threads

These predicates provide a mechanism to make another thread execute some gdateasugh
Signalling threads is safe as these interrupts are only checked at safe points in the virtual machine.
Nevertheless, signalling in multi-threaded environments should be handled with care as the receiving
thread may hold anutex(see withmutex). Signalling probably only makes sense to start debugging
threads and to cancel no-longer-needed threadsthritiov/1 , where the receiving thread should be
designed carefully do handle exceptions at any point.

thread_signal(+Threadld, :Goa)
Make threadl'hreadldexecuteGoal at the first opportunity. In the current implementation, this
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implies at the first pass through tlall-port. The predicat¢hread _signal/2 itself places
Goalinto the signalled-thread’s signal queue and returns immediately.

Signals (interrupts) do not cooperate well with the world of multi-threading, mainly because
the status of mutexes cannot be guaranteed easily. At the call-port, the Prolog virtual machine
holds no locks and therefore the asynchronous execution is safe.

Goal can be any valid Prolog goal, includitigrow/1  to make the receiving thread generate
an exception anttace/0  to start tracing the receiving thread.

In the Windows version, the receiving thread immediately executes the signal if it reaches a
Windows GetMessage() call, which generally happens of the thread is waiting for (user-)input.

8.3.3 Threads and dynamic predicates

Besides queues (secti@n3.]) threads can share and exchange data using dynamic predicates. The
multi-threaded version knows about two types of dynamic predicates. By default, a predicate declared
dynamic(seedynamic/l ) is shared by all threads. Each thread may assert, retract and run the dy-
namic predicate. Synchronisation inside Prolog guarantees the consistency of the predicate. Updates
arelogical: visible clauses are not affected by assert/retract after a query started on the predicate. In
many cases primitive from secti@ should be used to ensure application invariants on the predicate
are maintained.

Besides shared predicates, dynamic predicates can be declared vitthed _local/l  di-
rective. Such predicates share their attributes, but the clause-list is different in each thread.

thread_local +Functor/+Arity, . ..
This directive is related to thdynamic/1 directive. It tells the system that the predicate may
be modified usingassert/l | retract/1 , etc. during execution of the program. Unlike
normal shared dynamic data however each thread has its own clause-list for the predicate. As
a thread starts, this clause list is empty. If there are still clauses as the thread terminates these
are automatically reclaimed by the system (see watdatile/1 ). The threadocal property
implies the properties dynamic and volatile.

Thread-local dynamic predicates are intended for maintaining thread-specific state or interme-
diate results of a computation.

It is not recommended to put clauses for a thread-local predicate into a file as in the example
below as the clause is only visible from the thread that loaded the source-file. All other threads
start with an empty clause-list.

.- thread_local
foo/1.

foo(gnat).

DISCLAIMER Whether or not this declaration is apropriate in the sense of the proper mech-
anism to reach the goal is still debated. If you have strong feeling in favour or against, please
share them in the SWI-Prolog mailing list.

SWI-Prolog 5.4 Reference Manual



178 CHAPTER 8. MULTI-THREADED APPLICATIONS

8.4 Thread synchronisation

All internal Prolog operations are thread-safe. This implies two Prolog threads can operate on the
same dynamic predicate without corrupting the consistency of the predicate. This section deals with
user-leveimutexegcalledmonitorsin ADA or critical-sectionsby Microsoft). A mutex is aMUT ual
EXclusive device, which implies at most one thread bald a mutex.

Mutexes are used to realise related updates to the Prolog database. With ‘related’, we refer to
the situation where a ‘transaction’ implies two or more changes to the Prolog database. For example,
we have a predicataddress/2 , representing the address of a person and we want to change the
address by retracting the old and asserting the new address. Between these two operations the database
is invalid: this person has either no address or two addresses, depending on the assert/retract order.

Here is how to realise a correct update:

- initialization
mutex_create(addressbook).

change_address(ld, Address) :-
mutex_lock(addressbook),
retractall(address(ld, )),
asserta(address(ld, Address)),
mutex_unlock(addressbook).

mutex_create(?MutexId
Create a mutex. iMutexIdis an atom, amamedmutex is created. If it is a variable, an anony-
mous mutex reference is returned. There is no limit to the number of mutexes that can be
created.

mutex_destroy(+MutexId)
Destroy a mutex. After this callMutexld becomes invalid and further references yield an
existence _error exception.

with _mutex(+Mutexld, :Goa)
ExecuteGoal while holdingMutexld If Goal leaves choicepointes, these are destroyed (as
in once/l ). The mutex is unlocked regardless of whetfral succeeds, fails or raises an
exception. An exception thrown bgoal is re-thrown after the mutex has been successfully
unlocked. See alsmutex _create/2 andcall _cleanup/3

Although described in the thread-section, this predicate is also available in the single-threaded
version, where it behaves simply asce/1 .

mutex_lock(+MutexId)
Lock the mutex. Prolog mutexes aexursivemutexes: they can be locked multiple times by
the same thread. Only after unlocking it as many times as it is locked, the mutex becomes
available for locking by other threads. If another thread has locked the mutex the calling thread
is suspended until to mutex is unlocked.

If Mutexldis an atom, and there is no current mutex with that name, the mutex is created
automatically usingnutex _create/l . This implies named mutexes need not be declared
explicitly.
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Please note that locking and unlocking mutexes should be paired carefully. Especially make
sure to unlock mutexes even if the protected code fails or raises an exception. For most common
cases uswith _mutex/2 , wich provides a safer way for handling prolog-level mutexes. The
predicatecall _cleanup/[2-3] is another way to guarantee that the mutex is unlocked
while retaining non-determinism.

mutex_trylock( +MutexId)
As mutex _lock/1 , but if the mutex is held by another thread, this predicates fails immedi-

ately.

mutex_unlock(+MutexId)
Unlock the mutex. This can only be called if the mutex is held by the calling thread. If this is
not the case, permission _error exception is raised.

mutex_unlock_all
Unlock all mutexes held by the current thread. This call is especially useful to handle thread-
termination usingbort/0  or exceptions. See alsbread _signal/2

current_mutex(?MutexId, ?Threadld, ?Count
Enumerates all existing mutexes. If the mutex is held by some thiémeadldis unified with
the identifier of te holding thread ar@buntwith the recursive count of the mutex. Otherwise,
Threadldis[] andCountis 0.

8.5 Thread-support library(threadutil)

This library defines a couple of useful predicates for demonstrating and debugging multi-threaded
applications. This library is certainly not complete.

threads
Lists all current threads and their status. In addition, all ‘zombie’ threads (finished threads that
are not detached, nor waited for) are joined to reclaim their resources.

interactor
Create a new console and run the Prolog toplevel in this new console. See also
attach _console/0 . In the Windows version a new interactor can also be created from

theRun/New thread menu.

attach_console
If the current thread has no console attached yet, attach one and redirect the user streams (input,
output, and error) to the new console window. On Unix systems the consolexieian
application. On Windows systems this requires the GUI verplaiin.exe  rather than the
console baseglcon.exe

This predicate has a couple of useful applications. One is to separate (debugging) 1/O of differ-
ent threads. Another is to start debugging a thread that is running in the background. If thread
10 is running, the following sequence starts the tracer on this thread:

?- thread_signal(10, (attach_console, trace)).
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8.6 Multi-threaded mixed C and Prolog applications

All foreign-code linked to the multi-threading version of SWI-Prolog should be thread-ss#a-(
trant) or guarded in Prolog usingith _mutex/2 from simultaneous access from multiple Prolog
threads. If you want to write mixed multi-threaded C and Prolog application you should first famil-
iarise yourself with writing multi-threaded applications in C (C++).

If you are using SWI-Prolog as an embedded engine in a multi-threaded application you can
access the Prolog engine from multiple threads by creatirgngmein each thread from which you
call Prolog. Without creating an engine, a thread can only use functions thmatt dge theterm _t
type (for exampldPL_new_atom() ).

The system supports two models. Sectiob.1describes the orginal one-to-one mapping. In this
schema a native thread attaches a Prolog thread if it needs to call Prolog and detaches is when finished,
as opposed to the model from sectti.2where threads temporary use a Prolog engine.

Please note that the interface below will only work if threading in your application is based
on the same thread-library as used to compile SWI-Prolog.

8.6.1 A Prolog thread for each native thread (one-to-one)

In the one-to-one model, the thread that calld.initialise() has a Prolog engine at-
tached. If another C-thread in the system wishes to call Prolog it must first attach an engine us-
ing PL_thread _attach _engine() and callPL_thread _destroy _engine() after all Prolog

work is finished. This model is especially suitable with long running threads that need to do Prolog
work regulary. See sectidh6.2for the alternative many-to-many model.

int PL_thread_self()
Returns the integer Prolog identifier of the engine or -1 if the calling thread has no Prolog
engine. This function is also provided in the single-threaded version of SWI-Prolog, where it
returns -2.

int PL _thread_attach_engingconst PLthread attr_t *attr)
Creates a new Prolog engine in the calling thread. If the calling thread already has an engine the
reference count of the engine is incremented. dtfreargument can bRULLto create a thread
with default attributes. Otherwise it is a pointer to a structure with the definition below. For
any field with value ‘0’, the default is used. Tleancel field may be filled with a pointer to
a function that is called wheRL _cleanup()  terminates the running Prolog engines. If this
function is not present or returALSE pthreadcancel() is used.

typedef struct

{ unsigned long local_size; [* Stack sizes (K-bytes) */
unsigned long global_size;
unsigned long trail_size;
unsigned long argument_size;
char * alias; [* alias name */
int (*cancel)(int thread);

} PL_thread_attr_t;

The structure may be destroyed afedr thread _attach _engine() has returned. On suc-
cess it returns the Prolog identifier for the thread (as returndelbghread _self() ). Ifan
error occurs, -1 is returned. If this Prolog is not compiled for multi-threading, -2 is returned.
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int PL_thread_destroy_enging)
Destroy the Prolog engine in the calling thread. Only takes ef-
fect if PL_thread _destroy _engine() is called as many times as
PL_thread _attach _engine() in this thread. Return§RUEon success an&ALSE
if the calling thread has no engine or this Prolog does not support threads.

Please note that construction and destruction of engines are relatively expensive operations.
Only destroy an engine if performance is not critical and memory is a critical resource.

int PL_thread_at_exit(void (*function)(void *), void *closure, int global
Register a handle to be called as the Prolog engine is destroyed. The handler function is called
with onevoid * argument holdinglosure If globalis TRUE the handler is installefbr all
threads Globally installed handlers are executed after the thread-local handlers. If the handler
is installed local for the current thread onlyigbal == FALSE) it is stored in the same FIFO
queue as used biiread _at _exit/1

8.6.2 Pooling Prolog engines (many-to-many)

In this model Prolog engines live as entities that are independent from threads. If a thread needs to
call Prolog it takes one of the engines from the pool and returns the engine when done. This model is
suitable in the following identified cases:

e Compatibility with the single-threaded version
In the single-threaded version, foreign threads must serialise access the the one and only thread
engine. Functions from this section allow sharing one engine among multiple threads.

e Many native threads with infrequent Prolog work
Prolog threads are expensive in terms of memory and time to create and destroy them. Systems
that use a large number of threads that only infrequently need to call Prolog are better take an
engine from a pool and return it there.

¢ Prolog status must be handed to another thread
This situation has been identified by Uwe Lesta when creating a .NET interface for SWI-Prolog.
.NET distributes work for active internet connection over a pool of threads. If a Prolog engine
contains state for a connection, it must be possible to detach the engine from a thread and
re-attach it to another thread handling the same connection.

PL_engine _t PL _create engingPL_threadattr_t *attributes)
Create a new Prolog enginattributesis described witHPL_thread _attach _engine()

Any thread can make this call aftet__initialise() returned success. The returned engine
is not attached to any thread and lives uRlil_destroy _engine() is used on the returned
handle.

In the single-threaded version this call always retidki L, indicating failure.

int PL _destroy_engingPL_enginet €)
Destroy the given engine. Destroying an engine is only allowed if the engine is not attached to
any thread or attached to the calling thread. On success this function réRIths on failure
the return value i§ALSE
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int PL_setengingPL_enginet engine, PLenginet *old)
Make the calling thread ready to usegine If old is nonNULL the current engine associated
with the calling thread is stored at the given locationenfjineequalsPL_ENGINEMAIN the
initial engine is attached to the calling threadeiffgineis PL_LENGINECURRENThe engine is
not changed. This can be used to query the current engine. This call rEtuBESGINESET
if the engine was switched successfulRl,_ ENGINEINVAL if engineis not a valid engine
handle andPL_ENGINEINUSE if the engine is currently in use by another thread.

Engines can be changed at any time. For example, it is allowed to select an engine to initiate a

Prolog goal, detach it and at a later moment execute the goal from another thread. Note however

that theterm _t, gid -t andfid _t types are interpreted relative to the engine for which they

are created. Behaviour when passing one of these types from one engine to another is undefined.

In the single-threaded version this call only succeeésndfinerefers to the main engine.

Engines in single-threaded SWI-Prolog

In theory it is possible to port the API of secti@6.2to the single-threaded version of SWI-Prolog.
This allows C-programs to control multiple Prolog engines concurrently. This has not yet been re-
alised.

8.7 Multithreading and the XPCE graphics system

GUI applications written in XPCE can benefit from the multi-threaded version of XPCE/SWI-Prolog
if they need to do expensive computations that block to Ul in the single-threaded version.

Due to various technical problems on both Windows and Unix/X11 threading is best exploited by
handing long computations to their own thread.

The XPCE message passing system is guarded with a simgiex which synchronises both
access from Prolog and activation through the GUI. In MS-Windows, GUI events are processed by the
thread that created the window in which the event occurred, whereas in Unix/X11 they are processed
by the thread that dispatches messages.

Some tentative work is underway to improve the integration between XPCE and multi-threaded
SWiI-Prolog.

pce dispatch(+Options
Create a Prolog thread with the alias-ngpoe for XPCE event-handling. In the X11 version
this call creates a thread that executes the X11 event-dispatch loop. In MS-Windows it creates
a thread that executes a windows event-dispatch loop. The XPCE event-handling thread has the
aliaspce . Optionsspecifies the thread-attributestasead _create/3

pcecall(:Goal)
PostGoal to the pce thread, executing it synchronous with the thread’s event-loop. The
pce _call/l predicate returns immediately without waiting. Note t@atal is copiedto the
pce thread.

For further information about XPCE in threaded applications, please visit
http://gollem.swi.psy.uva.nl/twiki/pl/bin/view/Development/MultiThreadsXPCE
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SWI-Prolog offers a powerful interface to €¢ 1 The main design objectives
of the foreign language interface are flexibility and performance. A foreign predicate is a C-function
that has the same number of arguments as the predicate represented. C-functions are provided to
analyse the passed terms, convert them to basic C-types as well as to instantiate arguments using
unification. Non-deterministic foreign predicates are supported, providing the foreign function with a
handle to control backtracking.

C can call Prolog predicates, providing both an query interface and an interface to extract multiple
solutions from an non-deterministic Prolog predicate. There is no limit to the nesting of Prolog calling
C, calling Prolog, etc. Itis also possible to write the ‘main’ in C and use Prolog as an embedded logical
engine.

9.1 Overview of the Interface

A special include file calle@WI-Prolog.h  should be included with each C-source file that is to be
loaded via the foreign interface. The installation process installs this file in the diréottuge  in

the SWI-Prolog home directorw{ current _prolog _flag(home, Home). ). This C-header

file defines various data types, macros and functions that can be used to communicate with SWI-
Prolog. Functions and macros can be divided into the following categories:

e Analysing Prolog terms

e Constructing new terms

e Unifying terms

e Returning control information to Prolog

e Reqgistering foreign predicates with Prolog
e Calling Prolog from C

e Recorded database interactions

e Global actions on Prolog (halt, break, abort, etc.)

9.2 Linking Foreign Modules
Foreign modules may be linked to Prolog in two ways. Ustagic linking the extensions, a (short)

file defining main() which attaches the extensions calls Prolog and the SWI-Prolog kernel distributed
as a C-library are linked together to form a new executable. Udymgamic linking the extensions
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are linked to a shared librarysp file on most Unix systems) or dynamic-link libraryp_LL file on
Microsoft platforms) and loaded into the the running Prolog protess.

9.2.1 What linking is provided?

The static linking schema can be used on all versions of SWI-Prolog. Whether or not dy-
namic linking is supported can be deduced from the prolog-fipgn _shared _object (see
current _prolog _flag/2 ). If this prolog-flag yields trueppen _shared _object/2  and re-
lated predicates are defined. See seddidrior a suitable high-level interface to these predicates.

9.2.2 What kind of loading should I be using?

All described approaches have their advantages and disadvantages. Static linking is portable and
allows for debugging on all platforms. It is relatively cumbersome and the libraries you need to
pass to the linker may vary from system to system, though the utility progtlin described in
section9.7 often hides these problems from the user.

Loading shared objects (DLL files on Windows) provides sharing and protection and is
generally the best choice. If a saved-state is created ugsaye _program/[1,2] , an
initialization/1 directive may be used to load the appropriate library at startup.

Note that the definition of the foreign predicates is the same, regardless of the linking type used.

9.3 Dynamic Linking of shared libraries

The interface defined in this section allows the user to load shared libramtesfifes on most Unix
systems,dll  files on Windows). This interface is portable to Windows as well as to Unix machines
providingdlopen( 2) (Solaris, Linux, FreeBSD, Irix and many more)sitl _open( 2) (HP/UX).

It is advised to use the predicates from sectiohin your application.

openshared.object(+File, -Handle)
File is the name of a shared object file (called dynamic load library in MS-Windows).
This file is attached to the current process addndle is unified with a handle to
the library. Equivalent toopen _shared _object(File, [], Handle) . See also
load _foreign _library/[1,2]

On errors, an exceptioghared _object (Action, Messageis raised. Messagds the return
value fromdlerror()

openshared.object(+File, -Handle, +Optiong
Asopen _shared _object/2 , but allows for additional flags to be pass€ptionsis a list of
atoms.now implies the symbols are resolved immediately rather than lazy (defgldt)al
implies symbols of the loaded object are visible while loading other shared objects (by default
they are local). Note that these flags may not be supported by your operating system. Check
the documentation of dlopen() or equivalent on your operating system. Unsupported flags are
silently ignored.

1The system also contains code to laadfiles directly for some operating systems, notably Unix systems using the
BSDa.out executable format. As the number of Unix platforms supporting this gets quickly smaller and this interface is
difficult to port and slow, it is no longer described in this manual. The best alternatively would be to use the dld package on
machines do not have shared libraries
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closeshared object(+Handle)
Detach the shared object identified lHgndle

call_shared object function(+Handle, +Function
Call the named function in the loaded shared library. The function is called without arguments
and the return-value is ignored. Normally this function installs foreign language predicates
using calls taPL _register  _foreign()

9.4 Using the library shlib for .DLL and.so files

This section discusses the functionality of the (autoload) libshhp.pl  , providing an interface to
shared libraries. This library can only be used if the prolog-fipgn _shared _object is enabled.

load_foreign_library( +Lib, +Entry)
Search for the given foreign library and link it to the current SWI-Prolog instance. The library
may be specified with or without the extension. Fiaktsolute _file _name/3 is used to lo-
cate the file. If this succeeds, the full path is passed to the low-level function to open the library.
Otherwise, the plain library name is passed, exploiting the operating-system defined search
mechanism for the shared library. Tfile _search _path/2 alias mechanism defines the
aliasforeign , which refers to the directorigplhome/lib/  (arch) and(plhome/lib | in
this order.

If the library can be loaded, the function calledtry will be called without arguments. The
return value of the function is ignored.

TheEntry function will normally callPL_register  _foreign() to declare functions in the
library as foreign predicates.

load_foreign_library( +Lib)

Equivalent tdoad _foreign _library/2 . For the entry-point, this function first identifies
the ‘base-name’ of the library, which is defined to be the file-name with path nor extension.
It will then try the entry-pointinstall- (base. On failure it will try to function install().

Otherwise no install function will be called.

unload_foreign_library( +Lib)
If the foreign library defines the function uninstdbiase() or uninstall(), this function will be
called without arguments and its return value is ignored. Nabalish/2  is used to remove
all known foreign predicates defined in the library. Finally the library itself is detached from
the process.

current _foreign_library( -Lib, -Predicate¥
Query the currently loaded foreign libraries and their predicate$redicatesis a
list with elements of the formModule:Head indicating the predicates installed with
PL_register  _foreign() when the entry-point of the library was called.

Figure9.1 connects a Windows message-box using a foreign function. This example was tested
using Windows NT and Microsoft Visual C++ 2.0.
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#include <windows.h>
#include <SWI-Prolog.h>

static foreign_t
pl_say hello(term_t to)
{ char *a;

if ( PL_get _atom_chars(to, &a) )
{ MessageBox(NULL, a, "DLL test", MB_OK|MB_TASKMODAL);

PL_succeed;

}

PL_fail;
}

install_t

install()

{ PL_register_foreign("say_hello", 1, pl_say_hello, 0);
}

Figure 9.1: MessageBox() example in Windows NT

9.4.1 Static Linking

Below is an outline of the files structure required for statically linking SWI-Prolog with foreign ex-
tensions\dots/pl refers to the SWI-Prolog home directory (segrent _prolog _flag/2 ).
(arch) refers to the architecture identifier that may be obtained usingent _prolog _flag/2

.../pl/runtime/ (arch)/libpl.a SWI-Library
\Idots/pl/include/SWI-Prolog.h Include file
\Idots/pl/include/SWI-Stream.h Stream 1/O include file
\Idots/pl/include/SWI-Exports Export declarations (AIX only)
\Idots/pl/include/stub.c Extension stub

The definition of the foreign predicates is the same as for dynamic linking. Unlike with dynamic
linking however, there is no initialisation function. Instead, the\fdets/pl/include/stub.
¢ may be copied to your project and modified to define the foreign extensions. Below is stub.c,
modified to link the lowercase example described later in this chapter:

#include <stdio.h>
#include <SWiI-Prolog.h>

extern foreign_t pl_lowercase(term, term);

PL_extension predicates[] =

{
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[*{ "name", arity,  function, PL_FA <flags> },*/

{ "lowercase", 2 pl_lowercase, 0 },

{ NULL, 0, NULL, 0} /* terminating line */
%
int

main(int argc, char **argv)
{ PL_reqister_extensions(predicates);

if ( 'PL_initialise(argc, argv) )
PL_halt(1);

PL_install_readline(); [* delete if not required */

PL_halt(PL_toplevel() ? 0 : 1);
}

Now, a new executable may be created by compiling this file and linkinglibpb.a from the
runtime directory and the libraries required by both the extensions and the SWI-Prolog kernel. This
may be done by hand, or using thd utility described in secrefplid. If the linking is preformed

‘by hand’, the commandline optiodump-runtime-variables (see sectior?.4) can be used

to obtain the required paths, libraries and linking options to link the new executable.

9.5 Interface Data types

9.5.1 Typeterm _t: areference to a Prolog term

The principal data-type ierm _t . Typeterm _t is what Quintus callQPterm _ref . This name
indicates better what the type represents: it iadlefor a term rather than the term itself. Terms

can only be represented and manipulated using this type, as this is the only safe way to ensure the
Prolog kernel is aware of all terms referenced by foreign code and thus allows the kernel to perform
garbage-collection and/or stack-shifts while foreign code is active, for example during a callback from
C.

A term reference is a C unsigned long, representing the offset of a variable on the
Prolog environment-stack. A foreign function is passed term references for the predicate-
arguments, one for each argument. If references for intermediate results are needed,
such references may be created usiR§_new_term _ref() or PL_new_term _refs()

These references normally live till the foreign function returns control back to Pro-
log. Their scope can be explicitly limited usindg’L_open foreign _frame() and
PL_close _foreign _frame() /PL_discard _foreign _frame()

A term_t always refers to a valid Prolog term (variable, atom, integer, float or compound term). A
term lives either until backtracking takes us back to a point before the term was created, the garbage
collector has collected the term or the term was created afdr epen _foreign _frame() and
PL_discard _foreign _frame() has been called.

SWI-Prolog 5.4 Reference Manual



188 CHAPTER 9. FOREIGN LANGUAGE INTERFACE

The foreign-interface functions can eitherad, unify or write to term-references. In the this
document we use the following notation for arguments of type term

term t +t  Accessed in read-mode. The ‘+' indicates the argument is
‘input’.

term _t -t Accessed in write-mode.

term t ?t  Accessed in unify-mode.

Term references are obtained in any of the following ways.

e Passed as argument
The C-functions implementing foreign predicates are passed their arguments as term-references.
These references may be read or unified. Writing to these variables causes undefined behaviour.

e Created byPL_new_term _ref()
A term created byPL_new_term _ref() is normally used to build temporary terms or be
written by one of the interface functions. For examfe, get _arg() writes a reference to
the term-argument in its last argument.

e Created byPL_new_term _refs( intn)
This function returns a set of term refs with the same characteristies_agw_term _ref()
SeePL _open _query()

e Created byPL_copy _term _ref( term.tt)
Creates a new term-reference to the same term as the argument. The term may be written to.
See figure.3.

Term-references can safely be copied to other C-variables of type téunall copies will always
refer to the same term.

term _t PL_new_term_ref()
Return a fresh reference to a term. The reference is allocated doctdestack. Allocating a
term-reference may trigger a stack-shift on machines that cannot use sparse-memory manage-
ment for allocation the Prolog stacks. The returned reference describes a variable.

term _t PL_new._term_refs(int n)
Returnn new term references. The first term-reference is returned. The othedrs-dre + 2,
etc. There are two reasons for using this functidh.open _query() expects the arguments
as a set of consecutive term references\arg time-critical code requiring a number of term-
references can be written as:

pl_mypredicate(term_t a0, term_t al)
{ term_t t0 = PL_new_term_refs(2);
term_t t1 = tO+1;
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term _t PL_copy._term_ref(term.t from)
Create a new term reference and make it point initially to the same tefromasThis function
is commonly used to copy a predicate argument to a term reference that may be written.

void PL _resetterm _refs(term.t after)
Destroy all term references that have been created @ty includingafter itself. Any refer-
ence to the invalidated term references after this call results in undefined behaviour.

Note that returning from the foreign context to Prolog will reclaim all references used in the
foreign context. This call is only necessary if references are created inside a loop that never exits
back to Prolog. See aldeL_open foreign _frame() , PL_close _foreign _frame()

andPL _discard _foreign _frame()

Interaction with the garbage collector and stack-shifter

Prolog implements two mechanisms for avoiding stack overflow: garbage collection and stack ex-
pansion. On machines that allow for it, Prolog will use virtual memory management to detect stack
overflow and expand the runtime stacks. On other machines Prolog will reallocate the stacks and up-
date all pointers to them. To do so, Prolog needs to know which data is referenced by C-code. As all
Prolog data known by C is referenced through term refererieas (_t ), Prolog has all information
necessary to perform its memory management without special precautions from the C-programmer.

9.5.2 Other foreign interface types

atom_t An atom in Prologs internal representation. Atoms are pointers to an opaque structure. They
are a unique representation for represented text, which implies that4atepresents the same
text as atonB if-and-only-if A and B are the same pointer.

Atoms are the central representation for textual constants in Prolog The transformation of C a
character string to an atom implies a hash-table lookup. If the same atom is needed often, it is
advised to store its reference in a global variable to avoid repeated lookup.

functor _t A functor is the internal representation of a name/arity pair. They are used to find the name
and arity of a compound term as well as to construct new compound terms. Like atoms they
live for the whole Prolog session and are unique.

predicate.t Handle to a Prolog predicate. Predicate handles live forever (although they can loose
their definition).

gid_t Query Identifier. Used blL_open _query() /PL_next _solution() /PL_close _query()
to handle backtracking from C.

fid_t Frame Identifier. Used blyL_open _foreign _frame() /PL_close _foreign _frame()

module_t A module is a unique handle to a Prolog module. Modules are used only to call predicates
in a specific module.

foreign_t Return type for a C-function implementing a Prolog predicate.

control_t Passed as additional argument to non-deterministic foreign functions. Sesri?i() and
PL _foreign.context*().
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install_t Type for the install() and uninstall() functions of shared or dynamic link libraries. See se-
crefshlib.

9.6 The Foreign Include File

9.6.1 Argument Passing and Control

If Prolog encounters a foreign predicate at run time it will call a function specified in the predicate
definition of the foreign predicate. The argumehts. ., (arity) pass the Prolog arguments to the goal
as Prolog terms. Foreign functions should be declared of figyegn _t . Deterministic foreign
functions have two alternatives to return control back to Prolog:

(return) foreignt PL_succeed()
Succeed deterministically. Péucceed is defined asturn TRUE .

(return) foreignt PL _fail()
Fail and start Prolog backtracking. Rail is defined ageturn FALSE

Non-deterministic Foreign Predicates

By default foreign predicates are deterministic. Using theFA NONDETERMINISTICattribute
(seePL_register  _foreign() ) itis possible to register a predicate as a non-deterministic predi-
cate. Writing non-deterministic foreign predicates is slightly more complicated as the foreign function
needs context information for generating the next solution. Note that the same foreign function should
be prepared to be simultaneously active in more than one goal. Suppose the matolakbelow.n/2

is a non-deterministic foreign predicate, backtracking over all natural numbers lower than the first ar-
gument. Now consider the following predicate:

quotient_below_n(Q, N) :-
natural_number_below_n(N, N1),
natural_number_below_n(N, N2),
Q == N1/ N2, L

In this predicate the function naturabmberbelow n/2 simultaneously generates solutions for both
its invocations.
Non-deterministic foreign functions should be prepared to handle three different calls from Prolog:

e Initial call (PL_LFIRST _CALL)
Prolog has just created a frame for the foreign function and asks it to produce the first answer.

e Redo call PL.REDQ
The previous invocation of the foreign function associated with the current goal indicated it was
possible to backtrack. The foreign function should produce the next solution.

e Terminate call PL.CUTTED
The choice point left by the foreign function has been destroyed by a cut. The foreign function
is given the opportunity to clean the environment.
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Both the context information and the type of call is provided by an argument of type
control _t appended to the argument list for deterministic foreign functions. The macro
PL_foreign _control() extracts the type of call from the control argument. The foreign func-
tion can pass a context handle using Bieretry*() macros and extract the handle from the extra
argument using thBL foreign _context*() macro.

(return) foreignt PL _retry(long)
The foreign function succeeds while leaving a choice point. On backtracking over this goal
the foreign function will be called again, but the control argument now indicates it is a ‘Redo’
call and the macréL _foreign _context() returns the handle passed W& _retry()
This handle is a 30 bits signed value (two bits are used for status indication). Defined as
return  _PL_retry( n). See alsd’L_succeed()

(return) foreignt PL _retry _addressgoid *)
As PL_retry() , but ensures an address as returned by malloc() is correctly recovered by
PL_foreign _context _address() . Defined asreturn _PL_retry _address( n).
See alsd’L_succeed()

int PL _foreign_control(controlt)
Extracts the type of call from the control argument. The return values are described above. Note
that the function should be prepared to handleRheCUTTEDcase and should be aware that
the other arguments are not valid in this case.

long PL _foreign_context(controLt)
Extracts the context from the context argument. In the call typ&iFIRST _CALL the context
value is OL. Otherwise it is the value returned by the Ristretry() ~ associated with this goal
(both if the call type iPL_REDCasPL_CUTTED.

void * PL _foreign_context addressgontrol t)
Extracts an address as passed ifPhyretry _address()

Note: If a non-deterministic foreign function returns using ficceed or Plfail, Prolog assumes
the foreign function has cleaned its environmeND call with control argumenPL_CUTTEDwill
follow.

The code of figur®.2 shows a skeleton for a non-deterministic foreign predicate definition.

9.6.2 Atoms and functors

The following functions provide for communication using atoms and functors.

atom _t PL_new_atom(const char %
Return an atom handle for the given C-string. This function always succeeds. The returned
handle is valid as long as the atom is referenced (see seéCt0i).

const char* PL_atom_chars(atomt atom)
Return a C-string for the text represented by the given atom. The returned text will not be
changed by Prolog. It is not allowed to modify the contents, not even ‘temporary’ as the string
may reside in read-only memory. The returned string becomes invalid if the atom is garbage-
collected (see sectioh6.2. Foreign functions that require the text from an atom passed in a
term _t normally usePL_get _atom _chars() or PL_get _atom _nchars()
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typedef struct /* define a context structure */

{..

} context;

foreign_t
my_function(term_t a0, term_t al, control_t handle)
{ struct context * ctxt;

switch( PL_foreign_control(handle) )
{ case PL_FIRST_CALL:
ctxt = malloc(sizeof(struct context));

PL_retry address(ctxt);
case PL_REDO:
ctxt = PL_foreign_context_address(handle);

PL_retry_address(ctxt);
case PL_CUTTED:
ctxt = PL_foreign_context_address(handle);

free(ctxt);
PL_succeed;

Figure 9.2: Skeleton for non-deterministic foreign functions
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functor _t PL_new_functor(atomt name, int arity
Returns dunctor identifier a handle for the namef/arity pair. The returned handle is valid for
the entire Prolog session.

atom _t PL _functor _name(functort f)
Return an atom representing the name of the given functor.

int PL_functor _arity (functor.t f)
Return the arity of the given functor.

Atoms and atom-garbage collection

With the introduction of atom-garbage collection in version 3.3.0, atoms no longer live as long as the
process. Instead, their lifetime is guaranteed only as long as they are referenced. In the single-threaded
version, atom garbage collections are only invoked at#ileport. In the multi-threaded version (see
section8, they appear asynchronously, except for the invoking thread.

For dealing with atom garbage collection, two additional functions are provided:

void PL _register_atom(atomt aton)
Increment the reference count of the atom by oRe.new_atom() performs this automati-
cally, returning an atom with a reference count of at least’one.

void PL_unregister_atom(atomt atom)
Decrement the reference count of the atom. If the reference-count drops below zero, an assertion
error is raised.

Please note that the following two calls are different with respect to atom garbage collection:

PL_unify_atom_chars(t, "text");
PL_unify_atom(t, PL_new_atom("text"));

The latter increments the reference count of the atxh , which effectively ensures the atom will
never be collected. It is advised to use thettars() or *nchars() functions whenever applicable.

9.6.3 Analysing Terms via the Foreign Interface

Each argument of a foreign function (except for the control argument) is oftéype _t , an opaque

handle to a Prolog term. Three groups of functions are available for the analysis of terms. The first
just validates the type, like the Prolog predicatag/l , atom/1 , etc and are calleBL_is _*() .

The second group attempts to translate the argument into a C primitive type. These predicates take a
term _t and a pointer to the appropriate C-type and reftRUEor FALSE depending on successful

or unsuccessful translation. If the translation fails, the pointed-to data is never modified.

2Otherwise asynchronous atom garbage collection might destroy the atom before it is used.
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Testing the type of a term

int  PL_term_type(termpt)
Obtain the type of a term, which should be a term returned by one of the other interface pred-
icates or passed as an argument. The function returns the type of the Prolog term. The type
identifiers are listed below. Note that the extraction functiBhsge t*()  also validate the
type and thus the two sections below are equivalent.

if ( PL_is_atom(t) )
{ char *s;

PL_get_atom_chars(t, &s);

}
or
char *s;
if ( PL_get atom_chars(t, &s) )
{ ..
}
PL_VARIABLE An unbound variable. The value of term as such is a
unique identifier for the variable.
PL_.ATOM A Prolog atom.
PL_.STRING A Prolog string.
PL_INTEGER A Prolog integer.
PL_FLOAT A Prolog floating point number.
PL_.TERM A compound term. Note that a list is a compound term
g2 .
The functions Pls._(type are an alternative toPL _term _type() . The test

PL.is _variable( term) is equivalent to PL_term _type( term) == PL VARIABLE, but

the first is considerably faster. On the other hand, using a switchRivéerm _type() s faster

and more readable then using an if-then-else using the functions below. All these functions return
eitherTRUEor FALSE

int PL_is_variable(term.t)
Returns non-zero ifermis a variable.

int PL_is_ground(term.t)
Returns non-zero iiermis a ground term. See algpound/1 . This function is cycle-safe.

int PL_is.atom(term.t)
Returns non-zero iermis an atom.

int  PL_is_string(term.t)
Returns non-zero ilermis a string.
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int PL_is_integer(term.t)
Returns non-zero iiermis an integer.

int PL_is_float(term.t)
Returns non-zero ifermis a float.

int PL_is.compoundtermt)
Returns non-zero ifermis a compound term.

int PL_is_functor (term.t, functort)
Returns non-zero ifermis compound and its functor fnctor. This test is equivalent to
PL_get _functor() , followed by testing the functor, but easier to write and faster.

int PL_is_list(term.t)
Returns non-zero ifermis a compound term with functor ./2 or the atgm.

int PL_is_atomic(term.t)
Returns non-zero iflermis atomic (not variable or compound).

int PL_is_.number(term.t)
Returns non-zero tiermis an integer or float.

Reading data from a term

The functionsPL_get *() read information from a Prolog term. Most of them take two arguments.
The first is the input term and the second is a pointer to the output value or a term-reference.

int PL_getatom(term.t +t, atom.t *a)
If tis an atom, store the unique atom identifier oser See alsdPL_atom chars() and
PL_new_atom() . If there is no need to access the data (characters) of an atom, it is ad-
vised to manipulate atoms using their handle. As the atom is referenceditowill live
at least as long asdoes. If longer live-time is required, the atom should be locked using
PL_register _atom() .

int PL_getatom_chars(term.t +t, char **s)
If tis an atom, store a pointer to a O-terminated C-string. ittt is explicitly not allowed to
modify the contents of this string. Some built-in atoms may have the string allocated in read-
only memory, so ‘temporary manipulation’ can cause an error.

int PL_getstring_chars(term.t +t, char **s, int *len)
If tis a string object, store a pointer to a O-terminated C-strirgyaind the length of the string
in len. Note that this pointer is invalidated by backtracking, garbage-collection and stack-shifts,
so generally the only save operations are to pass it immediately to a C-function that doesn't
involve Prolog.

int PL_getchars(term.t +t, char **s, unsigned flags
Convert the argument tertrto a O-terminated C-strindlagsis a bitwise disjunction from two
groups of constants. The first specifies which term-types should converted and the second how
the argument is stored. Below is a specification of these constBbE.RING implies, if the
data is not static (as from an atom), the data is copied to the next buffer from a ring of 16 buffers.
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int

int

int

int

int

int

This is a convenient way of converting multiple arguments passed to a foreign predicate to C-
strings. If BUEMALLOC is used, the data must be freed uskig free()  when not needed
any longer.

CVTATOM Convert if term is an atom

CVTSTRING Convert if term is a string

CVTLIST Convert if term is a list of integers between 1 and 255
CVTINTEGER Convert if term is an integer (usirt$d

CVTFLOAT Convert if term is a float (usingpf)

CVT.NUMBER Convert if term is a integer or float

CVTATOMIC Convert if term is atomic

CVT.VARIABLE Convert variable to print-name

CVT.WRITE Convert any term that is not converted by any of the

other flags usingvrite/l . If no BUF* is provided,
BUFRING s implied.

CVTALL Convert if term is any of the above, except for
CVT.VARIABLE andCVT.WRITE

BUF.DISCARDABLE Data must copied immediately

BUFRING Data is stored in a ring of buffers

BUFEMALLOC Data is copied to a new buffer returned by

PL_.malloc( 3). When no longer needed the user
must callPL_free()  on the data.

PL_getlist_chars(+term_t |, char **s, unsigned flags
Same asPL_get chars( |, s, CVT.LIST—lagy , providedflags contains no of theCVT*
flags.

PL_getinteger(+term_tt, int *i)
If tis a Prolog integer, assign its value over On 32-bit machines, this is the same as
PL_get _long() , butavoids a warning from the compiler. See d4aget _long()

PL _getlong(termt +t, long *i)
If tis a Prolog integer, assign its value overNote that Prolog integers have limited value-
range. Iftis a floating point number that can be represented as a long, this function succeeds as
well.

PL_getbool(termt +t, int *val)
If t has the valugrue orfalse , setvalto the C constanfRUEor FALSEand return success.
otherwise return failure.

PL _get pointer(term.t +t, void **ptr)

In the current system, pointers are represented by Prolog integers, but need some manip-
ulation to make sure they do not get truncated due to the limited Prolog integer range.
PL_put _pointer() /PL_get _pointer() guarantees pointers in the range of malloc() are
handled without truncating.

PL _get float(term.t +t, double *)
If tis a float or integer, its value is assigned ofver
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int PL_getfunctor(term.t +t, functor_t *f)
If tis compound or an atom, the Prolog representation of the name-arity pair will be assigned
overf. See alsd’L_get _name_arity() andPL_is _functor()
int PL_getname.arity (term.t +t, atom.t *name, int *arity)
If tis compound or an atom, the functor-name will be assigned masreand the arity over
arity. See alsd’L_get _functor() andPL_is _functor()
int PL_getmodule(termct +t, modulet *modulg
If tis an atom, the system will lookup or create the corresponding module and assign an opaque
pointer to it ovemmodule.
int PL_getarg(intindex, termt +t, term.t -a)
If tis compound and index is between 1 and arity (including), assigith a term-reference to
the argument.
int _PL_getarg(int index, termt +t, term.t -a)

Same a$’L_get _arg() , but no checking is performed, nor whethas actually a term, nor
whetherindexis a valid argument-index.

Exchanging text using length and string

All internal text-representation of SWI-Prolog is represented ushey * plus length and allow

for O-bytesin them. The foreign library supports this by implementing achars() function for each
applicable *chars() function. Below we briefly present the signatures of these functions. For full
documentation consult the¢hars() function.

int

int

int

int

int

int

int

int

PL _getatom_nchars(term.t t, unsigned int *len, char **¥
SeePL_get _atom _chars()

PL_getlist_nchars(term.t t, unsigned int *len, char **¥
SeePL _get list _chars()

PL_getnchars(term.t t, unsigned int *len, char **s, unsigned int flags
SeePL_get _chars()

PL _put_atom_nchars(termt t, unsigned int len, const char)s
SeePL_put _atom _chars()

PL _put_string_nchars(term.t t, unsigned int len, const char)s
SeePL _put _string _chars()

PL_put_list_ncodegterm.t t, unsigned int len, const char s
SeePL _put list _codes()

PL _put_list_nchars(term.t t, unsigned int len, const char }s
SeePL _put _list _chars()

PL _unify _atom_nchars(term.t t, unsigned int len, const char}s
SeePL_unify _atom _chars()
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int  PL_unify _string_nchars(term.t t, unsigned int len, const char s
SeePL_unify _string _chars()

int PL_unify _list_ncodegtermt, unsigned int len, const char }'s
SeePL_unify _codes()

int PL_unify _list_nchars(term.t t, unsigned int len, const char }s
SeePL_unify _list _chars()

In addition, the following functions are available for creating and inspecting atoms:

atom _t PL_new_atom_nchars(unsigned int len, const char }s
Create a new atom #&__new_atom() , but from length and characters.

const char * PL_atom_nchars(atomt a, unsigned int *lej
Extract text and length of an atom.
Reading a list

The functions from this section are intended to read a Prolog list from C. Suppose we expect a list of
atoms, the following code will print the atoms, each on a line:

foreign_t

pl_write_atoms(term_t )

{ term_t head = PL_new_term_ref(); /* variable for the elements */
term_t list = PL_copy_term_ref(l); /* copy as we need to write */

while( PL_get _list(list, head, list) )
{ char *s;

if ( PL_get atom_chars(head, &s) )
Sprintf("%s\n", s);
else
PL_fail;
}

return PL_get nil(list); /* test end for [] */
}

int PL_getlist(term.t +l, term_t -h, termt -t)
If lis alistand nof] assign a term-reference to the headh tind to the tail td.

int PL_getheadtermt +l, term_t -h)
If | is alistand nof] assign a term-reference to the heati.to

int PL_gettail (termt +l, term_t -t)
If lis alistand nof] assign a term-reference to the taikto

int PL_getnil(term.t +l)
Succeeds if represents the atfm
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An example: definingwrite/1  inC

Figure9.3 shows a simplified definition ofrite/1  to illustrate the described functions. This sim-
plified version does not deal with operators. It is caliisplay/1 , because it mimics closely the
behaviour of this Edinburgh predicate.

9.6.4 Constructing Terms

Terms can be constructed using functions fromRheput *() andPL_cons *() families. This
approach builds the term ‘inside-out’, starting at the leaves and subsequently creating compound
terms. Alternatively, terms may be created ‘top-down’, first creating a compound holding only vari-
ables and subsequently unifying the arguments. This section discusses functions for the first approach.
This approach is generally used for creating argumentBifocall()  and PLopenquery.

void PL _put_variable(termct -t)
Put a fresh variable in the term. The new variable lives on the global stack. Note that the initial
variable lives on the local stack and is lost after a write to the term-references. After using this
function, the variable will continue to live.

void PL_put_atom(termt -t, atomt a)
Put an atom in the term reference from a handle. See Blkmew_atom() and
PL_atom _chars()

void PL_put_atom_chars(term.t -t, const char *chary
Put an atom in the term-reference constructed from the O-terminated string. The string itself
will never be references by Prolog after this function.

void PL _put_string_chars(termt -t, const char *chary
Put a zero-terminated string in the term-reference. The data will be copied. See also
PL_put _string _nchars()

void PL _put_string_nchars(termt -t, unsigned int len, const char *chars

Put a string, represented by a length/start pointer pair in the term-reference. The data will be
copied. This interface can deal with 0-bytes in the string. See also s&cfidr

void PL _put_list_chars(termt -t, const char *chark
Put a list of ASCII values in the term-reference.

void PL _put_integer(termct -t, long i)
Put a Prolog integer in the term reference.

void PL_put_pointer(termct -t, void *ptr)
Put a Prolog integer in the term-reference. Provided ptr is in the ‘malloc()-area’,
PL_get _pointer() will get the pointer back.

void PL_put_float(term.t -t, double j
Put a floating-point value in the term-reference.
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foreign_t

pl_display(term_t t)

{ functor_t functor;
int arity, len, n;
char *s;

switch( PL_term_type(t) )
{ case PL_VARIABLE:
case PL_ATOM:
case PL_INTEGER:
case PL_FLOAT:
PL_get chars(t, &s, CVT_ALL);
Sprintf("%s", s);
break;
case PL_STRING:
PL_get_string_chars(t, &s, &len);
Sprintf("\"%s\"", s);
break;
case PL_TERM:
{ term_t a = PL_new_term_ref();

PL_get name_arity(t, &name, &arity);
Sprintf("%s(", PL_atom_chars(name));
for(n=1; n<=arity; n++)
{ PL_get_arg(n, t, a);

if (n>1)

Sprintf(", ");

pl_display(a);
}
Sprintf(*)");
break;

default:
PL_falil, /* should not happen */

}

PL_succeed;

}

Figure 9.3: A Foreign definition adisplay/1
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void

void

void

void

void

void

void

PL _put_functor (term.t -t, functort functor)

Create a new compound term frdomctor and bindt to this term. All arguments of the term

will be variables. To create a term with instantiated arguments, either instantiate the arguments
using thePL_unify _*() functions or usd’L_cons _functor()

PL_put_list(term.t -1)
Same a®L_put functor( |, PL_newfunctor(PLnewatom(""), 2))

PL _put_nil (term.t -I)
Same a®L_put _atom _chars( "[]” ).

PL_put_term(termt -t1, termt +t2)
Maketl point to the same term &2.

PL_consfunctor (termt -h, functortf, ...)
Create a term, whose arguments are filled from variable argument list holding the same number
of term.t objects as the arity of the functor. To create the tammal(gnu, 50) , use:

{ term_t al = PL_new_term_ref();
term_t a2 = PL_new_term_ref();
term_t t = PL_new_term_ref();
functor_t animal2;

[* animal2 is a constant that may be bound to a global
variable and re-used

*/

animal2 = PL_new_functor(PL_new_atom("animal), 2);

PL_put_atom_chars(al, "gnu");
PL_put_integer(a2, 50);
PL_cons_functor(t, animal2, al, a2);

After this sequence, the term-referenedsanda2 may be used for other purposes.

PL_consfunctor _v(term.t -h, functort f, term.t a0)
Creates a compound term lil__cons _functor() , butaOis an array of term references
as returned byL_new_term _refs() . The length of this array should match the number of

arguments required by the functor.

PL_conslist(termt -I, term.t +h, term.t +t)
Create a list (cons-) cell infrom the head and tail. The code below creates a list of atoms from
achar ** . The list is built tail-to-head. ThBL_unify _*() functions can be used to build

a list head-to-tail.

void
put_list(term_t |, int n, char **words)
{ term_t a = PL_new_term_ref();
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PL_put_nil(l);
while( --n >= 0 )
{ PL_put_atom_chars(a, words[n]);
PL_cons_list(l, a, I);
}
}

Note thatl can be redefined withinBL_cons _list  call as shown here because operationally
its old value is consumed before its new value is set.

9.6.5 Unifying data

The functions of this sectionmify terms with other terms or translated C-data structures. Except for
PL_unify() , the functions of this section are specific to SWI-Prolog. They have been introduced

to make translation of old code easier, but also because they provide for a faster mechanism for
returning data to Prolog that requires less term-references. Consider the case where we want a foreign
function to return the host name of the machine Prolog is running on. Usinglitget *() and

PL_put *() functions, the code becomes:

foreign_t
pl_hostname(term_t name)
{ char buf[100];

if ( gethostname(buf, sizeof(buf)) )
{ term_t tmp = PL_new_term_ref();

PL_put_atom_chars(tmp, buf);
return PL_unify(name, tmp);

}

PL_fail;
}

UsingPL_unify _atom _chars() , this becomes:

foreign_t
pl_hostname(term_t name)
{ char buf[100];

if ( gethostname(buf, sizeof(buf)) )
return PL_unify_atom_chars(name, buf);

PL_fail;
}

int  PL_unify (term.t ?t1, termt ?t2)
Unify two Prolog terms and return non-zero on success.
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int  PL_unify _atom(term.t ?t, atomt a)
Unify t with the atoma and return non-zero on success.
int PL_unify _atom_chars(term.t ?t, const char *charp
Unify t with an atom created frowharsand return non-zero on success.
int  PL_unify _list_chars(term.t ?t, const char *charg
Unify t with a list of ASCII characters constructed frarhars
void PL _unify string_chars(term.t ?t, const char *charg
Unify t with a Prolog string object created from the zero-terminated stfiregs The data will
be copied. See aldeL_unify _string _nchars()
void PL _unify _string_nchars(term.t ?t, unsigned int len, const char *chars
Unify t with a Prolog string object created from the string created froniethieharspair. The
data will be copied. This interface can deal with 0-bytes in the string. See also se&iba
int PL_unify _integer(term.t ?t, long N
Unify t with a Prolog integer fronm.
int  PL_unify _float(term.t ?t, double ¥
Unify t with a Prolog float frond.
int PL_unify _pointer(termt ?t, void *ptr)
Unify t with a Prolog integer describing the pointer. See d@doput _pointer() and
PL_get _pointer()
int  PL_unify functor (term.t ?t, functort f)
If tis a compound term with the given functor, just succeed. If it is unbound, create a term
and bind the variable, else fails. Not that this function does not create a term if the argument is
already instantiated.
int  PL_unify_list(termt ?I, termt -h, termt -t)

Unify | with a list-cell (/2 ). If successful, write a reference to the head of the ligt tond

a reference to the tail of the list in This reference may be used for subsequent calls to this
function. Suppose we want to return a list of atoms fromohar ** . We could use the
example described byL _put _list() , followed by a call toPL_unify() , or we can use

the code below. If the predicate argument is unbound, the difference is minimal (the code based
on PL_put _list() is probably slightly faster). If the argument is bound, the code below
may fail before reaching the end of the word-list, but even if the unification succeeds, this code
avoids a duplicate (garbage) list and a deep unification.

foreign_t
pl_get _environ(term_t env)
{ term_t | = PL_copy_term_ref(env);

term_t a = PL_new_term_ref();
extern char **environ;
char **e;

for(e = environ; *e; e++)
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{ if ( 'PL_unify_list(l, a, 1) ||
IPL_unify_atom_chars(a, *e) )
PL_fail;
}

return PL_unify_nil(l);
}

int  PL_unify _nil (term.t ?I)
Unify | with the aton] .

int  PL_unify _arg(int index, termt ?t, termt ?a)
Unifies theindex-thargument (1-based) ofwvith a.

int PL_unify term(termt ?t,...)

Unify t with a (normally) compound term. The remaining arguments is a sequence of a type
identifier, followed by the required arguments. This predicate is an extension to the Quintus
and SICStus foreign interface from which the SWI-Prolog foreign interface has been derived,
but has proved to be a powerful and comfortable way to create compound terms from C. Due to
the vararg packing/unpacking and the required type-switching this interface is slightly slower
than using the primitives. Please note that some bad C-compilers have fairly low limits on the
number of arguments that may be passed to a function.

Special attention is required when passing numbers. C ‘promotes’ any integral smaller than
int toint . l.e.the typeghar ,short andint are all passed dst . In addition, on most
32-bit platformsnt andlong are the same. Upto version 4.0.5, oRly_INTEGERcould be
specified which was taken from the stack@sgy . Such code fails when passing small integral
types on machines whenet is smaller thardlong . It is advised to us€L_SHORTPL_INT

or PL_LONGas appropriate. Similar, C compilers proméitat to double and therefore
PL_FLOATandPL_DOUBLEare synonyms.

The type identifiers are:

PL_VARIABLE none
No op. Used in arguments &L_FUNCTOR

PL_BOOLint
Unify the argument withrue or false

PL_ATOMatom.t
Unify the argument with an atom, asRL_unify _atom() .

PL_.CHARS onst char *
Unify the argument with an atom created from a O-terminated string.
PL_NCHARSinsigned int, const char *
Unify the argument with an atom created from the given number of characters starting at
the given address. See aBb_unify _atom _nchars() ;
PL_SHORTshort
Unify the argument with an integer, as RiL_unify _integer() . Asshort is pro-
moted toint , PL_.SHORTis a synonym folPL_INT .
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PL_INT int
Unify the argument with an integer, asib_unify _integer()
PL_LONGong
Unify the argument with an integer, asi._unify _integer()
PL_INTEGERIong
Unify the argument with an integer, asib_unify _integer()
PL_DOUBLHlouble
Unify the argument with a float, as PPL_unify _float() . Note that, as the argument
is passed using the C vararg conventions, a float must be casted to a double explicitly.
PL_.FLOATdouble
Unify the argument with a float, as PL_unify _float()
PL_POINTERvoid *
Unify the argument with a pointer, as RL_unify _pointer()
PL_STRINGconst char *
Unify the argument with a string object, asib_unify _string _chars()
PL_TERMerm.t
Unify a subterm. Note this may the return value dPla.new_term _ref() call to get
access to a variable.
PL_CHARS onst char *
Unify the argument with an atom, constructed from the dBar * , as in
PL_unify _atom _chars()
PL_FUNCTORunctor.t, ...

Unify the argument with a compound term. This specification should be followed by
exactly as many specifications as the number of arguments of the compound term.

PL_FUNCTORCHARS: 0onst char *name, int arity, ...
Create a functor from the given name and arity and then beha®e &JNCTOR

PL_LIST intlength, ...
Create a list of the indicated length. The following arguments contain the elements of the
list.

For example, to unify an argument with the telanguage(dutch) , the following skeleton
may be used:

static functor_t FUNCTOR_languagel;

static void

init_constants()

{ FUNCTOR_languagel = PL_new_functor(PL_new_atom("language"), 1);
}

foreign_t
pl_get lang(term_t r)
{ return PL_unify_term(r,
PL_FUNCTOR, FUNCTOR_languagel,
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PL_CHARS, "dutch");
}

install_t

install()

{ PL_reqister_foreign("get_lang", 1, pl_get lang, 0);
init_constants();

}

int PL_chars_to_term(const char *chars, ternt -t)
Parse the stringharsand put the resulting Prolog term intocharsmay or may not be closed
using a Prolog full-stop (i.e., a dot followed by a blank). Returdd SE if a syntax error
was encountered antRUEafter successful completion. In addition to returni@§LSE, the
exception-term is returned tron a syntax error. See alserm _to _atom/2 .

The following example build a goal-term from a string and calls it.

int

call_chars(const char *goal)

{ fid_t fid = PL_open_foreign_frame();
term_t g = PL_new_term_ref();
BOOL rval;

if ( PL_string_to_term(goal, g) )
rval = PL_call(goal, NULL);
else
rval = FALSE;

PL_discard_foreign_frame(fid);
return rval;

call_chars("consult(load)");

char * PL_quote(int chr, const char *striny
Return a quoted version atring. If chris’\” | the result is a quoted atom. dhris ™ ,
the result is a string. The result string is stored in the same ring of buffers as described with the
BUFRING argument oPL_get _chars() ;

In the current implementation, the string is surroundedchyand any occurence afhr is
doubled. In the future the behaviour will depend on tharacter _escape prolog-flag.
Seecurrent _prolog _flag/2
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9.6.6 BLOBS: Using atoms to store arbitrary binary data

SWI-Prolog atoms as well as strings can represent arbitrary binary data of arbitrary length. This
facility is attractive for storing foreign data such as images in an atom. An atom is a unigque handle to
this data and the atom garbage collector is able to destroy atoms that are no longer referenced by the
Prolog engine. This property of atoms makes them attractive as a handle to foreign resources, such as
Java atoms, Microsoft's COM objects, etc., providing safe combined garbage collection.

To exploit these features safely and in an organised manner the SWI-Prolog foreign interface
allows for creating ‘atoms’ with additional type information. The type is represented by a structure
holding C function pointers that tell Prolog how to handle releasing the atom, writing it, sorting it,
etc. Two atoms created with different types can represent the same sequence of bytes. Atoms are first
ordered on the rank number of the type and then on the result afoifmpare() function. Rank
numbers are assigned when the type is registered.

Defining a BLOB type

The typePL_blob _t represents a structure with the layout displayed above. The structure contains
additional fields at the . .. for internal bookkeeping as well as future extension.

typedef struct PL_blob_t

{ unsigned long magic; /* PL_BLOB_MAGIC */
unsigned long flags; [* Bitwise or of PL_BLOB_* */
char * name; /* name of the type */
int (*release)(atom_t a);
int (*compare)(atom_t a, atom_t b);
int (*write)(IOSTREAM *s, atom_t a, int flags);

} PL_blob_t;

For each type exactly one such structure should be allocated. lts first field must be initialised to
PL_BLOBMAGIC Theflagsis a bitwise or of the following constants:

PL_BLOB _TEXT
If specified the blob is assumed to contain text and is considered a normal Prolog atom.

PL_BLOB _UNIQUE
If specified the system ensures that the blob-handle is a unique reference for a blob with the
given type, length and content. If this flag is not specified each lookup creates a new blob.

PL_BLOB_NOCOPY
By default the content of the blob is copied. Using this flag the blob references the external
data directly. The user must ensure the provided pointer is valid as long as the atom lives. If
PL_BLOBUNIQUEis also specified uniqueness is determined by comparing the pointer rather
than the data pointed at.

The namefield represents the type name as available to Prolog. Seewalsent _blob/2
The other field are function pointers that must be initialised to proper functiohlbJbt to get the
default behaviour of builtin atoms. Below are the defined member functions:
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void acquire(atomt a)
Called if a new blob of this type is created through put _blob() orPL_unify _blob()
This callback may be used together with the release hook to deal with reference counted external
objects.

int releasdatomt a)
The blob (atomp is about to be released. This function can retrieve the data of the blob using
PL_blob _data() . Ifit returnsFALSEthe atom garbage collector wilbt reclaim the atom.

int compargatomt a, atomt b)
Compare the bloba andb, both of which are of the type associated to this blob-type. Return
values are, as memcmpg, 0 if ais less therb, = 0 if both are equal and- 0 otherwise.

int write IOSTREAM *s, atom a, int flag9
Write the content of the bloato the streans and respecting thigags Theflagsare a bitwise or
of zero or more of th®L_WRT* flags defined irBWI-Prolog.h . This prototype is available
if the undocumente8&WI-Stream.h is includedbeforeSWI-Prolog.h

If this function is not providedwrite/l  emits the content of the blob for blobs of type
PL_BLOBTEXTor a string of the format#hex data for binary blobs.

If a blob type is registered from a loadable object (shared object or DLL) the blob-type must be
deregistered before the object may be released.

int PL_unregister_blob_type(PL_blob_t *type)
Unlink the blob type from the registered type and transform the type of possible living blobs
to unregistered  , avoiding further reference to the type structure, functions referred by it
as well as the data. This function returfRUEIf no blobs of this type existed angALSE
otherwise.PL_unregister  _blob _type() is intended for the uninstall() hook of foreign
modules, avoiding further references to the module.

Accessing blobs

The blob access functions are similar to the atom accessing functions. Blobs being atoms, the atom
functions operate on blobs and visa versa. For clarity and possible future compatibility issues however
it is not advised to rely on this.

int  PL_unify _blob(term.t t, void *blob, unsigned int len, Pblob_t *type)
Unify t to a new blob constructed from the given data and associated to the given type. See also
PL_unify _atom _nchars()

int PL_put_blob(term.t t, void *blob, unsigned int len, Pblob_t *type)
Store the described blob in The return value indicates whether a new blob was allocated
(FALSE) or the blob is a reference to an existing bldiR(UB. Reporting new/existing can be
used to deal with external objects having their own reference counts. If the reftRUiSthis
reference count must be incremented and it must be decremented on blob destruction callback.
See alsd’L_put _atom _nchars()

int PL_getblob(termtt, void **blob, unsigned int *len, Plblob_t **type)
If t holds a blob or atom get the data and type and re[lRUE Otherwise returirALSE Each
result pointer may b&IULL, in which case the requested information is ignored.
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int PL_blob_data(atomt a, unsigned int *len, struct Plblob_t **type)
Get the data and type associated to a blob. This function is mainly used from the callback
functions described in secti¢h6.6

9.6.7 Calling Prolog from C

The Prolog engine can be called from C. There are two interfaces for this. For the first, a term is
created that could be used as an argumettdl  and nextPL_call()  is used to call Prolog.

This system is simple, but does not allow to inspect the different answers to a non-deterministic goal
and is relatively slow as the runtime system needs to find the predicate. The other interface is based on
PL_open _query() , PL_next _solution() andPL_cut _query() or PL_close _query()

This mechanism is more powerful, but also more complicated to use.

Predicate references

This section discusses the functions used to communicate about predicates. Though a Prolog predicate
may defined or not, redefined, etc., a Prolog predicate has a handle that is not destroyed, nor moved.
This handle is known by the tygwedicate _t.

predicate _t PL_pred(functor.t f, modulet m)
Return a handle to a predicate for the specified name/arity in the given module. This function
always succeeds, creating a handle for an undefined predicate if no handle was available.

predicate _t PL_predicate(const char *name, int arity, const char* modile
Same &L _pred() , but provides a more convenient interface to the C-programmer.

void PL _predicate.info(predicatet p, atomt *n, int *a, modulet *m)
Return information on the predicafe The name is stored over, the arity overa, while
m receives the definition module. Note that the latter need not be the same as speci-
fied with PL_predicate() . If the predicate was imported into the module given to
PL_predicate() , this function will return the module where the predicate was defined.

Initiating a query from C

This section discusses the functions for creating and manipulating queries from C. Note that a foreign
context can have at most one active query. This implies it is allowed to make strictly nested calls
between C and Prolog (Prolog calls C, calls Prolog, calls C, etc., butdtiallowed to open multiple
gueries and start generating solutions for each of them by cdlingext _solution() . Be sure

to call PL_cut _query() or PL_close _query() on any query you opened before opening the
next or returning control back to Prolog.

gid _t PL_opengquery(modulet ctx, int flags, predicate p, termt +t0)

Opens a query and returns an identifier for it. This function always succeeds, regardless whether
the predicate is defined or nattx is thecontext modul®f the goal. WheMNULL, the context
module of the calling context will be used, aser if there is no calling context (as may happen

in embedded systems). Note that the context module only mattarsiduletransparenipred-

icates. Seeontext _module/l andmodule _transparent/1 . Thep argument specifies
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the predicate, and should be the result of a caPltopred() or PL_predicate() . Note
that it is allowed to store this handle as global data and reuse it for future queries. The term-
referencdO is the first of a vector of term-references as returne®bynew_term _refs( n).

The flags arguments provides some additional options concerning debugging and exception
handling. It is a bitwise or of the following values:

PL_.QNORMAL
Normal operation. The debugger inherits its settings from the environment. If an excep-
tion occurs that is not handled in Prolog, a message is printed and the tracer is started to
debug the errof.

PL_.QNODEBUG
Switch off the debugger while executing the goal. This option is used by many
calls to hook-predicates to avoid tracing the hooks. An exampfiing/1  calling
portray/l  from foreign code.

PL_.Q. CATCHEXCEPTION
If an exception is raised while executing the goal, do not report it, but make it available
for PL_exception()

PL_.Q PASSEXCEPTION
As PL_.Q CATCHEXCEPTION but do not invalidate the exception-term while calling
PL_close _query() . This option is experimental.

The example below opens a query to the predicatéddo find the ancestor of for some name.

char *

ancestor(const char *me)

{ term_t a0 = PL_new_term_refs(2);
static predicate_t p;

if (p)
p = PL_predicate("is_a", 2, "database");

PL_put_atom_chars(a0, me);
PL_open_query(NULL, PL_Q NORMAL, p, a0);

int PL_next_solution(qid_t gid)
Generate the first (next) solution for the given query. The return vali®I$Eif a solution
was found, ofFALSEto indicate the query could not be proven. This function may be called
repeatedly until it fails to generate all solutions to the query.

void PL_cut_query(qid)
Discards the query, but does not delete any of the data created by the query. It just invalidate
gid, allowing for a new call ta’L_open _query() in this context.

3Do not pass the integer 0 for normal operation, as this is interpret®il & NODEBUG®r backward compatibility
reasons.
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void PL _closequery(qid)
AsPL_cut _query() ,butall data and bindings created by the query are destroyed.

int PL _call_predicate(modulet m, int flags, predicaté pred, termt +t0)
Shorthand foPL_open _query() , PL_next _solution() , PL_cut _query() , generat-
ing a single solution. The arguments are the same aBlfapen _query() , the return value
is the same aBL_next _solution()

int PL_call(term.t, modulet)
Call term just like the Prolog predicatace/1l . Termis called in the specified module, or in
the context module if module= NULL. ReturnsTRUEIf the call succeed$;ALSE otherwise.
Figure9.4 shows an example to obtain the number of defined atoms. All checks are omitted to
improve readability.

9.6.8 Discarding Data

The Prolog data created and term-references needed to setup the call and/or analyse the result can in
most cases be discarded right after the cBIL_close _query() allows for destructing the data,

while leaving the term-references. The calls below may be used to destroy term-references and data.
See figure.4for an example.

fid _t PL_openforeign_frame()
Created a foreign frame, holding a mark that allows the system to undo bindings and destroy
data created after it as well as providing the environment for creating term-references. This
function is called by the kernel before calling a foreign predicate.

void PL _closeforeign_frame(fid_t id)
Discard all term-references created after the frame was opened. All other Prolog data is retained.
This function is called by the kernel whenever a foreign function returns control back to Prolog.

void PL _discard_foreign_frame(fid_t id)
Same a®L_close _foreign _frame() , butalso undo all bindings made since the open and
destroy all Prolog data.

void PL _rewind_foreign_frame(fid_t id)
Undo all bindings and discard all term-references created since the frame was created, but does
not pop the frame. Il.e. the same frame can be rewinded multiple times, and must eventually be
closed or discarded.

It is obligatory to call either of the two closing functions to discard a foreign frame. Foreign
frames may be nested.
9.6.9 Foreign Code and Modules

Modules are identified via a unique handle. The following functions are available to query and ma-
nipulate modules.

module _t PL_context()
Return the module identifier of the context module of the currently active foreign predicate.
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int
count_atoms()
{ fid_t fid = PL_open_foreign_frame();

term_t goal = PL_new_term_ref();

term_t al = PL_new_term_ref();

term_t a2 = PL_new_term_ref();

functor_t s2 = PL_new_functor(PL_new_atom("statistics"), 2);
int atoms;

PL_put_atom_chars(al, "atoms");
PL_cons_functor(goal, s2, al, a2);
PL_call(goal, NULL); [* call it in current module */

PL_get integer(a2, &atoms);
PL_discard_foreign_frame(fid);

return atoms;

Figure 9.4: Calling Prolog

int PL _strip_module(term.t +raw, modulet *m, term.t -plain)
Utility function. If raw is a term, possibly holding the module constreiodule: (rest this
function will makeplain a reference tdrest and fill module *with (module. For further
nested module constructs the inner most module is returnechedule * If raw is not a
module construcarg will simply be put inplain. If module *is NULL it will be set to the
context module. Otherwise it will be left untouched. The following example shows how to
obtain the plain term and module if the default module is the user module:

{ module m = PL_new_module(PL_new_atom("user"));
term_t plain = PL_new_term_ref();

PL_strip_module(term, &m, plain);

atom _t PL_module_.name(modulet)
Return the name ahoduleas an atom.

module _t PL_new_module(atomt nam¢
Find an existing or create a new module with name specified by therzome
9.6.10 Prolog exceptions in foreign code

This section discusseBL _exception() , PL_throw() and PL_raise _exception() , the
interface functions to detect and generate Prolog exceptions from C-coBé._throw()
and PL_raise _exception() from the C-interface to raise an exception from foreign
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code. PL_throw() exploits the C-function longjmp() to return immediately to the innermost
PL_next _solution() . PL_raise _exception() registers the exception term and returns
FALSE If a foreign predicate returns FALSE, while and exception-term is registered a Prolog ex-
ception will be raised by the virtual machine.

Calling these functions outside the context of a function implementing a foreign predicate results
in undefined behaviour.

PL_exception() may be used after a call L_next _solution() fails, and returns a term
reference to an exception term if an exception was raised, and 0 otherwise.

If a C-function, implementing a predicate calls Prolog and detects an exception us-
ing PL_exception() , it can handle this exception, or return with the exception.
Some caution is required though. It isot allowed to call PL.close _query() or
PL_discard _foreign _frame() afterwards, as this will invalidate the exception term. Below
is the code that calls a Prolog defined arithmetic function ésitlemethic ~ _function/1 ).

If PL_next _solution() succeeds, the result is analysed and translated to a number, after
which the query is closed and all Prolog data created &teppen _foreign _frame() is de-
stroyed. On the other hand, HL_next _solution() fails and if an exception was raised, just
pass it. Otherwise generate an exceptiBb_érror()  is an internal call for building the standard
error terms and callin@L_raise _exception() ). After this, the Prolog environment should be
discarded using’L_cut _query() andPL_close _foreign _frame() to avoid invalidating the
exception term.

static int
prologFunction(ArithFunction f, term_t av, Number r)
{ int arity = f->proc->definition->functor->arity;

fid_t fid = PL_open_foreign_frame();

gid_t qid;

int rval;

gid = PL_open_query(NULL, PL_Q_NORMAL, f->proc, av);

if ( PL_next_solution(qgid) )

{ rval = valueExpression(av+arity-1, r);
PL_close_query(qid);
PL_discard_foreign_frame(fid);

} else

{ term_t except;

if ( (except = PL_exception(qid)) )

{ rval = PL_throw(except); [* pass exception */

} else

{ char *name = stringAtom(f->proc->definition->functor->name);

[* generate exception */
rval = PL_error(name, arity-1, NULL, ERR_FAILED, f->proc);
}

PL_cut_query(qid); /* donot destroy data */
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PL_close_foreign_frame(fid); /* same */

}

return rval;

}

int PL _raise_exceptiontermt exception
Generate an exception (#s&ow/1 ) and returnFALSE Below is an example returning an
exception from foreign predicate:

foreign_t
pl_hello(term_t to)
{ char *s;

if ( PL_get atom_chars(to, &s) )
{ Sprintf("Hello \"%s\"\n", s);

PL_succeed;
} else
{ term_t except = PL_new_term_ref();

PL_unify_term(except,
PL_FUNCTOR_CHARS, "type_error", 2,
PL_CHARS, "atom",
PL_TERM, to);

return PL_raise_exception(except);

}
}

int PL_throw (term.t exceptiof
Similar toPL_raise _exception() , but returns using the C longjmp() function to the in-
nermostPL_next _solution()

term _t PL_exceptior(gid_t qid)
If PL_next _solution() fails, this can be due to normal failure of the Prolog call, or because
an exception was raised usittgow/1 . This function returns a handle to the exception term
if an exception was raised, or 0 if the Prolog goal simply fafled.

9.6.11 Catching Signals (Software Interrupts)

SWI-Prolog offers both a C and Prolog interface to deal with software interrupts (signals). The Prolog
mapping is defined in sectigh1Q This subsection deals with handling signals from C.

“This interface differs in two ways from Quintus. The calling predicates simp,y signal failure if an exception was raised,
and a term referenced is returned, rather passed and filled with the error term. Exceptions can only be handled using the
PL_next _solution() interface, as a handle to the query is required
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If a signal is not used by Prolog and the handler does not call Prolog in any way, the native signal
interface routines may be used.

Some versions of SWI-Prolog, notably running on popular Unix platforms, ha8BieSEGV
for guarding the Prolog stacks. If the application whishes to handle this signal too, it should use
PL_signal() to install its handler after initialisating Prolog. SWI-Prolog will p&i& _SEGVto
the user code if it detected the signal is not related to a Prolog stack overflow.

Any handler that wishes to call one of the Prolog interface functions shoul&®ktaignal()
for its installation.

void (*)() PL _signal(sig, fung
This function is equivalent to the BSD-Unix signal() function, regardless of the platform used.
The signal handler is blocked while the signal routine is active, and automatically reactivated
after the handler returns.

After a signal handler is registered using this function, the native signal interface redirects the
signal to a generic signal handler inside SWI-Prolog. This generic handler validates the en-
vironment, creates a suitable environment for calling the interface functions described in this
chapter and finally calls the registered user-handler.

By default, signals are handled asynchronously (i.e. at the time they arrive). It is inheritly
dangerous to call extensive code fragments, and especially exception related code from asyn-
chronous handlers. The interface allows &ynchronoushandling of signals. In this case

the native OS handler just schedules the signal uBhgaise() , which is checked by
PL_handle _signals() at the call- and redo-port. This behaviour is realised by orsigg

with the constanPL_SIGSYNC®

Signal handling routines may raise exceptions usthgaise _exception() . The use of
PL_throw() is notsafe. If a synchronous handler raises an exception, the exception is delayed
to the next call td’L_handle _signals() ;

int PL_handle_signalqvoid)
Handle any signals pending froRL_raise() . PL_handle _signals() is called at each
pass through the call- and redo-port at a safe point. Exceptions raised by the handler using
PL_raise _exception() are properly passed to the environment.

The user may call this function inside long-running foreign functions to handle scheduled inter-
rupts. This routine returns the number of signals handled. If a handler raises an exception, the
return value is -1 and the calling routine should return WA&LSE as soon as possible.

9.6.12 Miscellaneous
Term Comparison

int PL_compargtermct tl, termt t2)
Compares two terms using the standard order of terms and returns -1, 0 or 1. See also
compare/3 .

int PL_samecompounditermttl, termt t2)
Yields TRUEIf t1 andt2 refer to physically the same compound term &Ad. SE otherwise.

5A better default would be to use synchronous handling, but this interface preserves backward compatibility.
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Recorded database

In some applications it is useful to store and retreive Prolog terms from C-code. For example, the
XPCE graphical environment does this for storing arbitrary Prolog data as slot-data of XPCE objects.
Please note that the returned handles have no meaning at the Prolog level and the recorded terms
are not visible from Prolog. The functiofd_recorded() @ andPL erase() are the only func-
tions that can operate on the stored term.
Two groups of functions are provided.The first groth(record()  and friends) store Prolog
terms on the Prolog heap for retrieval during the same session. These functions are also used by
recorda/3  and friends. The recorded database may be used to communicate Prolog terms between
threads.

record _t PL_record(termt +t)
Record the termiinto the Prolog database escorda/3  and return an opaque handle to the
term. The returned handle remains valid uRtil_erase() is called on it.PL_recorded()
is used to copy recorded terms back to the Prolog stack.

void PL _recorded(record.t record, termt -t)
Copy a recorded term back to the Prolog stack. The same record may be used to copy multiple
instances at any time to the Prolog stack. SeeRlsoecord() andPL_erase()

void PL _erasdrecord.t record
Remove the recorded term from the Prolog database, reclaiming all associated memory re-
sources.

The second group (headed BY._record _external() ) provides the same functionality, but
the returned data has properties that enable storing the data on an external device. It has been designed
to make it possible to store Prolog terms fast an compact in an external database. Here are the main
features:

¢ Independent of session
Records can be communicated to another Prolog session and made visible using
PL_recorded _external()

e Binary
The representation is binary for maximum performance. The returned data may contain 0-bytes.

e Byte-order independent
The representation can be transferred between machines with different byte-order.

e No alignment restrictions
There are no memory alignment restrictions and copies of the record can thus be moved freely.
For example, it is possible to use this representation to exchange terms using shared memory
between different Prolog processes.

e Compact
It is assumed that a smaller memory footprint will eventually outperform slightly faster repre-
sentations.
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e Stable
The format is designed for future enhancements without breaking compatibility with older
records.

char * PL _record_external(term.t +t, unsigned int *len
Record the terminto the Prolog database escorda/3  and return an opaque handle to the
term. The returned handle remains valid uRtil_erase() is called on it.

It is allowed to copy the data and uB& _recorded _external() on the copy. The user
is responsible for the memory management of the copy. After copying, the original may be
discarded usin@L_erase _external()

PL_recorded _external() is used to copy such recorded terms back to the Prolog stack.

int PL _recorded external(const char *record, ternt -t)
Copy a recorded term back to the Prolog stack. The same record may be used to copy mul-
tiple instances at any time to the Prolog stack. See Blswecord _external() and
PL_erase _external()

int PL _eraseexternal(char *record)
Remove the recorded term from the Prolog database, reclaiming all associated memory re-
sources.

Getting file names

The functionPL_get _file _name() provides access to Prolog filenames and its file-search mech-
anism described witlabsolute _file _name/3. Its existence is motivated to realise a uniform
interface to deal with file-properties, search, naming conventions etc. from foreign code.

int PL_getfile_name(term.t spec, char **name, int flags
Translate a Prolog term into a file name. The name is stored in the static buffer ring described
with PL_get _chars() optionBUFRING. flagsis a bit-mask controlling the conversion pro-
cess. Options are:

PL_FILE _ABSOLUTE
Return an absolute path to the requested file.

PL_FILE _OSPATH
Return a the name using the hosting OS conventions. On MS-Windouwgsused to
seperate directories rather than the canoriical

PL_FILE SEARCH
Invoke absolute _file _name/3. This implies rules fronfile _search _path/2
are used.

PL_FILE _EXIST

Demand the path to refer to an existing entity.
PL_FILE _READ

Demand read-access on the result.

PL_FILE _WRITE
Demand write-access on the result.
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PL_FILE _-EXECUTE
Demand execute-access on the result.

PL_FILE NOERRORS
Do not raise any exceptions.

9.6.13 Errors and warnings

PL_warning()  prints a standard Prolog warning message to the standard eser (error )
stream. Please note that new code should consider Btimgise _exception() to raise a Prolog
exception. See also sectidrb.

int PL_warning(format, al, ..)
Print an error message starting wifWw/ARNING: °’, followed by the output fromformat
followed by a ]’ and a newline. Then start the traceformat and the arguments are the
same as foprintf(  2) . Always return=ALSE

9.6.14 Environment Control from Foreign Code

int PL_action(int, ...)
Perform some action on the Prolog systeint describes the action, Remaining arguments
depend on the requested action. The actions are listed inGable

9.6.15 Querying Prolog

C.type PL_query(int)
Obtain status information on the Prolog system. The actual argument type depends on the infor-
mation requiredint describes what information is wanted. The options are given in taBle

9.6.16 Registering Foreign Predicates

int PL_register_foreign(const char *name, int arity, foreigh(*function)(), int flag3
Register a C-function to implement a Prolog predicate. After this call returns successfully a
predicate with nam@&ame(a char *) and arityarity (a C int) is created. As a special case,
namemay consist of a sequence of alpha-numerical characters followed by the cdlokm (
this case the name uptil the colon is taken to be the destination module and the rest of the name
the predicate hame.

When called in Prolog, Prolog will cafunction flagsforms bitwise or'ed list of options for
the installation. These are:

PL_.FAINOTRACE Predicate cannot be seen in the tracer

PL_FA TRANSPARENT Predicate is module transparent
PL_FANONDETERMINISTIC| Predicate is non-deterministic. See aMoretry()
PL_FA.VARARGS Use alternative calling convention.

Default calling (i.e. withouPL_FA VARARG}sfunctionis passed the same number of term
arguments as the arity of the predicate and, if the predicate is non-deterministic, an extra ar-
gument of typecontrol _t (see sectio®.6.]). If PL_.FAVARARGSs provided,functionis

called with three arguments. The first argumentisran _t handle to the first argument. Fur-

ther arguments can be reached by adding the offset (sedhls@ew_term _refs() ). The
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PL_ACTION.TRACE Start Prolog tracertiiace/0 ). Requires no arguments.
PL_.ACTION.DEBUG Switch on Prolog debug modeddbug/O ). Requires ng
arguments.

PL_ACTION.BACKTRACE Print backtrace on current output stream. The argument
(an int) is the number of frames printed.
PL_ACTIONHALT Halt Prolog execution. This action should be called rather
than Unix exit() to give Prolog the opportunity to clean up.
This call does not return. The argument (an int) is the exit
code. Sedalt/1

PL_ACTIONABORT Generate a Prolog aborlfort/O ). This call does not
return. Requires no arguments.
PL_ACTION.BREAK Create a standard Prolog break environmbrédk/0 ).

Returns after the user types the end-of-file character.|Re-
quires no arguments.
PL_ACTION.GUIAPP Win32: Used to indicate the kernel that the application is
a GUI application if the argument is not 0 and a conspole
application if the argument is 0. If a fatal error occurs,
the system uses a windows messagebox to report this on
a GUI application and simply prints the error and exits

otherwise.

PL_.ACTIONWRITE Write the argument, ahar * to the current output
stream.

PL_ACTION.FLUSH Flush the current output stream. Requires no arguments.

PL_ACTIONATTACHCONSOLRttach a console to a thread if it does not have one. See
attach _console/0

Table 9.1:PL_action()  options

PL_.QUERYARGC Return an integer holding the number of arguments given
to Prolog from Unix.

PL_.QUERYARGV Return a char ** holding the argument vector given to Pro-
log from Unix.

PL_.QUERYSYMBOLFILE Return a char * holding the current symbol file of the run-
ning process.

PL.MAXINTEGER Return a long, representing the maximal integer value rep-
resented by a Prolog integer.

PL_MIN_LINTEGER Return a long, representing the minimal integer value.

PL_.QUERWERSION Return a long, representing the version @sio0 x M +
100 x m + p, whereM is the majoryn the minor version
number ang the patch-level. For exampl20717 means
2.7.17

Table 9.2:PL_query() options
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second argument is the arity, which defines the number of valid term-references in the argument
vector. The last argument is used for non-deterministic calls. It is currently undocument and
should be defined of typeoid* . Here is an example:

static foreign_t
atom_checksum(term_t a0, int arity, void* context)
{ char *s;

if ( PL_get _atom_chars(a0, &s) )
{ int sum;

for(sum=0; *s; s++)
sum += *s&O0xff;

return PL_unify_integer(aO+1, sum&Oxff);

}

return FALSE;
}

install_t
install()
{ PL_register_foreign("atom_checksum”, 2, atom_checksum, PL_FA VARARGS);

}

void PL _load_extensiongPL _extension *§
Register foreign predicates from a table of structures. This is an alternative to
multiple calls to PL_register  _foreign() and simplifies code that wishes to use
PL_register _extensions() as an alternative. The typtl_extension is defined as:

typedef struct PL_extension

{ char *predicate_name; /* Name of the predicate */
short arity; /* Arity of the predicate */
pl_function_t function; /* Implementing functions */
short flags; /* Or of PL_FA ... */

} PL_extension;

void PL _register_extensiongPL_extension *§
The functionPL_register  _extensions() behaves aPL _load _extensions() , but
is the only PL* function that may be calleefore PL _initialise() . The predicates are
registerednto the moduleuser after registration of the SWI-Prolog builtin foreign predicates
and before loading the initial saved state. This implies ihifialization/1 directives
can refer to them.

Here is an example of its usage:
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static PL_extension predicates[] = {

{ "foo", 1, pl_foo, 0 },

{ "bar", 2, pl_bar, PL_FA_NONDETERMINISTIC },
{ NULL, 0, NULL, 0}

2

main(int argc, char **argv)
{ PL_reqgister_extensions(predicates);

if ( 'PL_initialise(argc, argv) )
PL_halt(1);

9.6.17 Foreign Code Hooks

For various specific applications some hooks re provided.

PL_dispatch _hook _t PL _dispatch.hook(PL_dispatchhookt)

void

int

If this hook is not NULL, this function is called when reading from the terminal. It is sup-
posed to dispatch events when SWI-Prolog is connected to a window environment. It can re-
turn two values:PL_DISPATCHINPUT indicates Prolog input is available on file descriptor

0 or PL.LDISPATCHTIMEOUTto indicate a timeout. The old hook is returned. The type
PL_dispatch _hook _t is defined as:

typedef int (*PL_dispatch_hook_t)(void);

PL _abort_hook(PL_abort hookt)

Install a hook wherabort/0 is executed. SWI-Prologbort/0 is implemented using C
setimp()/longjmp() construct. The hooks are executed in the reverse order of their registra-
tion after the longjmp() took place and before the Prolog toplevel is reinvoked. The type
PL_abort _hook _t is defined as:

typedef void (*PL_abort_hook_t)(void);

PL_abort_unhook(PL_abort hookt)
Remove a hook installed witAL _abort _hook() . ReturnsFALSEif no such hook is found,

TRUEotherwise.

void PL_on_halt(void (*f)(int, void *), void *closurg

Register the functio to be called if SWI-Prolog is halted. The function is called with two
arguments: the exit code of the process (0 if this cannot be determined on your operating system)
and theclosureargument passed to tft_on _halt() call. See alsat _halt/1
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PL_agc _hook _t PL_agchook(PL_agchookt new
Register a hook with the atom-garbage collector @@dage _collect _atoms/O thatis
called on any atom that is reclaimed. The old hook is returned. If no hook is currently defined,
NULL s returned. The argument of the called hook is the atom that is to be garbage collected.
The return value is aimt . If the return value is zero, the atomrist reclaimed. The hook
may invoke any Prolog predicate.

The example below defines a foreign library for printing the garbage collected atoms for debug-
ging purposes.

#include <SWI-Stream.h>
#include <SWI-Prolog.h>

static int
atom_hook(atom_t a)
{ Sdprintf("AGC: deleting %s\n", PL_atom_chars(a));

return TRUE;
}

static PL_agc_hook_t old;

install_t

install()

{ old = PL_agc_hook(atom_hook);
}

install_t

uninstall()

{ PL_agc_hook(old);
}

9.6.18 Storing foreign data

This section provides some hints for handling foreign data in Prolog. With foreign data, we refer to
data that is used by foreign language predicates and needs to be passed around in Prolog. Excluding
combinations, there are three principal options for storing such data

e Natural Prolog data
E.i. using the representation one would choose if there was no foreign interface required.

e Opaque packed Prolog data
Data can also be represetented in a foreign structure and stored on the Prolog stacks using
PL_put _string _nchars() and retrieved usingL_get _string _chars() . Itis gener-
ally good practice to wrap the string in a compound term with arity 1, so Prolog can identify the
type.portray/l  rules may be used to streamline printing such terms during development.
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e Natural foreign data, passing a pointer
An alternative is to pass a pointer to the foreign data. Again, this functor may be wrapped in a
compound term.

The choice may be guided using the following distinctions

¢ Is the data opaque to Prolog
With ‘opaque’ data, we refer to data handled in foreign functions, passed around in Prolog, but
of which Prolog never examines the contents of the data itself. If the data is opaque to Prolog,
the choosen representation does not depend on simple analysis by Prolog, and the selection will
be driven solely by simplicity of the interface and performance (both in time and space).

e How big is the data
Is effient encoding required? For examine, a boolean aray may be expressed as a compound
term, holding integers each of which contains a number of bits, or as atrsieof andfalse

e What is the nature of the data
For examples in C, constants are often expressed using ‘enum’ or #define'd integer values. If
prolog needs to handle this data, atoms are a more logical choice. Whether or not this mapping
is used depends on whether Prolog needs to interpret the data, how important debugging is and
how important performance is.

¢ What is the lifetime of the data
We can distinguish three cases.

1. The lifetime is dictated by the accesibility of the data on the Prolog stacks. Their is no
way by which the foreign code when the data becomes ‘garbage’, and the data thus needs
to be represented on the Prolog stacks using Prolog data-types. (2),

2. The data lives on the ‘heap’ and is explicitly allocated and deallocated. In this case,
representing the data using native foreign representation and passing a pointer to it is a
sensible choice.

3. The data lives as during the lifetime of a foreign predicate. If the predicate is deterministic,
foreign automatic variables are suitable. if the predicate is non-deterministic, the data may
be allocated using malloc() and a pointer may be passed. See sgétibn

Examples for storing foreign data

In this section, we wull outline some examples, covering typical cases. In the first example, we will
deal with extending Prolog’s data representation with integer-sets, represented as bit-vectors. In the
second example, we look at handling a ‘netmask’. Finally, we discuss the outline of the DDE interface.

Integer sets with not-to-far-apart upper- and lower-bounds can be represented using bit-vectors.
Common set operations, such as union, intersection, etc. are reduced to simple and’ing and or’ing the
bitvectors. This can be done in Prolog, using a compound term holding integer arguments. Especially
if the integers are kept below the maximum tagged integer value(seent _prolog _flag/i2 ),

this representation is fairly space-efficient (wasting 1 word for the functor and and 7 bits per integer
for the tags). Arithmetic can all be performed in Prolog too.
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For really demanding applications, foreign representation will perform better, especially time-
wise. Bit-vectors are natrually expressed using string objects. If the string is wrapped in
bitvector/1 , lower-bound of the vector is 0, and the upperbound is not defined, an implemen-
tation for getting and putting the setes as well as the union predicate for it is below.

#include <SWI-Prolog.h>

#define max(a, b) (@ > (b) ? (@) : (b))
#define min(a, b) (@ < (b) ? (@) : (b))

static functor_t FUNCTOR_bitvectorl;

static int
get_bitvector(term_t in, int *len, unsigned char **data)
{ if ( PL_is_functor(in, FUNCTOR _bitvectorl) )

{ term_t a = PL_new_term_ref();

PL_get_arg(1, in, a);
return PL_get_string(a, (char **)data, len);

}

PL_fail;
}

static int
unify_bitvector(term_t out, int len, const unsigned char *data)
{ if ( PL_unify_functor(out, FUNCTOR_bitvectorl) )

{ term_t a = PL_new_term_ref();

PL _get _arg(1, out, a);

return PL_unify_string_nchars(a, len, (const char *)data);

}

PL_fail;
}

static foreign_t
pl_bitvector_union(term_t tl1, term_t t2, term_t u)
{ unsigned char *sl, *s2;

int 11, 12;

if ( get bitvector(tl, &I1, &sl) &&
get_bitvector(t2, &l2, &s2) )
{ int | = max(1, 12);
unsigned char *s3 = alloca(l);
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if (s3)
{ int n;
int ml = min(I1, 12);

for(n=0; n<ml; n++)
s3[n] = si[n] | s2[n];

for( ; n < I1; n++)
s3[n] = sl1[n];

for( ; n < 12; n++)
s3[n] = s2[n];

return unify_bitvector(u, |, s3);

}

return PL_warning("Not enough memory");

}

PL_fail;
}

install_t
install()
{ PL_register_foreign("bitvector_union", 3, pl_bitvector_union, 0);

FUNCTOR_bitvectorl = PL_new_functor(PL_new_atom("bitvector"), 1);
}

Netmask’s are used with TCP/IP configuration. Suppose we have an application dealing with rea-
soning about a network configuration. Such an application requires communicating netmask struc-
tures from the operating system, reasoning about them and possibly communicate them to the user.
A netmask consists of 4 bitmasks between 0 and 255. C-application normally see them as an 4-byte
wide unsigned integer. SWI-Prolog cannot do that, as integers are always signed.

We could use the string approach outlined above, but this makes it hard to handle these terms
in Prolog. A better choice is a compound termatmask/4 , holding the 4 submasks as integer
arguments.

As the implementation is trivial, we will omit this here.

The DDE interface (see sectiorl.43 represents another common usage of the foreign interface:
providing communication to new operating system features. The DDE interface requires knowledge
about active DDE server and client channels. These channels contains various foreign data-types.
Such aninterface is normally achieved using an open/close protocol that creates and désinojes a
The handle is a reference to a foreign data-structure containing the relevant information.

There are a couple of possibilities for representing the handle. The choice depends on respon-
sibilities and debugging facilities. The simplest aproach is to uBihginify _pointer() and
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PL_get _pointer() . This approach is fast and easy, but has the drawbacks of (untyped) point-
ers: there is no reliable way to detect the validity of the pointer, not to verify it is pointing to a
structure of the desired type. The pointer may be wrapped into a compound term with arity 1 (i.e.,
dde _channel( (Pointen) ), making the type-problem less serious.

Alternatively (used in the DDE interface), the interface code can maintain a (preferably variable
length) array of pointers and return the index in this array. This provides better protection. Especially
for debugging purposes, wrapping the handle in a compound is a good suggestion.

9.6.19 Embedding SWI-Prolog in other applications

With embedded Prolog we refer to the situation where the ‘main’ program is not the Prolog appli-
cation. Prolog is sometimes embedded in C, C++, Java or other languages to provide logic based
services in a larger application. Embedding loads the Prolog engine as a library to the external lan-
guage. Prolog itself only provides for embedding in the C-language (compatible to C++). Embedding
in Java is achieved using JPL using a C-glue between the Java and Prolog C-interfaces.

The most simple embedded program is below. The interface funetionitialise() must
be called before any of the other SWI-Prolog foreign language functions described in this chap-
ter, except forPL_initialise _hook() , PL.new_atom() andPL_register _foreign()
PL_initialise() interprets all the command-line arguments, except fortthetoplevel  flag
that is interpreted bfPL _toplevel()

int

main(int argc, char **argv)

{

#ifdef READLINE /* Remove if you don't want readline */
PL_initialise_hook(install_readline);

#endif

if ( 'PL_initialise(argc, argv) )
PL_halt(1);

PL_halt(PL_toplevel() ? 0 : 1);
}

int PL_initialise(int argc, char **argv)
Initialises the SWI-Prolog heap and stacks, restores the Prolog state, loads the system and
personal initialisation files, runs that _initialization/1 hooks and finally runs the
-g goal hook.

Special consideration is required fargv[0] . OnUnix, this argument passes the part of the
commandline that is used to locate the executable. Prolog uses this to find the file holding the
running executable. Thé&indows version uses this to findraoduleof the running executable.

If the specified module cannot be found, it tries the modihfd.dll , containing the Prolog
runtime kernel. In all these cases, the resulting file is used for two purposes

e See whether a Prolog saved-state is appended to the file. If this is the case, this state will
be loaded instead of the defahtiot.prc  file from the SWI-Prolog home directory. See
alsogsave _program/[1,2] and sectior®.7.
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e Find the Prolog home directory. This process is described in detail in sé&ction

PL_initialise() returns 1 if all initialisation succeeded and 0 othenvise.

In most casesargc and argv will be passed from the main program. It is allowed to create
your own argument vector, providedgv[0] is constructed according to the rules above. For
example:

int
main(int argc, char **argv)
{ char *av[10];

int ac = O;

avlac++] = argv[0];
avfac++] = "-x";
av[ac++] = "mystate";
aviac] = NULL;

if (!'PL_initialise(ac, av) )
PL_halt(1);

Please note that the passed argument vector may be referred from Prolog at any time and should
therefore be valid as long as the Prolog engine is used.

A good setup in Windows is to add SWI-Prologps directory to yourPATHand either pass a
module holding a saved-state, "tibpl.dll" asargv[0] . If the Prolog state is attached
to a DLL (see thedll option ofplld , pass the name of this DLL.

int PL_is_initialised(int *argc, char ***argv)
Test whether the Prolog engine is already initialised. RetiAISSEif Prolog is not initialised
andTRUEotherwise. If the engine is initialised aadycis notNULL, the argument count used
with PL_initialise() is stored inargc. Same for the argument vectargyv.

void PL_install_readline()
Installs the GNU-readline line-editor. Embedded applications that do not use the Prolog toplevel
should normally delete this line, shrinking the Prolog kernel significantly. Note that the Win-
dows version does not use GNU readline.

int PL_toplevel)
Runs the goal of thet toplevel  switch (defaultprolog/0 ) and returns 1 if successful,
0 otherwise.

void PL_cleanup(int statug
This function performs the reverse BL _initialise() . It runs thePL_on_halt() and
at _halt/1  handlers, closes all streams (except for the ‘standard I/O’ streams which are

5BUG: Various fatal errors may cause Riitialise to callPL_halt( 1), preventing it from returning at all.
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flushed only), deallocates all memory and restores all signal handlers statusargument
is passed to the various termination hooks and indicatesxitistatus

This function allows deleting and restarting the Prolog system in the same process. Use it with
care, asPL_initialise() is a costly function. Unix users should consider using exec()
(available as part of the clib package,).

int PL_halt(int statug
Cleanup the Prolog environment usifd _cleanup() and calls exit() with the status ar-
gument. AsPL_cleanup() can only be called from the main thread, this function returns
FALSEwhen called from another thread as the main bne.

Threading, Signals and embedded Prolog

This section applies to Unix-based environments that have signals or multi-threading. The Windows
version is compiled for multi-threading and Windows lacks proper signals.

We can distinguish two classes of embedded executables. There are small C/C++-programs that
act as an interfacing layer around Prolog. Most of these programs can be replaced using the normal
Prolog executable extended with a dynamically loaded foreign extension and in most cases this is
the preferred route. In other cases, Prolog is embedded in a complex application that—Ilike Prolog—
wants to control the process environment. A good example is Java. Embedding Prolog is generally
the only way to get these environments together in one process image. Java applications however are
by nature multi-threaded and appear to do signal-handling (software interrupts).

To make Prolog operate smoothly in such environments it must be told not to alter the process
environment. This is partly done at build-time and partly execution time. At build-time we must
specify the use of software stack-overflow rather then the default hardware checks. This is done using

sh configure --disable-segv-handling

The resulting Prolog executable is about 10% slower than the normal executable, but behaves much
more reliable in complicated embedded situations. In addition, as the process no longer handles
segmentation violations, debugging foreign code linked to it is much easier.

At runtime, it is adviced to pass the flagosignals , which inhibits all default signal handling.
This has a few consequences though:

e Itis no longer possible to break into the tracer using an interrupt signal (Control-C).

e SIGPIPE is normally set to be ignored. Prolog uses return-codes to diagnose broken pipes.
Depending on the situation one should take appropriate action if Prolog streams are connected
to pipes.

e Fatal errors normally cause Prolog to cBlL _cleanup()  and exit(). It is adviced to call
PL_cleanup() as part of the exit-procedure of your application.

"BUG: Eventually it may become possible to dall_halt()  from any thread.
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9.7 Linking embedded applications using plid

The utility progranmplld  (Win32: plid.exe) may be used to link a combination of C-files and Prolog

files into a stand-alone executabpdld automates most of what is described in the previous sections.
In the normal usage, a copy is made of the default embedding terigiats/pl/include/

stub.c . The main() routine is modified to suit your applicatiofL_initialise() must

be passed the program-namexrgv[0]) (Win32: the executing program can be obtained using

GetModuleFileName() ). The other elements of the command-line may be modified. [g8dt,

is typically invoked as:

plid -o output stubfile.c [other-c-or-o-files] [plfiles]

plld  will first split the options into various groups for both the C-compiler and the Prolog compiler.
Next, it will add various default options to the C-compiler and call it to create an executable holding
the user's C-code and the Prolog kernel. Then, it will call the SWI-Prolog compiler to create a saved
state from the provided Prolog files and finally, it will attach this saved state to the created emulator
to create the requested executable.

Below, it is described how the options are split and which additional options are passed.

-help
Print brief synopsis.

-pl prolog
Select the prolog to use. This prolog is used for two purposes: get the home-directory as well
as the compiler/linker options and create a saved state of the Prolog code.

-Id linker
Linker used to link the raw executable. Default is to use the C-compiler (Win32: link.exe).

-cc C-compiler
Compiler for.c files found on the commandline. Default is the compiler used to build SWI-
Prolog (seeurrent _prolog _flag/2 ) (Win32: cl.exe).

-c++ C++-compiler
Compiler for C++ sources (extensiompp , .cxx ,.cc or.C) files found on the command-
line. Default isc++ or g++ if the C-compiler isgcc ) (Win32: cl.exe).

-nostate
Just relink the kernel, do not add any Prolog code to the new kernel. This is used to create a
new kernel holding additional foreign predicates on machines that do not support the shared-
library (DLL) interface, or if building the state cannot be handled by the default procedure used
by plld . In the latter case the state is created seperately and appended to the kernel using
cat (kerne) (state > (out) (Win32:copy /b (kerne)+(staté (out))

-shared
Link C, C++ or object files into a shared object (DLL) that can be loaded by the
load _foreign _library/l predicate. If used withc it sets the proper options to com-
pile a C or C++ file ready for linking into a shared object

-dlil
Windows only Embed SWI-Prolog into a DLL rather than an executable.
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-C
Compile C or C++ source-files into object files. This tuplisl into a replacement for the C
or C++ compiler where proper options such as the location of the include directory are passed
automatically to the compiler.
-E
Invoke the C preprocessor. Used to makd a replacement for the C or C++ compiler.
-pl-options,. ..
Additional options passed to Prolog when creating the saved state. The first character immedi-
ately followingpl-options is used as separator and translated to spaces when the argument
is built. Example:-pl-options,-F,xpce passedF xpce as additional flags to Prolog.
-ld-options,...
Passes options to the linker, similar-f-options
-cc-options,...
Passes options to the C/C++ compiler, similasgiboptions
-V
Select verbose operation, showing the various programs and their options.
-o outfile
Reserved to specify the final output file.
-llibrary

Specifies a library for the C-compiler. By defaullpl (Win32: libpl.lib) and the libraries
needed by the Prolog kernel are given.

-Llibrary-directory
Specifies a library directory for the C-compiler. By default the directory containing the Prolog
C-library for the current architecture is passed.

-g | -1 include-directory | -D definition
These options are passed to the C-compiler. By default, the include directory containing
SWI-Prolog.h  is passedplld adds two additionai -D def flags:

-D__SWI.PROLOG
Indicates the code is to be connected to SWI-Prolog.

-D__SWI.LEMBEDDED
Indicates the creation of an embedded program.

*0|*.c|*C|*cxx|*.cpp
Passed as input files to the C-compiler

* *
pl |*.qglf
Passed as input files to the Prolog compiler to create the saved-state.

I.e. all other options. These are passed as linker options to the C-compiler.
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9.7.1 A simple example

The following is a very simple example going through all the steps outlined above. It provides an
arithmetic expression evaluator. We will call the applicatalc and define it in the filesalc.c
andcalc.pl . The Prolog file is simple:

calc(Atom) :-
term_to_atom(Expr, Atom),
A is Expr,
write(A),
nl.

The C-part of the application parses the command-line options, initialises the Prolog engine, locates
the calc/1 predicate and calls it. The coder is in figuute
The application is now created using the following command-line:

% plld -0 calc calc.c calc.pl
The following indicates the usage of the application:

% calc pi/2
1.5708

9.8 The Prolog ‘home’ directory

Executables embedding SWI-Prolog should be able to find the ‘home’ directory of the devel-
opment environment unless a self-contained saved-state has been added to the executable (see
gsave _program/[1,2] and sectior®.7).

If Prolog starts up, it will try to locate the development environment. To do so, it will try the
following steps until one succeeds.

1. If the environment variablSWI_HOMEDIR is defined and points to an existing directory, use
this.

2. If the environment variabl8 WIPL is defined and points to an existing directory, use this.

3. Locate the primary executable or (Windows only) a componeradyulg thereof and check
whether the parent directory of the directory holding this file contains thewilpl . If so,
this file contains the (relative) path to the home directory. If this directory exists, use this. This
is the normal mechanism used by the binary distribution.

4. If the precompiled path exists, use it. This is only useful for a source installation.

If all fails and there is no state attached to the executable or provided Windows module (see
PL_initialise() ), SWI-Prolog gives up. If a state is attached, the current working directory is
used.

Thefile _search _path/2 aliasswi is set to point to the home directory located.
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#include <stdio.h>
#include <SWI-Prolog.h>

#define MAXLINE 1024

int

main(int argc, char **argv)

{ char expression[MAXLINE];
char *e = expression;
char *program = argv[0];
char *plav[2];
int n;

/* combine all the arguments in a single string */

for(n=1; n<argc; n++)
{if(n!l=1)

*o++ = %
strcpy(e, argv[n));
e += strlen(e);

}

/* make the argument vector for Prolog */

plav[0]
plav[1]

program;
NULL;

/* initialise Prolog */

if (!'PL_initialise(1, plav) )
PL_halt(1);

/* Lookup calc/l and make the arguments and call */
{ predicate_t pred = PL_predicate("calc”, 1, "user");
term_t hO = PL_new_term_refs(1);

int rval;

PL_put_atom_chars(h0O, expression);
rval = PL_call_predicate(NULL, PL_Q_NORMAL, pred, h0);

PL_halt(rval ? 0 : 1);
}

return O;
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9.9 Example of Using the Foreign Interface

Below is an example showing all stages of the declaration of a foreign predicate that transforms atoms
possibly holding uppercase letters into an atom only holding lower case letters. Bi§gteows the
C-source file, figur®.7 illustrates compiling and loading of foreign code.

/* Include file depends on local installation */
#include <SWiI-Prolog.h>

#include <stdlib.h>

#include <ctype.h>

foreign_t
pl_lowercase(term_t u, term_t I)
{ char *copy;

char *s, *q;

int rval;

if ( 'PL_get atom_chars(u, &s) )
return PL_warning("lowercase/2: instantiation fault");
copy = malloc(strlen(s)+1);

for( g=copy; *s; q++, s++)
*q = (isupper(*s) ? tolower(*s) : *s);

*q = "0

rval = PL_unify_atom_chars(l, copy);

free(copy);

return rval;

}

install_t
install()
{ PL_register_foreign("lowercase", 2, pl_lowercase, 0);

}

Figure 9.6: Lowercase source file
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% gcc -l/usr/local/lib/pl-\plversion/include -fpic -c lowercase.c

% gcc -shared -o lowercase.so lowercase.o

% pl

Welcome to SWI-Prolog (Version \plversion)

Copyright (c) 1993-1996 University of Amsterdam. All rights reserved.
For help, use ?- help(Topic). or ?- apropos(Word).

1 ?- load_foreign_library(lowercase).

Yes
2 ?- lowercase('Hello World!", L).

L = 'hello world!

Yes

Figure 9.7: Compiling the C-source and loading the object file
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9.10 Notes on Using Foreign Code

9.10.1 Memory Allocation

SWiI-Prolog’s heap memory allocation is based onnfadloc( 3) library routines. The stacks are

allocated using mmap() on most Unix machines and using VirtualAlloc() on windows. SWI-Prolog

provides the functions below as a wrapper around malloc(). Allocation errors in these functions trap

SWI-Prolog's fatal-error handler, in which caBe_malloc()  or PL_realloc() do not return.
Portable applications must ugd _free() to release strings returned B®L_get _chars()

using theBUFMALLOGargument. Portable applications may use ithmalloc()  and friends or

malloc() and friends but should not mix these two sets of functions on the same nfemory.

void * PL_malloc(sizet byteg
Allocate bytes of memory. On failure SWI-Prolog’s fatal error handler is called and
PL_malloc() does not return. Memory allocated using these functions must use
PL _realloc() andPL_free() rather than realloc() and free().

void * PL _realloc(void *mem, sizd siz
Change the size of the allocated chunk, possibly moving it.fi@argument must be obtained
from a previoudPL_malloc()  or PL_realloc() call.

void PL _free(void *memn)
Release memory. Thememargument must be obtained from a previds malloc()  or
PL_realloc() call.

9.10.2 Compatibility between Prolog versions

Great care is taken to ensure binary compatibility of foreign extensions between different Prolog
versions. Only much less frequently used stream interface has been responsible for binary incompati-
bilities.

Source-code that relies on new features of the foreign interface can use theRh&&ERSION
to find the version o8WI-Prolog.h  andPL_query() using the optiolPL_QUERYVERSIONto
find the version of the attached Prolog system. Both follow the same numbering schema explained
with PL_query()

9.10.3 Debugging Foreign Code

Statically linked foreign code or embedded systems can be debugged normally. Most modern envi-
ronments provide debugging tools for dynamically loaded shared objects or dynamic load libraries.
The following example traces the code of lowercase ugiftg{ 1) in a Unix environment.

% gcc -l/usr/local/lib/pl-2.2.0/include -fpic -c -g lowercase.c

% gcc -shared -o lowercase.so lowercase.o

% gdb pl

(gdb) r

Welcome to SWI-Prolog (Version \plversion)

Copyright (c) 1993-1996 University of Amsterdam. All rights reserved.

8These functions were introduced in SWI-Prolog 5.0.9 to realise guaranteed portability. Foreign code that must be
compatible with older versions can check PieVERSIONmacro.
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For help, use ?- help(Topic). or ?- apropos(Word).

?- load_foreign_library(lowercase).

<type Control-C>

(gdb) shared % loads symbols for shared objects
(gdb) break pl_lowercase

(gdb) continue

?- lowercase("HELLO’, X).

9.10.4 Name Conflicts in C modules

In the current version of the system all public C functions of SWI-Prolog are in the symbol table.
This can lead to name clashes with foreign code. Someday | should write a program to strip all these
symbols from the symbol table (why does Unix not have that?). For now | can only suggest to give
your function another name. You can do this using the C preprocessor. If—for example—your foreign
package uses a function warning(), which happens to exist in SWI-Prolog as well, the following macro
should fix the problem.

#define warning warning_

Note that shared libraries do not have this problem as the shared library loader will only look for
symbols in the main executable for symbols that are not defined in the library itself.

9.10.5 Compatibility of the Foreign Interface

The term-reference mechanism was first used by Quintus Prolog version 3. SICStus Prolog version 3
is strongly based on the Quintus interface. The described SWI-Prolog interface is similar to using the
Quintus or SICStus interfaces, defining all foreign-predicate arguments oftgpa . SWI-Prolog
explicitly uses typdunctor _t , while Quintus and SICStus us@same and(arity). As the names

of the functions differ from Prolog to Prolog, a simple macro layer dealing with the names can also
deal with this detail. For example:

#define QP_put_functor(t, n, a) PL_put_functor(t, PL_new_functor(n, a))

ThePL_unify *() functions are lacking from the Quintus and SICStus interface. They can easily
be emulated or the put/unify approach should be used to write compatible code.

The PL_open foreign _frame() /PL_close _foreign _frame() combination is
lacking from both other Prologs. SICStus hd__new_term _refs( 0), followed by
PLreset _term _refs() thatallows for discarding term references.

The Prolog interface for the graphical user interface package XPCE shares about 90% of the code
using a simple macro layer to deal with different naming and calling conventions of the interfaces.
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Applications

This chapter describes the features of SWI-Prolog for delivering applications that can run without the
development version of the system installed.

A SWI-Prolog runtime executable is a file consisting of two parts. The first part isrthéator
which is machine dependent. The second part ig¢seurce archivewhich contains the compiled
program in a machine-independent format, startup options and possibly user-adefioettes see
resource/3  andopen _resource/3

These two parts can be connected in various different ways. The most common way for distributed
runtime applications is tooncatenatéhe two parts. This can be achieved using external commands
(Unix: cat , Windows: copy ), or using thestand _alone option togsave _program/2 . The
second option is to attach a startup script in front of the resource that starts the emulator with the
proper options. This is the default under Unix. Finally, an emulator can be told to use a specified
resource file using thex commandline switch.

gsaveprogram(+File, +ListOfOptiong
Saves the current state of the program to theHille. The result is a resource archive contain-
ing a saved-state that expresses all Prolog data from the running program and all user-defined
resources. Depending on teand _alone option, the resource is headed by the emulator, a
Unix shell-script or nothing.

ListOfOptionsis a list of (Key) = (Value or (Key)((Value)) pairs. The available keys are
described in tablé0.1

Before writing the data to filegsave _program/2  will run autoload/0  to all required
autoloading the system can discover. Satload/0

Provided the application does not require any of the Prolog libraries to be loaded at runtime, the
only file from the SWI-Prolog development environment required is the emulator itself. The
emulator may be built in two flavours. The default is ttevelopment emulatoiThe runtime
emulatoris similar, but lacks the tracer.

If the optionstand _alone(on) is present, the emulator is the first part of the state. If the
emulator is started it will test whether a boot-file (state) is attached to the emulator itself and
load this state. Provided the application has all libraries loaded, the resulting executable is
completely independent of the runtime environment or location where it was build.

See also section.10.2

gsaveprogram(+File)
Equivalent togsave _program(File, [])

autoload
Check the current Prolog program for predicates that are referred to, are undefined and have a
definition in the Prolog library. Load the appropriate libraries.
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Key Option Type Description

local -L K-bytes Size (Limit) of local stack

global -G K-bytes Size (Limit) of global stack

trail -T K-bytes Size (Limit) of trail stack

argument -A K-bytes Size (Limit) of argument stack

goal -g atom Initialisation goal

toplevel -t atom Prolog toplevel goal

init_file -f atom Personal initialisation file

class atom If runtime , only read resources from the state
(default). Ifkernel , lock all predicates as sys-
tem predicates Iflevelopment , save the pred;
icates in their current state and keep reading|re-
sources from their source (if present). See also
resource/3

autoload bool If true, runautoload/0  first

map file File to write info on dump

op save/standard Save operator declarations?

standalone bool Include the emulator in the state

emulator file Emulator attached to the (stand-alone) executable.
Default is the running emulator.

Table 10.1:(Key) = (Value pairs forgsave _program/2

This predicate is used lysave _program/[1,2]

to ensure the saved state will not depend

on one of the libraries. The predicatetoload/0  will find all direct references to predicates.

It does not find predicates referenced via meta-predicates. The predicate log/2 is defined in the
library(quintus) to provide a quintus compatible means to compute the natural logarithm of a
number. The following program will behave correctly if its state is executed in an environment
where the library(quintus) is not available:

logtable(From, To) :-
From > To, L

logtable(From, To) :-
log(From, Value),
format("d™t"8|"2f'n’, [From, Value]),
F is From + 1,
logtable(F, To).

However, the following implementation refers to log/2 through the meta-predicate
maplist/3 . Autoload will not be able to find the reference. This problem may be fixed
either by loading the module libtary(quintus) explicitly or usguire/1  to tell the system
that the predicate log/2 is required by this module.

logtable(From, To) :-
findall(X, between(From, To, X), Xlist),
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maplist(log, Xlist, SineList),
write_table(Xlist, SineList).

write_table([], []).

write_table([I|IT], [VIVT]) :-
format("dt"8|72fn’, [I, V]),
write_table(IT, VT).

volatile +Name/Arity, ...
Declare that the clauses of specified predicates shmilde saved to the program. The volatile
declaration is normally used to avoid that the clauses of dynamic predicates that represent data
for the current session is saved in the state file.

10.1 Limitations of gsaveprogram

There are three areas that require special attention whengsiivg _program/[1,2]

o If the program is an embedded Prolog application or uses the foreign language interface, care
has to be taken to restore the appropriate foreign context. See skgtitfor details.

o If the program uses directives (goal.  lines) that perform other actions then setting predi-
cate attributes (dynamic, volatile, etc.) or loading files (consult, etc.), the directive may need to
be prefixed withinitialization/1

e Database references as returnedlayse/3 ,recorded/3 |, etc. are not preserved and may
thus not be part of the database when saved.

10.2 Runtimes and Foreign Code

Some applications may need to use the foreign language interface. Object code is by definition
machine-dependent and thus cannot be part of the saved program file.
To complicate the matter even further there are various ways of loading foreign code:

e Using the library(shlib) predicates
This is the preferred way of dealing with foreign code. It loads quickly and ensures an accept-
able level of independence between the versions of the emulator and the foreign code loaded. It
works on Unix machines supporting shared libraries and library functions to load them. Most
modern Unixes, as well as Win32 (Windows 95/NT) satisfy this constraint.

e Static linking
This mechanism works on all machines, but generally requires the same C-compiler and linker
to be used for the external code as is used to build SWI-Prolog itself.

To make a runtime executable that can run on multiple platforms one must make runtime checks
to find the correct way of linking. Suppose we have a source¥fjlextension defining the instal-
lation functioninstall()

If this file is compiled into a shared librarlpad _foreign _library/1 will load this library
and call the installation function to initialise the foreign code. If it is loaded as a static extension,
defineinstall() as the predicatimstall/O
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static foreign_t

pl_install()
{ install();
PL_succeed;
}
PL_extension PL_extensions [] =
{
[*{ "name", arity,  function, PL_FA <flags> },*/
{ "install", O, pl_install, 01}
{ NULL, 0, NULL, 0} /* terminating line */
%

Now, use the following Prolog code to load the foreign library:

load_foreign_extensions :-
current_predicate(install, install), !, % static loaded
install.

load_foreign_extensions :- % shared library
load_foreign_library(foreign(myextension)).

.- initialization load_foreign_extensions.

The path aliadoreign is defined byfile _search _path/2 . By default it searches the di-
rectories(home/lib/  (arch) and (home/lib . The application can specify additional rules for
file _search _path/2

10.3 Using program resources

A resourceis very similar to a file. Resources however can be represented in two different formats:
on files, as well as part of the resourehiveof a saved-state (sepsave _program/2 ).

A resource has mameand aclass The sourcedata of the resource is a file. Resources
are declared by declaring the predicatsource/3 . They are accessed using the predicate
open _resource/3

Before going into details, let us start with an example. Short texts can easily be expressed in
Prolog sourcecode, but long texts are cumbersome. Assume our application defines a command ‘help’
that prints a helptext to the screen. We put the content of the helptext into a file balfetkt
The following code implements our help command such that help.txt is incorperated into the runtime
executable.

resource(help, text, ’help.txt’).
help :-

open_resource(help, text, In),
copy_stream(In, user_output),
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close(In).

copy_stream(in, Out) :-
getO(In, C),
copy_stream(C, In, Out).

copy_stream(-1, _, ) :- L
copy_stream(C, In, Out) :-
put(Out, C),
getO(In, C2),
copy_stream(C2, In, Out).

The predicatehelp/0 opens the resource as a Prolog stream. If we are executing this from the
development environment, this will actually return a stream tay#ip.txt  itself. When executed

from the saved-state, the stream will actually be a stream opened on the program resource file, taking

care of the offset and length of the resource.

10.3.1 Predicates Definitions

resource(tName, +Class, +FileSpegc
This predicate is defined as a dynamic predicate in the madide . Clauses for it may be
defined in any module, including the user modiNemeis the name of the resource (an atom).

A resource name may contain any character, except for $ and :, which are reserved for internal

usage by the resource libra@lassdescribes the what kind of object is stored in the resource.
In the current implementation, it is just an atoRileSpeds a file specification that may exploit
file _search _path/2 (seeabsolute _file _name/2).

Normally, resources are defined as unit clauses (facts), but the definition of this predicate also
allows for rules. For proper generation of the saved state, it must be possible to enumerate the
available resources by calling this predicate with all its arguments unbound.

Dynamic rules are useful to turn all files in a certain directory into resources, without specifying
a resources for each file. For example, assuméilthe _search _path/2 icons refers to

the resource directory containing icon-files. The following definition makes all these images
available as resources:

resource(Name, image, icons(XpmName)) :-
atom(Name), !,
file_name_extension(Name, xpm, XpmName).
resource(Name, image, XpmkFile) :-
var(Name),
absolute_file_name(icons(.), [type(directory)], Dir)
concat(Dir, '*xpm’, Pattern),
expand_file_name(Pattern, XpmkFiles),
member(XpmFile, XpmFiles).

openresourcefrName, ?Class, -Stream

Opens the resource specified MgmeandClass If the latter is a variable, it will be unified to
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the class of the first resource found that has the spedifaede If successfulStreambecomes
a handle to a binary input stream, providing access to the content of the resource.

The predicatopen _resource/3  first checksresource/3 . When succesful it will open

the returned resource source-file. Otherwise it will look in the programs resource database.
When creating a saved-state, the system normally saves the resource contents into the resource
archive, but does not save the resource clauses.

This way, the development environment uses the files (and modifications estharce/3
declarations and/or files containing resource info thus immediately affect the running environ-
ment, while the runtime system quickly accesses the system resources.

10.3.2 Theplrc program

The utility programplrc  can be used to examine and manipulate the contents of a SWI-Prolog
resource file. The options are inspired by the Uarixprogram. The basic command is:

% plrc option resource-file member ...
The options are described below.

[
List contents of the archive.

X
Extract named (or all) members of the archive into the current directory.

a
Add files to the archive. If the archive already contains a member with the same name, the
contents is replaced. Anywhere in the sequence of members, the optilass= classand
--encoding=  encodingmay appear. They affect the class and encoding of subsequent files.
The initial class iglata and encodingione .

d

Delete named members from the archive.

This command is also described in fhié 1) Unix manual page.

10.4 Finding Application files

If your application uses files that are not part of the saved program such as database files, configuration
files, etc., the runtime version has to be able to locate these files.fil€he_search _path/2
mechanism in combination with th@ alias command-line argument is the preferred way to locate
runtime files. The first step is to define an alias for the toplevel directory of your application. We will
call this directorygnatdir  in our examples.

A good place for storing data associated with SWI-Prolog runtime systems is below the emulator’s
home-directoryswi is a predefined alias for this directory. The following is a useful default definition
for the search path.

user:file_search_path(gnatdir, swi(gnat)).
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The application should locate all files using absaliilezename. Suppose gnatdir contains a file
config.pl to define local configuration. Then use the code below to load this file:

configure_gnat :-
( absolute_file_name(gnatdir(’config.pl’), ConfigFile)
->  consult(ConfigFile)
; format(user_error, 'gnat: Cannot locate config.pl'n’),
halt(1)
).

10.4.1 Passing a path to the application

Suppose the system administrator has installed the SWI-Prolog runtime environmfgist/in

local/lib/rt-pl-3.2.0 . A user wants to instatinat , but gnat will look for its configuration
in /usr/local/lib/rt-pl-3.2.0/gnat where the user cannot write.
The user decides to install the gnat runtime filegusers/bob/lib/gnat . For one-time

usage, the user may decide to start gnat using the command:

% gnat -p gnatdir=/users/bob/lib/gnat

10.5 The Runtime Environment

10.5.1 The Runtime Emulator

The sources may be used to built two versions of the emulator. By defauttettedopment emulator

is built. This emulator contains all features for interactive development of Prolog applications. If the
system is configured usingenable-runtime , make(1) will create aruntime versiorof the
emulator. This emulator is equivalent to the development version, except for the following features:

¢ No input editing
The GNU library-lreadline that provides EMACS compatible editing of input lines will
not be linked to the system.

e No tracer
The tracer and all its options are removed, making the system a little faster too.

e No profiler
profile/3 and friends are not supported. This saves some space and provides better perfor-
mance.

e No interrupt
Keyboard interrupt (Control-C normally) is not rebound and will normally terminate the appli-
cation.

e currentprolog flag(runtime, true) succeeds
This may be used to verify your application is running in the runtime environment rather than
the development environment.
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e clause/[2,3] do not work on static predicates
This prolog-flag inhibits listing your program. It is only a very limited protection however.

The following fragment is an example for building the runtime environmem¢mv{HOME}/
lib/rt-pl-3.2.0 . If possible, the shared-library interface should be configured to ensure it can
serve a large number of applications.

% cd pl-3.2.0

% mkdir runtime

% cd runtime

% ../src/configure --enable-runtime --prefix=$HOME
% make

% make rt-install

The runtime directory contains the components listed below. This directory may be tar’ed and shipped
with your application.

README.RT Info on the runtime environment
bin/ (arch)/pl | The emulator itself

man/pl.1 Manual page for pl

swipl pointer to the home directory (.
lib/ directory for shared libraries

lib/  (arch)/ machine-specific shared libraries
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This chapter documents the SWI-Prolog library. As SWI-Prolog provides auto-loading, there is little
difference between library predicates and built-in predicates. Part of the library is therefore docu-
mented in the rest of the manual. Library predicates differ from built-in predicates in the following
ways.

e User-definition of a built-in leads to a permission-error, while using the name of a library pred-
icate is allowed.

¢ If autoloading is disabled explicitely or because trapping unknown predicates is disabled (see
unknown/2 andcurrent _prolog _flag/2 ), library predicates must be loaded explicitely.

e Using libraries reduce the footprint of applications that don’t need them.

The documentation of the library is just started. Material from the standard packages
should be moved here, some material from other parts of the manual should be moved
too and various libraries are not documented at all.

A.1 lists : List Manipulation

This library provides commonly accepted basic predicates for list manipulation in the Prolog commu-
nity. Some additional list manipulations are built-in. Their description is in seétipa

append(?Listl, ?List2, ?ListB
Succeeds whehist3 unifies with the concatenation &istl andList2. The predicate can be
used with any instantiation pattern (even three variables).

member(?Elem, ?List
Succeeds wheBlemcan be unified with one of the memberd.ddgt. The predicate can be used
with any instantiation pattern.

nextto(?X, ?Y, ?List
Succeeds wheYi follows X in List.

delete(Listl, ?Elem, ?List?
Delete all members dfist1 that simultaneously unify witElemand unify the result with.ist2.

selectPElem, ?List, ?Re}pt
SelectElemfrom List leavingRest It behaves amember/2 , returning the remaining elements
in Rest Note that besides selecting elements from a list, it can also be used to insert elements.

!BUG: Upto SWI-Prolog 3.3.10, the definition of this predicate was not according to the de-facto standard. The first two
arguments were in the wrong order.
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nthO(?Index, ?List, ?Elein
Succeeds when tHadexth element oList unifies withElem Counting starts at O.

nth1(?Index, ?List, ?Elemn
Succeeds when tHadexth element oList unifies withElem Counting starts at 1.

last(?List, ?Elem
Succeeds iElemunifies with the last element dfist. If Listis a proper listast/2  is deter-
ministic. If List has an unbound tail, backtracking will causst to grow?

reverse(+Listl, -List2)
Reverse the order of the elementd.iatl and unify the result with the elementslakt2.

permutation(?Listl, ?List3
Permuation is true whenistlis a permutation ofist2. The implementation can solve foist2
givenListl or Listl givenList2, or even enumeraigstl andList2 together.

flatten(+List1, -List2)
TransformListl, possibly holding lists as elements into a ‘flat’ list by replacing each list with
its elements (recursively). Unify the resulting flat list witlst2. Example:

?- flatten([a, [b, [c, d], €]], X).

X =[a, b, c, d, €]

sumlist(+List, -Sum
Unify Sunmto the result of adding all elementsliist. Listmust be a proper list holding numbers.
Seenumber/1 andis/2 . for details on arithmetic.

numlist(+Low, +High, -List)
If LowandHigh are integers witl.ow < High, unify Listto a list [Low, Low + 1, ...High].
See alsdetween/3

A.1.1 Set Manipulation

is_set(+Sel
Succeeds iSetis a list (seds _list/1 ) without duplicates.

list_to_set(*List, -Se)

Unifies Setwith a list holding the same elements laist in the same order. lfist contains
duplicates, only the first is retained. See asat/2 . Example:

?- list_to_set([a,b,a], X)

X = [a,b]

2The argument order of this predicate was changed in 5.1.12 for compatibility reasons.
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intersection(+Setl, +Set2, -Sej3
Succeeds iSet3unifies with the intersection ddetlandSet2 SetlandSet2are lists without
duplicates. They need not be ordered.

subtract(+Set, +Delete, -Resylt
Delete all elements of set ‘Delete’ from ‘Set’ and unify the resulting set with ‘Result’.

union(+Setl, +Set2, -Sej3
Succeeds iSet3unifies with the union oBetlandSet2 SetlandSet2are lists without dupli-
cates. They need not be ordered.

subset@-Subset, +Sét
Succeeds if all elements 8ubsetre elements dbetas well.

A.2 check : Elementary completeness checks

This library defines the predicatheck/0 and a few friends that allow for a quick-and-dirty cross-
referencing.

check
Performs the three checking passes implemented bst _undefined/0
list _autoload/O and list _redefined/0 . Please check the definition of these
predicates for details.

The typical usage of this predicate is right after loading your program to get a quick overview
on the completeness and possible conflicts in your program.

list_undefined
Scans the database for predicates that have no definition. A predicate is considered defined if
it has clauses, is declared usidgnamic/l1 or multifile/1 . As a program is compiled
calls are translated to predicates. If the called predicate is not yet defined it is created as a
predicate without definition. The same happens with runtime generated calls. This predicate
lists all such undefined predicates that are referenced and not defined in the library. See also
list _autoload/0 . Below is an example from a real program and an illustration how to edit
the referencing predicate usiedit/1

?- list_undefined.
Warning: The predicates below are not defined. If these are defined
Warning: at runtime using assert/1, use :- dynamic Name/Arity.

Warning:

Warning: rdf_edit:rdfe_retract/4, which is referenced by
Warning: 1-st clause of rdf edit:undo/4

Warning: rdf_edit:rdfe_retract/3, which is referenced by
Warning: 1-st clause of rdf edit:delete object/1
Warning: 1-st clause of rdf edit:delete_subject/1
Warning: 1-st clause of rdf edit:delete predicate/1

?- edit(rdf_edit:undo/4).
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list_autoload
Lists all undefined (selist _undefined/0 ) predicates that have a definition in the library
along with the file from which they will be autoloaded when accessed. Seauwisioad/0

list_redefined
Lists predicates that are defined in the global modsker as well as in a normal module. I.e.
predicates for which the local definition overrules the global default definition.

A.3 debug: Some reusable code to help debugging applications

This library provides an structured alternative for putting print-statements into your source-code to
trace what is going on. Debug messages are organigegitsthat can be activated and de-activated
without changing the source. In addition, if the application is compiled with@éag these predi-
cates are removed usiggal _expansion/2

Although this library can be used through the normal demand-loading mechanism it is adviced
to load it explicitely before code using it to profit from goal-expansion, which removes these calls
if compiled with optimisation on and records the topics fraebug/3 anddebugging/l  for
list _debug _topics/O

debug@Topic, +Format, +Arg9
If Topic is a selected debugging topic (sekebug/l ) a message is printed using
print _message/2 with level informational . Format and Args are interpreted by
format/2 . Here is a typical example:

debug(init, ’'Initialised "w’, [Module]),

Topiccan be any Prolog term. Compound terms can be used to make categories of topics that
can be activated usirdebug/1 .

debuggingfTopic)
Succeeds if Topic is a selected debugging topic. It is intended to execute ar-
bitrary code depending on the users debug topic selection. The construct
(debugging(Topic) -> Code ; true) is removed if the code is compiled in

optimise mode.

debug@Topic)
Select all registered topics that unify witlepicfor debugging. This call is normally used from
the toplevel to activate a topic for debugging. Topics are de-activated nstebug/1 .

nodebug(Topic)
Deactivates topics for debugging. S#ebug/1 for the arguments.

list_debug topics
List the current status of registered topics. See didmgging/0
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assume(Goal)
This predicate is to be compared to the C-library assert() function. By inserting this goal you
explicitely state you expedboal to succeed at this place. Assume/l calls are removed
when compiling in optimized mod&oal should not have side-effects. Typical examples are
type-tests and validating invariants defined by your application.

If Goalfails the system prints a message and starts the debugger.

A.4 readutil : Reading lines, streams and files

This library contains primitives to read lines, files, multiple terms, etc.

read_line_to_codes¢Stream, -Codés
Read the next line of input froiStreamand unify the result wittCodes aftethe line has been
read. A line is ended by a newline character or end-of-file. Unitieeel _line _to _codes/3
this predicate removes trailing newline character.

On end-of-file the atorend _of _file isreturned. See alsat _end _of _stream/[0,1]

read_line_to_codes-Stream, -Codes, ?T3il
Diference-list version to read an input line to a list of character codes. Reading stops at the
newline or end-of-file character, but unlikead _line _to _codes/2 ,the newline is retained
in the output. This predicate is especially useful for readine a block of lines upto some delimiter.
The following example reads an HTTP header ended by a blank line:

read_header_data(Stream, Header) :-
read_line_to_codes(Stream, Header, Tail),
read_header_data(Header, Stream, Tail).

read_header_data("\r\n", _, ) :- L
read_header_data("\n", , ) :- L
read_header_data(™, _, ) - L
read_header_data(_, Stream, Tail) :-
read_line_to_codes(Stream, Tail, NewTalil),
read_header_data(Tail, Stream, NewTalil).

read_stream_to_codes¢Stream, -Codés
Read all input until end-of-file and unify the result@@des

read_stream_to_codes¢Stream, -Codes, ?Tall
Difference-list version ofead _stream _to _codes/2 .

read_file_to_codes¢Spec, -Codes, +Options
Read a file to a list of character codes. Spec is a file-specification for
absolute _file _name/3. Codesis the resulting code-list. Optionsis a list of op-
tions for absolute _file _name/3 andopen/4 . In addition, the optiortail (Tail) is
defined, forming a difference-list.
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read_file_to_terms(+Spec, -Terms, +Options
Read a file to a list of prolog terms (seead/l1 ). Specis a file-specification for
absolute _file _name/3. Termsis the resulting list of Prolog termOptionsis a list of
options forabsolute _file _name/3 andopen/4 . In addition, the optiontail (Tall) is
defined, forming a difference-list.

A.5 netscape : Activating your Web-browser

This library deals with the very system dependent task of opening a web page in a browser. See also
url and the HTTP package.

www_open.url( +URL)
OpenURL in an external web-browser. The reason to place this in the library is to centralise
the maintenance on this highly platform and browser specific task. It distinguishes between the
following cases:

e MS-Windows
If it detects MS-Windows it usewin _shell/2  to open theURL The behaviour and
browser started depends on the Window and Windows-shell configuration, but in general
it should be the behaviour expected by the user.

e Other platforms
On other platforms it tests the environment variable @etenv/1 ) namedBROWSER
or usesnetscape if this variable is not set. If the browser is eitherozilla  or
netscape , wwwopen _url/l first tries to open a new window on a running using the
-remote option of netscape. If this fails or the browser is nwzilla  or netscape
the system simply passes the URL as first argument to the program.

A.6 registry : Manipulating the Windows registry

The registry is only available on the MS-Windows version of SWI-Prolog. It loads the foreign
extensionplregtry.dll , providing the predicates described below. This library only makes the
most common operations on the registry available through the Prolog user. The underlying DLL
provides a more complete coverage of the Windows registry API. Please consult the sogpites in
src/win32/foreign/plregtry.c for further details.

In all these predicate$ath refers to a '/’ separated path into the registry. Thisnat an atom
containing ‘/’-characters as used for filenames, but a term using the fufctoiWindows defines the
following roots for the registryclasses _root , current _user ,local _machine andusers

registry_get key(+Path, -Valug
Get the principal (default) value associated to this key. Fails silently of the key does not exist.

registry_get key(+Path, +Name, -Valug
Get a named value associated to this key.

registry_setkey(+Path, +Value
Set the principal (default) value of this key. Creates (a path to) the key if this does not already
exist.
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registry_setkey(+Path, +Name, +Valug
Associated a named value to this key. Creates (a path to) the key if this does not already exist.

registry _delete key(+Path)
Delete the indicated key.

shellregister_file_type(+Ext, +Type, +Name, +OpenActign
Register a file-typeExtis the extension to associat€ypeis the type name, often something

link prolog.type . Nameis the name visible in the Windows file-type browser. Findllpe-
nActiondefines the action to execute when a file with this extension is opened in the Windows
explorer.

shellregister_.dde(+Type, +Action, +Service, +Topic, +Command, +IfNotRunnjing
Associate DDE actions to a typelypeis the same type as used for the 2nd argument of
shell _register _file _type/4 , Actionis the a action to perforngerviceandTopicspec-
ify the DDE topic to address anfdommands the command to execute on this topic. Finally,
IfNotRunningdefines the command to execute if the required DDE server is hot present.

shellregister_prolog(+Ext)
Default registration of SWI-Prolog, which is invoked as part of the initialisation process on
Windows systems. As the source also explains the above predicates, it is given as an example:

shell_register_prolog(Ext) :-
current_prolog_flag(argv, [Me|_]),

concat_atom(["’, Me, ™ "%1"™], OpenCommand),
shell_register_file_type(Ext, 'prolog.type’, 'Prolog Source’,
OpenCommand),

shell_register_dde(’prolog.type’, consult,

prolog, control, 'consult("%1"”)’, Me),
shell_register_dde(’'prolog.type’, edit,

prolog, control, 'edit("%1")’, Me).

A.7 url : Analysing and constructing URL

This library deals with the analysis and construction of a UBhiversalResourcd_ocator. URL is

the basis for communicating locations of resources (data) on the web. A URL consists of a protocol
identifier (e.g. HTTP, FTP), and a protocol-specific syntax further defining the location. URLs are
standardized in RFC-1738.

The implementation in this library covers only a small portion of the defined protocols. Though the
initial implementation followed RFC-1738 strictly, the current is more relaxed to deal with frequent
violations of the standard encountered in practical use.

This library contains code by Jan Wielemaker who wrote the initial version and Lukas Faulstich
who added various extensions.

parse.url( ?URL, ?Part3
Construct or analyse HRL URL is an atom holding a URL or a variabldartsis a list of
components. Each component is of the foridameValue. Defined components are:
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protocol(Protocol)
The used protocol. This is, after the optional: , an identifier separated from the
remainder of the URL using. parse _url/2 assumes thbttp protocol if no protocol
is specified and the URL can be parsed as a valid HTTP url. In addition to the RFC-1738
specified protocols, thie:  protocol is supported as well.

host(Hos)
Host-name or IP-address on which the resource is located. Supported by all network-based
protocols.

port(Port)
Integer port-number to access on tHest This only appears if the port is explicitly
specified in the URL. Implicit default ports (e.g. 80 for HTTP) mlat appear in the part-
list.

path(Path)
(File-) path addressed by the URL. This is supported forftfne, http andfile  pro-
tocols. If no path appears, the library generates the path

search(istOfNameValug
Search-specification of HTTP URL. This is the part after?h@ormally used to transfer
data from HTML forms that use th&SET protocol. In the URL it consists of a www-
form-encoded list oName=Valuepairs. This is mapped to a list of ProldéameValue
terms with decoded names and values.

fragment(Fragmenj
Fragment specification of HTTP URL. This is the part after#heharacter.

The example below illustrates the all this for an HTTP UTL.

?- parse_url(http://swi.psy.uva.nl/message.cgi?msg=Hello+World%21#x’,
P).
P = [ protocol(http),
host('swi.psy.uva.nl’),
fragment(x),
search([ msg = 'Hello World!’
D,
path('/message.cgi’)

].

By instantiating the parts-list this predicate can be used to create a URL.

parseurl( ?URL, +BaseURL, ?Par}s
Same aparse _url/2 , but dealing a url that is relative to the givBaseURL This is used to
analyse or construct a URI found in the document beBaseURL

global_url(+URL, +BaseURL, -AbsoluteUyl
Transform a (possibly) relative URL into a global one.

http _location(?Parts, ?Locatioh
Similar toparse _url/2 , but only deals with the location part of an HTTP URL. That is, the
path, search and fragment specifiers. In the HTTP protocol, the first line of a message is
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Action LocatioHTTP/HttpVersior}

Locationis either an atom or a code-list.

www_form _encodefValue, ?WwwFormEncodgd
Translate between a string-literal and the x-www-form-encoded representation used in path and
search specifications of the HTTP protocol.

Encoding implies mapping space to +, preserving alpha-numercial characters, map newlines to
%0D%0A and anything else to %XX. When decoding, newlines appear as a single newline (10)
character.

A.8 clp/bounds : Integer Bounds Constraint Solver

Author: Tom SchrijversK.U.Leuven

The bounds solver is a rather simple integer constraint solver, implemented with attributed vari-
ables. Its syntax is a subset of the SICStus clp(FD) syntax.

Please note that thelp/bounds library is not an autoloadlibrary and therefore this library
must be loaded explicitely before using it using:

:- use_module(library(’clp/bounds’)).

A.8.1 Constraints

The following constraints are supported:

-Varin +Range
VaribaleVar is restricted to be in rageange A range is denoted bly..U where both. andU
are integers.

-Varsin +Range
A list of variablesVarsare restriced to be in randggange

?Expr#> ?Expr
The left-hand expression is constrained to be greater than the right-hand expressions.

?EXpr#< ?Expr
The left-hand expression is constrained to be smaller than the right-hand expressions.

?Expr#>= ?Expr
The left-hand expression is constrained to be greater than or equal to the right-hand expressions.

?EXpr#=< ?Expr
The left-hand expression is constrained to be smaller than or equal to the right-hand expressions.

?EXpr#= ?Expr
The left-hand expression is constrained to be equal to the right-hand expressions.

?Expr#\= ?Expr
The left-hand expression is constrained to be not equal to the right-hand expressions.
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all _different(+Vars)
All variables in the listvarsare constrained to be different.

label(+Vars)
All variables are assigned a variable that does not violate the constraint on them.

HereExpr can be one of
integer Any integer.
variable A variable.

?EXpr+ ?Expr
The sum of two expressions.

?Expr* ?Expr
The product of two expressions.

?Expr- ?Expr
The difference of two expressions.

max(?Expr,?Exp)
The maximum of two expressions.

min(?Expr,?Exp)
The minimum of two expressions.

?Exprmod ?Expr
The first expression modulo the second expression.

abs(?Expn)
The absolute value of an expression.

A.8.2 Constraint Implication and Reified Constraints

The following constraint implication predicates are available:

+P #=> +Q
P impliesQ, whereP andQ are reifyable constraints.

+Q #<=+P
P impliesQ, whereP andQ are reifyable constraints.

+P #<=> +Q
P andQ are equivalent, where andQ are reifyable constraints.

In addition, instead of being a reifyable constraint, eitR@r Q can be a boolean variable that is the
truth value of the corresponding constraint.
The following constraints are reifyablg&=/2 , #\=/2 ,#</2 ,#>/2 ,#=</2 ,#>/2 .

For example, to count the number of occurrences of a particular value in a list of constraint vari-
ables:
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e Using constraint implication
occurrences(List,Value,Count) :-
occurrences(List,Value,0,Count).

occurrences([],_,Count,Count).
occurrences([X|Xs],Value,Acc,Count) :-
X #= Value #=> NAcc #= Acc + 1,
X #\= Value #=> NAcc #= Acc,
occurrences(Xs,Value,NAcc,Count).

e Using reified constraints
occurrences(List,Value,Count) :-
occurrences(List,Value,0,Count).

occurrences([],_,Count,Count).
occurrences([X|Xs],Value,Acc,Count) :-
X #= Value #=> B,
NAcc #= Acc + B,
occurrences(Xs,Value,NAcc,Count).

A.8.3 Example
The following is an implementation of the classic alphametics puzzle SEND + MORE = MONEY:

:- use_module(library(’clp/bounds’)).

send([[S,E,N,D], [M,0O,R,E], [M,O,N,E,Y]]) :-
Digits = [S,E,N,D,M,O,R,Y],
Carries = [C1,C2,C3,C4],
Digits in 0..9,
Carries in 0..1,

M #= C4,
O + 10 * C4 #= M + S + C3,
N + 10 * C3 #= O + E + C2
E + 10 * C2 # R + N + Ci,
Y + 10 * C1 #= E + D,

M #>= 1,

S #>= 1,

all_different(Digits),

label(Digits).

A.8.4 SICStus clp(FD) compatibility

Apart from the limited syntax, the bounds solver differs in the following ways from the SICStus
clp(FD) solver:
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e inf andsup
The smallest lowerbound and greatest upperbound in boundsmareinteger  and
min _integer + 1
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Hackers corner

This appendix describes a number of predicates which enable the Prolog user to inspect the Prolog
environment and manipulate (or even redefine) the debugger. They can be used as entry points for
experiments with debugging tools for Prolog. The predicates described here should be handled with
some care as it is easy to corrupt the consistency of the Prolog system by misusing them.

B.1 Examining the Environment Stack

prolog_current _frame(-Frame
Unify Framewith an integer providing a reference to the parent of the current local stack frame.
A pointer to the current local frame cannot be provided as the predicate succeeds deterministi-
cally and therefore its frame is destroyed immediately after succeeding.

prolog_frame_attribute( +Frame, +Key, -Valug
Obtain information about the local stack frafaimme Frameis a frame reference as obtained
throughprolog _current _frame/l , prolog _trace _interception/4 or this predi-
cate. The key values are described below.

alternative
Valueis unified with an integer reference to the local stack frame in which execution is
resumed if the goal associated witamefails. Fails if the frame has no alternative frame.

has alternatives
Valueis unified withtrue if Framesitill is a candidate for backtrackindalse other-
wise.

goal
Valueis unified with the goal associated winame If the definition module of the active
predicate is nouser the goal is represented @nodule: (goal). Do not instantiate
variables in this goal unless ydusnow what you are doing! Note that the returned term
may contain references to the frame and should be discarded before the frame terminates.

parent_goal
If Valueis instantiated to a callable term, find a frame executing the predicate described by
Valueand unify the arguments &falueto the goal arguments associated with the frame.
This is intended to check the current execution context. The user must ensure the checked
parent goal is not removed from the stack due to last-call optimisation and be aware of the
slow operation on deeply nested calls.

The returned term is actually an illegal Prolog term that may hold references from the global- to the local stack to
preserve the variable names.
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clause
Value is unified with a reference to the currently running clause. Fails if the current
goal is associated with a foreign (C) defined predicate. Seendtisaclause/3  and
clause _property/2

level
Valueis unified with the recursion level &frame The top level frame is at level ‘0’

parent
Valueis unified with an integer reference to the parent local stack franfeashe Fails
if Frameis the top frame.

context module
Valueis unified with the name of the context module of the environment.

top
Valueis unified withtrue if Frameis the top Prolog goal from a recursive call back from
the foreign languagdalse otherwise.

hidden
Valueis unified withtrue if the frame is hidden from the user, either because a parent has
the hide-childs attribute (all system predicates), or the system has no trace-me attribute.

pc
Valueis unified with the program-pointer saved on behalve of the parent-goal if the parent-
goal is not owned by a foreign predicate.

argument(N)

Valueis unified with theN-th slot of the frame. Argument 1 is the first argument of the
goal. Arguments above the arity refer to local variables. Fails silenyisfout of range.

prolog_choice attribute( +ChoicePoint, +Key, -Valug
Extract attributes of a choice-pointChoicePointis a reference to a choice-point as passed

to prolog _trace _interception/4 on the 3-th argumentKey specifies the requested
information:
parent
Requests a reference to the first older choice-point.
frame
Requests a reference to the frame to which the choice-point refers.
type

Requests the type. Defined values atause (the goal has alternative clauses),
foreign  (non-deterministic foreign predicatgdmp (clause internal choicepointpp
(first dummy choice-point)catch (catch/3  to allow for undo),debug (help the de-
bugger), omone (has been deleted).

This predicate is used for the graphical debugger to show the choicepoint stack.

deterministic(-Boolear)
Unifies its argument withrue if the clause in which is appears has not created any choice-
points since it was started. There are few realistic situations for using this predicate. It is used
by theprolog/0  toplevel to check whether Prolog should prompt the user for alternatives.
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B.2

Intercepting the Tracer

prolog_trace_interception(+Port, +Frame, +Choice, -Actioh

Dynamic predicate, normally not defined. This predicate is called from the SWI-Prolog debug-
ger just before it would show a port. If this predicate succeeds the debugger assumes the trace
action has been taken care of and continues execution as descridetidty Otherwise the

normal Prolog debugger actions are performed.

Port denotes the reason to activate the tracer (‘port’ in the 4/5-port, but with some additions:

call
Normal extry through the call-port of the 4-port debugger.

redo
Normal extry through the call-port of the 4-port debugger. Tdoo port signals resum-
ing a predicate to generate alternative solutions.

unify
The unify-port represents theeckinstruction, signalling the end of the head-matching
process. This port is normally unvisible. Seash/1  andvisible/1

exit
The exit-port signals the goal is proved. It is possible for the goal to have alternative. See
prolog _frame _attribute/3 to examine the goal-stack.

fail
The fail-port signals final failure of the goal.

exceptionExcep}
An exception is raised and still pending. This port is activated on each parent frame of
the frame generating the exception until the exception is caught or the user restarts normal
computation usingetry . Exceptis the pending exception-term.

break(PC)
A break instruction is executed?Cis program counter. This port is used by the graphi-
cal debugger.

cut_call(PC)
A cut is encountered ®C. This port is used by the graphical debugger. to visualise the
effect of the cut.

cut_exit(PC)
A cut has been executed. Sag _call (PC) for more information.

Frame is a reference to the current local stack frame, which can be examined using
prolog _frame _attribute/4 . Choiceis a reference to the last choice-point and can be
examined usingrolog _choice _attribute/3 . Actionshould be unified with one of the
atomscontinue  (just continue executionjetry  (retry the current goal) deil ~ (force the
current goal to fail). Leaving it a variable is identicaldontinue

Together with the predicates described in secticdd® and the other predicates of this chapter

this predicate enables the Prolog user to define a complete new debugger in Prolog. Besides
this it enables the Prolog programmer monitor the execution of a program. The example below
records all goals trapped by the tracer in the database.
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prolog_trace_interception(Port, Frame, _PC, continue) :-
prolog_frame_attribute(Frame, goal, Goal),
prolog_frame_attribute(Frame, level, Level),
recordz(trace, trace(Port, Level, Goal)).

To trace the execution of ‘go’ this way the following query should be given:

?- trace, go, notrace.

prolog_skip_level(-Old, +New)
Unify Old with the old value of ‘skip level' and than set this level accordindN\ten New is
an integer, or the special atovery _deep (meaning don't skip). The ‘skip level’ is a global
variable of the Prolog system that disables the debugger on all recursion levels deeper than the
level of the variable. Used to implement the trace options ‘skip’ (sets skip level to the level of
the frame) and ‘up’ (sets skip level to the level of the parent frame (i.e., the level of this frame
minus 1).

B.3 Hooks using theexception/3  predicate

This section describes the predicateeption/3 , which may be defined by the user in the module
user as a multifile predicate. Unlike the name suggests, this is actuddtyolpredicate. Excep-
tions are handled by the ISO predicatedéch/3 andthrow/1 . They all frames created after the
matchingcatch/3  to be discarded immediately.

The predicateexception/3 is called by the kernel on a couple of events, allowing the user to
alter the behaviour on some predefined events.

exception@-Exception, +Context, -Action
Dynamic predicate, normally not defined. Called by the Prolog system on run-time excep-
tions that can be repaired ‘just in time’. Currendyception/3  is only used for trapping
undefined predicates. The values Etceptionare described below. See alsatch/3 and
throw/1

undefined predicate

If Exceptionis undefined _predicate  Contextis instantiated to a terrNaméeArity.
Name refers to the name andirity to the arity of the undefined predicate.

If the definition module of the predicate is natser Context will be of the
form (Module: (Name/ (Arity).  If the predicate fails Prolog will generate an
esistence _error exception. If the predicate succeeds it should instantiate the last
argument either to the atofail  to tell Prolog to fail the predicate, the ataetry to

tell Prolog to retry the predicate error to make the system generate an exception. The
actionretry  only makes sense if the exception handler has defined the predicate.

B.4 Hooks for integrating libraries

Some libraries realise an entirely new programming paradigm on top of Prolog. An example is XPCE
which adds an object-system to Prolog as well as an extensive set of graphical primitives. SWI-Prolog
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provides several hooks to improve the integration of such libraries. See also sedtion editing
hooks and sectiod.9.3for hooking into the message system.

prolog_list_goal(:Goal)
Hook, normally not defined. This hook is called by the 'L’ command of the tracer in the module
user tolistthe currently called predicate. This hook may be defined to list only relevant clauses
of the indicatedGoal and/or show the actual source-code in an editor. Seepaldoay/1
andmultifile/1

prolog:debug_control _hook(:Action)
Hook for the debugger-control predicates that allows the creator of more high-level program-
ming languages to use the common front-end predicates to control de debugger. For example,
XPCE uses these hooks to allow for spying methods rather then predidateEmis one of:

spy(Speg
Hook inspy/1 . If the hook succeedspy/1 takes no further action.

nospy(Speg
Hook in nospy/1 . If the hook succeedspy/1 takes no further action. Kpy/l is

hooked, it is advised to place a complementary hooktspy/1 .

nospyall
Hook innospyall/0 . Should remove all spy-points. This hook is called in a failure-
driven loop.

debugging
Hook in debugging/0 . It can be used in two ways. It can report the status of the

additional debug-points controlled by the above hooks and falil to let the system report the
others or it succeed, overruling the entire behaviowtaifugging/0

prolog:help_hook(+Action)
Hook intohelp/0 andhelp/1 . If the hook succeeds, the built-in actions are not executed.
For example?- help(picture). is caught by the XPCE help-hook to give help on the
classpicture Defined actions are:

help
User entered plaihelp/0  to give default help. The default performelp(help/1) ,
giving help on help.

help(Wha
Hook inhelp/1  on the topicWhat

apropos(Whaj
Hook inapropos/1  on the topicWhat

B.5 Hooks for loading files

All loading of source-files is achieved lbyad _files/2 . The hookprolog _load file/2  can
be used to load Prolog code from non-files or even load entirely different information, such as foreign
files.
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user:prolog_load. file(+Spec, +Optiony
Load a single object. If this call succeettsad _files/2 assumes the action has been taken
care of. This hook is only called ®ptionsdoes not contain thetream (Input) option.

Thehttp _load provides an example, loading Prolog sources directly from an HTTP server.

B.6 Readline Interaction

The following predicates are available ¢urrent _prolog _flag(readline, true) suc-
ceeds. They allow for direct interaction with the GNU readline library. Seerabdline(  3)

rl _read.init file(+File)
Read a readline initialisation file. Readline by default réadsputrc . This predicate may
be used to read alternative readline initialisation files.

rl _add_history(+Line)
Add a line to the Control-P/Control-N history system of the readline library.
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anonymous [variable]

The variable_is called theanonymousariable. Multiple occurrences ofin a singletermare
not shared

arguments
Arguments ardermsthat appear in @ompound term Al and a2 are the first and second
argument of the terrmyterm (A1, a2.

arity
Argument count (is number of arguments) af@mpound term

assert

Add aclauseto apredicate Clauses can be added at either end of the clause-ligpfthcate
Seeassert/l  andassertz/1

atom
Textual constant. Used as name ompounderms, to represent constants or text.

backtracking
Searching process used by Prolog. If a predicate offers mutfiglssedo solve agoal, they are
tried one-by-one until onsucceedslf a subsequent part of the prove is not satisfied with the
resultingvariable binding it may ask for an alternativeolution (= binding of the variableg,
causing Prolog to reject the previously chostauseand try the next one.

binding [of a variable]
Current value of th@ariable See alsdacktrackingandquery.

built-in [predicate]
Predicate that is part of the Prolog system. Built in predicates cannot be redefined by the user,
unless this is overruled usingdefine _system _predicate/1

body
Part of aclausebehind theneckoperator (- ).

clause
‘Sentence’ of a Prolog program. élauseconsists of eheadandbodyseparated by theeck
operator (- ) oritis afact For example:

parent(X) :-
father(X, ).
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Expressed “X is a parent if X is a father of someone”. See asmble andpredicate

compile
Process where a Prolpgogramis translated to a sequence of instructions. Seeialetpreted
SWiI-Prolog always compiles your program before executing it.

compound [term]
Also calledstructure It consists of a name followed by argumentseach of which aréerms
N is called thearity of the term.

context module
If a termis referring to apredicatein a module the context modulés used to find the target
module. The context module ofgoal is the module in which theredicateis defined, unless
this predicateis module transparentin which case theontext modulés inherited from the
parentgoal See alsanodule _transparent/1

dynamic [predicate]
A dynamicpredicate is a predicate to whichausesmay beasseréd and from whictclauses
may beretracted while the program is running. See aigmate view

exported [predicate]
A predicateis said to beexportedfrom a moduleif it appears in thepublic list This im-
plies that the predicate can baportedinto another module to make it visible there. See also
use _module/[1,2]

fact
Clausewithout abody This is called a fact because interpreted as logic, there is no condition
to be satisfied. The example below stgtédm is a person.
person(john).

fall
A goalis said to haved failed if it could not hgroven

float
Computers cripled representation of a real number. Represented as ‘IEEE double’.

foreign
Computer code expressed in other languages than Prolog. SWI-Prolog can only cooperate
directly with the C and C++ computer languages.

functor
Combination of name anakity of acompounderm. The ternfoo (a, b, g is said to be a term
belonging to the functdioo/3 . foo/0 is used to refer to thatomfoo .

goal

Question stated to the Prolog engine.géal is either anatomor a compounderm. A goal
succeeds, in which case thariablesin the compounderms have dinding or fails if Prolog
fails to prove thegoal.

SWI-Prolog 5.4 Reference Manual



265

hashing
Indexingtechnique used for quick lookup.

head
Part of aclausebefore theneckinstruction. This is an atom @ompounderm.

imported [predicate]
A predicateis said to beamportedinto amoduleif it is defined in anothemoduleand made
available in thismodule See also chaptér

indexing
Indexing is a technique used to quickly select candidtdasesof a predicatefor a specific
goal. In most Prolog systems, including SWI-Prolog, indexing is done on thediigestment
of the head If this argument is instantiated to atom integer, float or compounderm with
functor, hashingis used quickly select attlausesof which the first argument maynify with
the first argument of thgoal.

integer
Whole number. On most current machines, SWI-Prolog integers are represented
as ‘32-bit signed values’, ranging from -2147483648 to 2147483647. See also
current _prolog _flag/2

interpreted
As opposed tacompiled interpreted means the Prolog system attempts to prayeahby
directly reading thelausesather than executing instructions from an (abstract) instruction set
that is not or only indirectly related to Prolog.

meta predicate
A predicatethat reasons about othpredicates either by calling them, (re)defining them or
queryingproperties

module
Collection of predicates. Each module defines a name-space for predimaites predicates
are accessible from all modules. Predicates can be publisiipdrted andimportedto make
their definition available to other modules.

module transparent [predicate]
A predicatethat does not change tlegentext moduleSometimes also calledraeta predicate

multifile [predicate]
Predicate for which the definition is distributed over multiple source-files. See
multi  _file/1

neck
Operator (- ) separatindneadfrom bodyin a clause

operator
Symbol @tom) that may be placed before itgperant (prefix), after itsoperant(postfix) or
between its twmperantg(infix).

In Prolog, the expressiaatb is exactly the same as the canonical terta,b)
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operant
Argumentbf anoperator.

precedence
The priority of an operator ~ Operator precedence is used to interpegtb*c as
+(@, *(b,c))

predicate
Collection ofclauseswith the samdunctor (nameérity). If a goalis proved, the system looks
for a predicatewith the same functor, then us@twlexingto select candidatelausesand then
tries theselausesone-by-one. See aldmcktracking

priority
In the context obperatorsa synonym foiprecedence

program
Collection ofpredicates

property
Attribute of an object. SWI-Prolog defines varioupropertypredicates to query the status of
predicates, clauses. etc.

prove
Process where Prolog attempts to prowpiaryusing the availableredicates

public list
List of predicatesexported from anodule

query
Seegoal

retract
Remove alausefrom apredicate See alsalynamic update viewandassert

shared
Two variablesare calledsharedafter they araunified This implies if either of them i®ound
the other is bound to the same value:

?-A =B, A=a

A = a,
B =a

singleton [variable]
Variableappearing only one time indause SWI-Prolog normally warns for this to avoid you
making spelling mistakes. If a variable appears on purpose only once in a clause, write it as
(seeanonymoujsor make sure the first character is aSee also thetyle _check/1 option
singletons

solution
Bindingsresulting from a successfullyroven goal.
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structure
Synonym forcompounderm.

string
Used for the following representations of text: a packed array (see secH@nSWI-Prolog
specific), a list of character codes or a list of one-charattans

succeed
A goalis said to havesucceedeif it has beerproven

term
Value in Prolog. Atermis either avariable atom integer, float ocompounderm. In addition,
SWiI-Prolog also defines the tygéing

transparent
Seemodule transparent

unify
Prolog process to make two terms equal by assigning variables in one term to values at the
corresponding location of the other term. For example:

?- foo(a, B) = foo(A, b).

A = a,
B=>Db

Unlike assignment (which does not exist in Prolog), unification is not directed.

update view
How Prolog behaves whendynamic predicatés changed while it is running. There are two
models. In most older Prolog systems the change becomes immediately visibleytmthie
modern systems including SWI-Prolog, the runngmalis not affected. Only newoals'see’
the new definition.

variable
A Prolog variable is a value that ‘is not yet bound’. Afteinding a variable, it cannot be
modified. Backtrackingto a point in the execution before the variable was bound will turn it
back into a variable:

?-A=Dhb A=c

No

?- (A = b; true; A = ¢).
A =Db;

A = (G283 ;

A =c;

No

See alsanify.
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SWI-Prolog License Conditions
and Tools

SWI-Prolog licensing aims at a large audience, combining ideas from the Free Software Foundation
and the less principal Open Source Initiative. The license aims at:

e Make SWI-Prolog itself and its libraries are ‘As free as possible’.
o Allow for easy integration of contributions. See section.
e Free software can build on SWI-Prolog without limitations.

e Non-free (open or proprietary) software can be produced using SWI-Prolog, although con-
tributed pure GPL-ed components cannot be used.

To achieve this, different parts of the system have different licenses. SWI-Prolog programs con-
sists of a mixture of ‘native’ code (source compiled to machine instructions) and ‘virtual machine’
code (Prolog source compiled to SWI-Prolog virtual machine instructions, covering both compiled
SWI-Prolog libraries and your compiled application).

For maximal coherence between free licenses, we start with the two prime licenses from the Free
Software Foundation, the GNU General Public License (GPL) and the Lesser GNU General Public
License (LGPL), after which we add a proven (used by the GNU-C compiler runtime library as well
as the GNWClassPatlproject) exception to deal with the specific nature of compiled virtual machine
code in a saved state.

D.1 The SWI-Prolog kernel and foreign libraries

The SWI-Prolog kernel and our foreign libraries are distributed unddr@#l . A Prolog executable
consists of the combination of these ‘native’ code components and Prolog virtual machine code. The
SWiI-Prologplrc utility allows for disassembling and re-assembling these parts, a process satisfying
article 6b of the LGPL.

Under the LGPL SWI-Prolog can be linked to code distributed under arbitrary licenses, provided
a number of requirements are fullfilled. The most important requirement is that, if an application
replies on anodifiedversion of SWI-Prolog, the modified sources must be made available.

D.1.1 The SWI-Prolog Prolog libraries

Lacking a satisfactory technical solution to handle art&td the LGPL, this license cannot be used

for the Prolog source code that is part of the SWI-Prolog system (both libraries and kernel code). This
situation is comparable tiibgcc |, the runtime library used with the GNU C-compiler. Therefore,

we use the same proven license terms as this library. The libgcc license is the with a special exception.
Below we rephrased this exception adjusted to our needs:
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As a special exception, if you link this library with other files, compiled with a Free
Software compiler, to produce an executable, this library does not by itself cause the
resulting executable to be covered by the GNU General Public License. This exception
does not however invalidate any other reasons why the executable file might be covered
by the GNU General Public License.

D.2 Contributing to the SWI-Prolog project

To achieve maximal coherence using SWI-Prolog for Free and Non-Free software we advice the use
of the LGPL for contributed foreign code and the use of the GPL with SWI-Prolog exception for
Prolog code for contributed modules.

As a rule of thumb it is advised to use the above licenses whenever possible and only use a strict
GPL compliant license only if the module contains other code under strict GPL compliant licenses.

D.3 Software support to keep track of license conditions

Given the above, it is possible that SWI-Prolog packages and extensions will rely on the TBeL.
predicates below allow for registering license requirements for Prolog files and foreign modules. The
predicateeval _license/0  reports which components from the currenly configured system are dis-
tributed under copy-left and open source enforcing licenses (the GPL) and therefore must be replaced
before distributing linked applications under non-free license conditions.

evallicense
Evaluate the license conditions of all loaded components. If the system contains one or more
components that are licenced under GPL-like restrictions the system indicates this program may
only be distributed under th@PLlicense as well as which components prohibit the use of other
license conditions.

licenseftLicenseld, +Componet
Register the fact thaComponenis distributed under a license identified hicenseld The
most important.icenselds are:

swipl
Indicates this module is distributed under the GNU General Public License (GPL) with
the SWI-Prolog exception:

As a special exception, if you link this library with other files, compiled with
SWiI-Prolog, to produce an executable, this library does not by itself cause the
resulting executable to be covered by the GNU General Public License. This
exception does not however invalidate any other reasons why the executable file
might be covered by the GNU General Public License.

10n the Unix version, the default toplevel uses the GNU readline library for command-line editing. This library is
distributed under the GPL. In practice this problem is small as most final applications have Prolog embedded, without direct
access to the commandline and therefore without neelibfeadline

2This exception is a straight re-phrasing of the license usetitfigec , the GNU-C runtime library facing similar
technical issues.
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This should be the default for software contributed to the SWI-Prolog project as it allows
the community to prosper both in the free and non-free world. Still, people using SWI-
Prolog to create non-free applications must contribute sources to improvements they make
to the community.

Igpl
This is the default license for foreign-libraries linked with SWI-Prolog.  Use
PL_license() to register the condition from foreign code.

gpl
Indicates this module is strictly Free Software, which implies it cannot be used together
with any module that is incompatible to the GPL. Please only use these conditions when
forced by other code used in the component.

Other licenses known to the system agmile , gnu_ada, x11, expat , sml,
public _domain , cryptix , bsd, zlib , constlgplcompatible andypl _.compatible

New licenses can be defined by adding clauses for the multifile predicate
license:license/3 . Below is an example. The second argument is eitjdr or

Igpl to indicate compatibility to these licenses. Other values cause the license to inter-
preted agroprietary. Proprietary licenses are reported é&yal _license/0 . See the file
boot/license.pl for details.

- multifile license:license/3.

license:license(mylicense, Igpl,
[ comment('My personal license”),
urlChttp://www.mine.org/license.html’)

D

.- license(mylicense).

licenseLicenseld
Intented as a directive in Prolog source files. It takes the current filename and calls
license/2

void PL _licensdconst char *Licenseld, const char *Compongent
Intended for the install() procedure of foreign libraries. This call can be nimdere
PL_initialise()
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Summary

E.1 Predicates

The predicate summary is used by the Prolog prediaptepos/1
keyword.

to suggest predicates from a

/0 Cut (discard choicepoints)

11 Cut block. Sedlock/3

#>/2 Greater than constraint

#</2 Less than constraint

#>=/2 Greater or equal constraint
#=</2 Less of equal constraint

#\= /2 Non-equal constraint

#=/2 Equality constraint

#<=>/2 Constraint equivalence

#<=/2 Constraint implication to the left
#=>/2 Constraint implication to the right
, 12 Conjunction of goals

-> /2 If-then-else

*> [2 Soft-cut

.12 Consult. Also list constructor
;12 Disjunction of goals. Same #2
</2 Arithmetic smaller

=/2 Unification

=. /2 “Univ.” Term to list conversion
== /2 Arithmetic equal

=</2 Arithmetic smaller or equal
==/2 Identical

=@%2 Structural identical

=\=/2 Arithmetic not equal

>/[2 Arithmetic larger

>=/2 Arithmetic larger or equal

?=/2 Test of terms can be compared now
@42 Standard order smaller

@=+«2 Standard order smaller or equal
@2 Standard order larger

@>%2 Standard order larger or equal
\+ /1 Negation by failure. Same ast/1

\=/2 Not unifyable
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\==/2

\=@=/2

"2

| 12

abolish/1
abolish/2

abort/0
absolutefile_name/2
absolutefile_name/3
accesdile/2
add.importmodule/3
all_different/1
append/1

apply/2

apropos/1

arg/3
arithmeticfunction/1
assert/1

assert/2

asserta/l
asserta/2
assertz/1
assertz/2
assume/l
attachconsole/0
attr_unify_hook/2
attr_portray hook/2
attvar/1

at end.of_stream/0
atendof_stream/1
at halt/1
at.initialization/1
atom/1
atomchars/2
atomcodes/2
atomlength/2
atomprefix/2
atomnumber/2
atomto_term/3
atomic/1
autoload/O
b_getval/2
b_setval/2

bagof/3
between/3

block/3

break/0

Not identical
Not structural identical
Existential quantificationb@gof/3 , setof/3 )
Disjunction of goals. Same a2
Remove predicate definition from the database
Remove predicate definition from the database
Abort execution, return to top level
Get absolute path name
Get absolute path name with options
Check access permissions of a file
Add module to the auto-import list
Constraint all values to be unique
Append to a file
Call goal with additional arguments
online _help Search manual
Access argument of a term
Register an evaluable function
Add a clause to the database
Add a clause to the database, give reference
Add a clause to the database (first)
Add a clause to the database (first)
Add a clause to the database (last)
Add a clause to the database (last)
Make assertions about your program
Attach I/O console to thread
Attributed variable unification hook
Attributed variable print hook
Type test for attributed variable
Test for end of file on input
Test for end of file on stream
Register goal to run aalt/1
Register goal to run at start-up
Type check for an atom
Convert between atom and list of characters

Convert between atom and list of characters codes

Determine length of an atom
Test for start of atom

Convert between atom and humber
Convert between atom and term
Type check for primitive

Autoload all predicates now

Fetch backtrackable global variable
Assign backtrackable global variable
Find all solutions to a goal

Integer range checking/generating
Start a block (‘catch’/‘throw’)

Start interactive toplevel
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call/a

call/[2..]
call_cleanup/3
call_cleanup/2

call_sharedobjectfunction/2

call_with_depthlimit/3
callable/1

catch/3

charcode/2
char.conversion/2
chartype/2
charactercount/2
chdir/1
chr_showstore/1
chr_trace/0
chr_notrace/0
chrleash/1

clause/2

clause/3
clauseproperty/2
close/l

close/2
closeddeconversation/1
closesharedobject/1
compare/3

compile predicates/1
compiling/0
compound/1
atomconcat/3
codetype/2
concatatom/2
concatatom/3
consult/1
contextmodule/l
converttime/8
converttime/2
copy.streamdata/2
copy.streamdata/3
copy.term/2

currentarithmeticfunction/1

currentatom/1
currentblob/2
currentcharconversion/2
currentflag/1
currentforeign.library/2

currentformat predicate/2

currentfunctor/2

Call a goal
Call with additional arguments
Guard a goal with a cleaup-handler
Guard a goal with a cleaup-handler
UNIX: Call C-function in shared (.so) file
Prove goal with bounded depth
Test for atom or compound term
Call goal, watching for exceptions
Convert between character and character code
Provide mapping of input characters
Classify characters
Get character index on a stream
Compatibility: change working directory
List suspended CHR constraints
Start CHR tracer
Stop CHR tracer
Define CHR leashed ports
Get clauses of a predicate
Get clauses of a predicate
Get properties of a clause
Close stream
Close stream (forced)
Win32: Close DDE channel
UNIX: Close shared library (.so file)
Compare, using a predicate to determine the order
Compile dynamoc code to static
Is this a compilation run?
Test for compound term
Append two atoms
Classify a character-code
Append a list of atoms
Append a list of atoms with separator
Read (compile) a Prolog source file
Get context module of current goal
Break time stamp into fields
Convert time stamp to string
Copy all data from stream to stream
Copy n bytes from stream to stream
Make a copy of a term
Examine evaluable functions
Examine existing atoms
Examine typed blobs
Query input character mapping
Examine existing flags
shlib  Examine loaded shared libraries (.so files)
Enumerate user-defined format codes
Examine existing name/arity pairs
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currentinput/1
currentkey/1
currentmodule/1
currentmodule/2
currentmutex/3
currentop/3
currentoutput/1
currentpredicate/1
currentpredicate/2
currentsignal/3
currentstream/3
currentthread/2

dde currentconnection/2
ddecurrentservice/2
ddeexecute/2
dderegisterservice/2
dderequest/3
ddepoke/3
ddeunregisterservice/l
debug/0

debug/1

debug/3
debugcontrolLhook/1
debugging/0
debugging/1
defaultmodule/2

del attr/2
deletedirectory/1
deletefile/1
deleteimport module/2
deterministic/1

dif/2

discontiguous/1
downcaseatom/2
duplicateterm/2
dwim_match/2
dwim_match/3
dwim_predicate/2
dynamic/1

edit/0

edit/1
ensureloaded/1
erase/l
evallicense/0
exception/3
existsdirectory/1
existsfile/1

Get current input stream
Examine existing database keys
Examine existing modules
Examine existing modules
Examine existing mutexes
Examine current operator declarations
Get the current output stream
Examine existing predicates (ISO)
Examine existing predicates
Current software signal mapping
Examine open streams
Examine Prolog threads
Win32: Examine open DDE connections
Win32: Examine DDE services provided
Win32: Execute command on DDE server
Win32: Become a DDE server
Win32: Make a DDE request
Win32: POKE operation on DDE server
Win32: Terminate a DDE service
Test for debugging mode
Select topic for debugging
Print debugging message on topic
(hook) Extendpy/l , etc.
Show debugger status
Test where we are debugging topic
Get the default modules of a module
Delete attribute from variable
Remove a folder from the file system
Remove a file from the file system
Remove module from import list
Test deterministicy of current clause
Contrain two terms to be different
Indicate distributed definition of a predicate
Convert atom to lower-case
Create a copy of aterm
Atoms match in “Do What | Mean” sense
Atoms match in “Do What | Mean” sense
Find predicate in “Do What | Mean” sense
Indicate predicate definition may change
Edit current script- or associated file
Edit a file, predicate, module (extensible)
Consult a file if that has not yet been done
Erase a database record or clause
Evaluate licenses of loaded modules
(hook) Handle runtime exceptions
Check existence of directory
Check existence of file
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exit/2
expandanswer/2
expandfile_name/2
expandfile_searchpath/2
expandgoal/2
expandquery/4
expandterm/2
explain/1

explain/2

export/1
exportlist/2

fail/O

fail/1

currentprolog flag/2
file_basename/2
file_directory name/2
file_nameextension/3
file_searchpath/2
fileerrors/2

findall/3

flag/3

float/1
flush.output/O
flush.output/1
forall/2

format/1

format/2

format/3

format predicate/2
term.variables/2
term.variables/3
freeze/2

frozen/2

functor/3
garbagecollect/O
garbagecollectatoms/0
gensym/2

get/l

get/2

get0/1

get0/2

getattr/3

getattrs/2
getbyte/1
getbyte/2
getchar/l
getchar/2

Exit from named block. Sddock/3

Expand answer of query

Wildcard expansion of file names

Wildcard expansion of file paths

Compiler: expand goal in clause-body
Expanded entered query

Compiler: expand read term into clause(s)
explain  Explain argument
explain  2nd argument is explanation of first
Export a predicate from a module

List of public predicates of a module
Always false
Immediately fail named block. Sddock/3

Get system configuration parameters

Get file part of path

Get directory part of path

Add, remove or test file extensions

Define path-aliases for locating files
Do/Don’t warn on file errors

Find all solutions to a goal

Simple global variable system

Type check for a floating point number
Output pending characters on current stream
Output pending characters on specified stream
Prove goal for all solutions of another goal
Formatted output

Formatted output with arguments

Formatted output on a stream

Prograriormat/[1,2]

Find unbound variables in a term

Find unbound variables in a term

Delay execution until variable is bound
Query delayed goals on var

Get name and arity of a term or construct a term
Invoke the garbage collector

Invoke the atom garbage collector

Generate unigue atoms from a base

Read first non-blank character

Read first non-blank character from a stream
Read next character

Read next character from a stream

Fetch named attribute from a variable

Fetch all attributes of a variable

Read next byte (1SO)

Read next byte from a stream (ISO)

Read next character as an atom (ISO)

Read next character from a stream (ISO)
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getcode/l Read next character (ISO)
getcode/2 Read next character from a stream (ISO)
getsinglechar/1 Read next character from the terminal
gettime/1 Get current time
getenv/2 Get shell environment variable
goalexpansion/2 Hook for macro-expanding goals
ground/1 Verify term holds no unbound variables
guitracer/0 Install hooks for the graphical debugger
halt/0 Exit from Prolog
halt/1 Exit from Prolog with status
hash/1 Index predicate using a hash-table
hashterm/2 Hash-value of ground term
help/0 Give help on help
help/1 Give help on predicates and show parts of manual
help.hook/1 (hook) User-hook in the help-system
ignore/l Call the argument, but always succeed
import/1 Import a predicate from a module

import module/2
in/2

include/1
index/1
initialization/1
int_to_atom/2
int_to_atom/3
integer/1
interactor/0

is/2

is_absolutefile_name/1

is_list/1

keysort/2

label/l

last/2

leash/1

length/2
library_directory/1
license/l

license/2

limit _stack/2
line_count/2
line_position/2
list_debugtopics/O
list_to_set/2

listing/0

listing/1

load files/2

load foreign library/1
load foreign.library/2

Query import modules

Define interval for variable

Include a file with declarations

Change clause indexing

Initialization directive

Convert from integer to atom

Convert from integer to atom (non-decimal)
Type check for integer

Start new thread with console and toplevel
Evaluate arithmetic expression

True if arg defines an absolute path
Type check for a list

Sort, using a key

Solve constraints for variables

Last element of a list

Change ports visited by the tracer
Length of a list

(hook) Directories holding Prolog libraries
Define license for current file

Define license for named module

Limit stack expansion

Line number on stream

Character position in line on stream

List registered topics for debugging
Remove duplicates from a list

List program in current module

List predicate

Load source files with options
shlib  Load shared library (.so file)
shlib  Load shared library (.so file)

SWI-Prolog 5.4 Reference Manual



E.1. PREDICATES

277

make/0
makedirectory/1
makefat filemap/1
makelibrary_index/1
makelibrary_index/2
maplist/2

maplist/3

maplist/4
memberchk/2
merge/3
mergeset/3
messagdiook/3
messageajueuecreate/1
messagajueuedestroy/1
messagdo_string/2
metapredicate/1
module/1

module/2
moduletransparent/1
msort/2

multifile/1

mutex create/1
mutexdestroy/1
mutexlock/1

mutex statistics/O
mutextrylock/1
mutex unlock/1
mutex unlockall/O
name/2
nb_current/2
nb_delete/1
nb_getval/2
nb_linkarg/3
nb_linkval/2
nb_setarg/3
nb_setval/2

nl/0

ni/1

nodebug/0
nodebug/1
noguitracer/0
nonvar/1

noprofile/1
noprotocol/0
nospy/1

nospyall/O

not/1

Reconsult all changed source files
Create a folder on the file system
Win32: Create file containing non-FAT filenames
Create autoload file INDEX.pl
Create selective autoload file INDEX.pl
Apply predicate on all elements
Map elements pairwise
Map triples of elements
Deterministimember/2
Merge two sorted lists
Merge two sorted sets
Intercepprint _message/2
Create queue for thread communication
Destroy queue for thread communication
Translate message-term to string
Quintus compatibility
Query/set current type-in module
Declare a module
Indicate module based meta predicate
Sort, do not remove duplicates
Indicate distributed definition of predicate
Create a thread-synchronisation device
Destroy a mutex
Become owner of a mutex
Print statistics on mutex usage
Become owner of a mutex (non-blocking)
Release ownership of mutex
Release ownership of all mutexes
Convert between atom and list of character codes
Enumerate non-backtrackable global variables
Delete a non-backtrackable global variable
Fetch non-backtrackable global variable
Non-backtrackable assignment to term
Assign non-backtrackable global variable
Non-backtrackable assignment to term
Assign non-backtrackable global variable
Generate a newline
Generate a newline on a stream
Disable debugging
Disable debug-topic
Disable the graphical debugger
Type check for bound term
Hide (meta) predicate for the profiler
Disable logging of user interaction
Remove spy point
Remove all spy points
Negation by failure (argument not provable). Same-As
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notrace/0 Stop tracing
notrace/1 Do not debug argument goal
nth_clause/3 N-th clause of a predicate
number/1 Type check for integer or float
numberchars/2 Convert between number and one-char atoms
numbercodes/2 Convert between number and character codes
numbervars/3 Number unbound variables of a term
numbervars/4 Number unbound variables of a term
on.signal/3 Handle a software signal
once/l Call a goal deterministically
op/3 Declare an operator
open/3 Open afile (creating a stream)
open/4 Open afile (creating a stream)

openddeconversation/3
opennull_stream/1
openresource/3
opensharedobject/2
opensharedobject/3
pcedispatch/1
pcecall/l
peekbyte/1l
peekbyte/2
peekchar/l
peekchar/2
peekcode/1l
peekcode/2
phrase/2

phrase/3

please/3

plus/3

portray/1

portray clause/1l
portray.clause/2
predicateproperty/2
predsort/3
preprocessor/2
print/1

print/2

print message/2
print nessagdines/3
profile/1

profile/3
profile_.count/3
profiler/2

prolog/0

prolog choiceattribute/3
prolog currentframe/1

Win32: Open DDE channel
Open a stream to discard output
Open a program resource as a stream
UNIX: Open shared library (.so file)
UNIX: Open shared library (.so file)
Run XPCE GUI in seperate thread
Run goal in XPCE GUI thread
Read byte without removing
Read byte without removing
Read character without removing
Read character without removing
Read character-code without removing
Read character-code without removing
Activate grammar-rule set
Activate grammar-rule set (returning rest)
Query/change environment parameters
Logical integer addition
(hook) Modify behaviour girint/1
Pretty print a clause
Pretty print a clause to a stream
Query predicate attributes
Sort, using a predicate to determine the order
Install a preprocessor before the compiler
Print a term
Print a term on a stream
Print message from (exception) term
Print message to stream
Obtain execution statistics
Obtain execution statistics
Obtain profile results on a predicate
Obtain/change status of the profiler
Run interactive toplevel
Examine the choice-point stack
Reference to goal’s environment stack
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prolog edit:locate/2
prolog edit:locate/3
prolog edit:editsource/1
prolog edit:editcommand/2
prolog edit:load/0
prologfile_type/2
prolog frame attribute/3
prologide/1

prolog list_goal/1
prologload context/2
prolog load file/2
prologskip_level/2
prolog to_os filename/2
prolog traceinterception/4
promptl/1

prompt/2

protocol/l

protocola/l
protocolling/1

put/1

put/2

putattr/3

put.attrs/2

put byte/1

put byte/2

putchar/l

put.char/2

put.code/l

put.code/2

gcompile/l
gsaveprogram/1
gsaveprogram/2
read/1

read/2

readclause/1
readclause/2
readhistory/6
readlink/3
readpendinginput/3
readterm/2
readterm/3

recorda/2

recorda/3

recorded/2

recorded/3

recordz/2

recordz/3

Locate targets fedit/1
Locate targets fedit/1
Call editor foedit/1
Specify editor activation
Loackedit/l  extensions
Define meaning of file extension
Obtain information on a goal environment
Program access to the development enviroment
(hook) Intercept tracer 'L’ command
Context information for directives
(hook) Prograntoad _files/2
Indicate deepest recursion to trace
Convert between Prolog and OS filenames
user Intercept the Prolog tracer
Change prompt for 1 line
Change the prompt usedread/1
Make a log of the user interaction
Append log of the user interaction to file
On what file is user interaction logged
Write a character
Write a character on a stream
Put attribute on a variable
Set/replace all attributes on a variable
Write a byte
Write a byte on a stream
Write a character
Write a character on a stream
Write a character-code
Write a character-code on a stream
Compile source to Quick Load File
Create runtime application
Create runtime application
Read Prolog term
Read Prolog term from stream
Read clause
Read clause from stream
Read using history substitution
Read a symbolic link
Fetch buffered input from a stream
Read term with options
Read term with options from stream
Record term in the database (first)
Record term in the database (first)
Obtain term from the database
Obtain term from the database
Record term in the database (last)
Record term in the database (last)
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redefinesystempredicate/l  Abolish system definition
reloadlibrary_index/0 Force reloading the autoload index

renamefile/2

Change name of file

repeat/0 Succeed, leaving infinite backtrack points
require/1 This file requires these predicates
resetprofiler/0 Clear statistics obtained by the profiler
resource/3 Declare a program resource

retract/1 Remove clause from the database
retractall/1 Remove unifying clauses from the database
samefile/2 Succeeds if arguments refer to same file
see/l Change the current input stream
seeing/1 Query the current input stream

seek/4 Modify the current position in a stream
seen/0 Close the current input stream

setinput/1 Set current input stream from a stream
setoutput/1 Set current output stream from a stream
setprolog|0/3 Prepare streams for interactive session
setprolog flag/2 Define a system feature

setstream/2 Set stream attribute

setstreamposition/2

Seek stream to position

settty/2 Set ‘tty’ stream

setarg/3 Destructive assignment on term
setenv/2 Set shell environment variable
setof/3 Find all unique solutions to a goal
sformat/2 Format on a string

sformat/3 Format on a string

shell/O Execute interactive subshell
shell/1 Execute OS command

shell/2 Execute OS command

show profile/1
show profile/2

Show results of the profiler
Show results of the profiler

sizefile/2 Get size of a file in characters
skip/1 Skip to character in current input
skip/2 Skip to character on stream

rl_add history/1
rl_readinit_file/1
sleep/1

sort/2
sourcefile/1
sourcefile/2

Add line to readline(3) history

Read readline(3) init file

Suspend execution for specified time
Sort elements in a list

Examine currently loaded source files
Obtain source file of predicate

sourcelocation/2 Location of last read term

spy/l Force tracer on specified predicate
stackparameter/4 Some systems: Query/Set runtime stack parameter
statistics/O Show execution statistics

statistics/2 Obtain collected statistics

streamproperty/2 Get stream properties

string/1

Type check for string
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string.concat/3
string length/2
string to_atom/2
string to_list/2
strip_-module/3
style.check/1
subhatom/5
sublist/3
suhstring/5
succ/2
swritef/2
swritef/3

tab/1

tab/2

tell/1

telling/1
term.expansion/2
termto_atom/2
threadat exit/1
threadcreate/3
threaddetach/1
threadexit/1

threadget message/1
threadget message/2

threadjoin/2
threadlocal/l

threadpeekmessage/1l
threadpeekmessage/2

threadself/1

threadsendmessage/2
threadsetconcurrency/2

threadsignal/2
threadstatistics/3
threads/0
throw/1

time/1

time_file/2
tmp_file/2

told/0

trace/0

trace/l

trace/2

tracing/0
trim_stacks/0
true/0
tty_get.capability/3
tty_goto/2

atom _concat/3 for strings
Determine length of a string
Conversion between string and atom
Conversion between string and list of character codes
Extract context module and term
Change level of warnings
Take a substring from an atom
Determine elements that meet condition
Take a substring from a string
Logical integer successor relation
Formatted write on a string
Formatted write on a string
Output number of spaces
Output number of spaces on a stream
Change current output stream
Query current output stream
(hook) Convert term before compilation
Convert between term and atom
Register goal to be called at exit
Create a new Prolog task
Make thread cleanup after completion
Terminate Prolog task with value
Wait for message
Wait for message in a queue
Wait for Prolog task-completion
Declare thread-specific clauses for a predicate
Test for message
Test for message in a queue
Get identifier of current thread
Send message to another thread
Number of active threads
Execute goal in another thread
Get statistics of another thread
List running threads
Raise an exception (seatch/3 )
Determine time needed to execute goal
Get last modification time of file
Create a temporary filename
Close current output
Start the tracer
Set trace-point on predicate
Set/Clear trace-point on ports
Query status of the tracer
Release unused memory resources
Succeed
Get terminal parameter
Goto position on screen
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tty _put/2
tty_size/2
ttyflush/0

unify_with_occurscheck/2

unifyable/3

unix/1

unknown/2
unloadforeignlibrary/1
unsetenv/1
upcaseatom/2
usemodule/1
usemodule/2

var/l

visible/1

volatile/1
wait_for_input/3
when/2
wildcard.match/2
win_exec/2
win_hasmenu/0
win_insertmenu/2
win_insertmenuitem/4
win_shell/2
win_shell/3
win_registry getvalue/3
win_window_pos/1
window._title/2
with_mutex/2
working directory/2
write/1

write/2

writeln/1
write_canonical/l
write_canonical/2
write_term/2
write_term/3
writef/1

writef/2

writeg/1

writeq/2

Write control string to terminal

Get row/column size of the terminal

Flush output on terminal

Logically sound unification

Determing binding required for unification
OS interaction

Trap undefined predicates
shlib  Detach shared library (.so file)

Delete shell environment variable
Convert atom to upper-case

Import a module

Import predicates from a module

Type check for unbound variable

Ports that are visible in the tracer
Predicates that are not saved

Wait for input with optional timeout
Execute goal when condition becomes true
Csh(1) style wildcard match

Win32: spawn Windows task

Win32: true if console menu is available
plwin.exe: add menu

plwin.exe: add item to menu

Win32: open document through Shell
Win32: open document through Shell
Win32: get registry value

Win32: change size and position of window
Win32: change title of window

Run goal while holding mutex
Query/change CWD
Write term
Write term to stream
Write term, followed by a newline

Write a term with quotes, ignore operators
Write a term with quotes, ignore operators on a stream
Write term with options

Write term with options to stream
Formatted write
Formatted write on stream

Write term, insert quotes

Write term, insert quotes on stream
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E.2 Library predicates

E.2.1 lists
append/3 Concatenate lists
delete/3 Delete all matching members from a list
flatten/2 Transform nested list into flat list
intersection/3  Set intersection
is_set/1 Type check for a set
list_to_set/2 Remove duplicates
member/2 Element is member of a list
nextto/3 Y follows X in List
nth0/3 N-th element of a list (0-based)
nthl/3 N-th element of a list (1-based)
numlist/3 Create list of integers in interval
permutation/2  Test/generate permutations of a list
reverse/2 Inverse the order of the elements in a list
select/3 Select element of a list
subset/2 Check subset relation for unordered sets
subtract/3 Delete elements that do not satisfy condition
sumlist/2 Add all numbers in a list
union/3 Union of two sets

E.2.2 check
check/0 Program completeness and consistency

list_undefined/0 List undefined predicates
list_autoload/0  List predicates that require autoload
list_redefined/0  List locally redefined predicates

E.2.3 readutil
readline_to_codes/2 Read line from a stream
readline_to_codes/3 Read line from a stream

readstreamto_codes/2 Read contents of stream
readstreamto_codes/3 Read contents of stream
readfile_to_codes/3 Read contents of file
readfile_to_terms/3 Read contents of file to Prolog terms

E.2.4 netscape
www_openurl/1l  Open a web-page in a browser
E.2.5 reqistry

registry getkey/2 Get principal value of key
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registry.getkey/3
registry setkey/2
registry setkey/3
registry deletekey/1

Get associated value of key
Set principal value of key
Set associated value of key
Remove a key

shellregisterfile_type/4 Register a file-type

shellregisterdde/6
shellregisterprolog/1

E.2.6 url

parseurl/2
parseurl/3
globalurl/3
http_location/2
www_form_encode/2

Register DDE action
Register Prolog

Analyse or construct a URL

Analyse or construct a relative URL

Make relative URL global

Analyse or construct location
Encode or decode form-data
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E.3 Arithmetic Functions

*[2

*% /2

+/2

-/11

-2

/12

1l 12

N /2
<</2
>>[2

.2

\/1

V /2

"2
abs/1
acos/1
asin/1
atan/1
atan/2
ceil/l
ceiling/1
cos/1
cputime/0
el0
exp/l
float/1
float fractionalpart/1
floatintegerpart/1
floor/1
integer/1
log/1
logl10/1
max/2
min/2
msb/1
mod/2
random/1
rem/2
round/1
truncate/1
pi/0
sign/1
sin/1
sqrt/l

Multiplication

Power function
Addition

Unary minus

Subtraction

Division

Integer division

Bitwise and

Bitwise left shift

Bitwise right shift

List of one character: character code
Bitwise negation

Bitwise or
Power function

Absolute value

Inverse (arc) cosine

Inverse (arc) sine

Inverse (arc) tangent
Rectangular to polar conversion
Smallest integer larger than arg
Smallest integer larger than arg
Cosine

Get CPU time

Mathematical constant
Exponent (basg

Explicitly convert to float
Fractional part of a float
Integer part of a float

Largest integer below argument
Round to nearest integer
Natural logarithm

10 base logarithm

Maximum of two numbers
Minimum of two numbers

Most significant bit

Remainder of division
Generate random number
Remainder of division

Round to nearest integer
Truncate float to integer
Mathematical constant

Extract sign of value

Sine

Square root
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tan/1 Tangent
xor/2 Bitwise exclusive or
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E.4 Operators

Xor

+ - .\) 1 +

=

1
200
200
300
400
400
400
400
400
400
500
500
500
500
500
500
500
500
600
700
700
700
700
700
700
700
700
700
700
700
700
700
700
700
700
700
700
900
900

1000
1050
1050
1100
1100

Bind toplevel variable

Predicate
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
XPCE: obtainer
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function
Arithmetic function

module:term separator

Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
Predicate
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discontiguous 1150 fxz Predicate

dynamic 1150 fz Predicate
moduletransparent 1150 fx Predicate
metapredicate 1150 fz Head

multifile 1150 fx Predicate

threadlocal 1150 fz Predicate

volatile 1150 fx Predicate
initialization 1150 fz Predicate

- 1200 fx Introduces a directive
?- 1200 fz Introduces a directive
--> 1200 zfx DCGrammar: rewrite

- 1200 xfx head:- body. separator
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161, 177,263

assert/283, 84, 89
asserta/123, 63, 83
asserta/233, 84
assertions249
assertz/183, 263
assertz/283, 84
assume/1249
at end.of_stream/0,100
atendof_stream/1,100
at halt/1,66
atinitialization/1,65
at end.of_stream/1,100
atendof_stream/[0

1], 92, 249
athalt/1,65, 136,173 221, 227
at.initialization/1,66, 226
atan/1,119
atan/2,119
atom/1,69, 193
atomchar/2,108
atomchars/2,16, 108
atomcodes/2108
atomconcat/3,109, 281
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atomnumber/2,108
atomprefix/2,110
atomto_term/3,109
atomchars/235, 60, 99, 108 112
atomcodes/216, 35, 60, 107, 108 112
atomconcat/3,109, 113
atomlength/2,37, 113
atomto_term/3,100
atomic/1,69
attachconsole/0,179
attachconsole/0179, 219
attr_portray hook/2,160
attr unify_hook/2,41, 159

attr_portray hook/2,101
attr_unify_hook/2,158 159
attvar/1,159

autoload/063, 237, 238, 248

b_getval/2,161
b_setval/2,161
b_getval/2,161, 162
b_setval/2,161
backcompgibrary, 15, 16, 106
bagof/3,45, 65, 122, 272
between/3]115 246
block/3,81, 271, 275
break/0,23, 29, 135, 168, 219

call/1, 15, 65, 69, 73, 75, 76, 138 141, 143
160, 209
call/2,73
call/[2-6], 73
call_cleanup/275
call_cleanup/3y74
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call_with_depthlimit/2, 79
call_with_depthlimit/3, 74
call_cleanup/275
call_cleanup/3y75, 178
call_cleanup/[2-3],179
call_with_depthlimit/3, 74
callable/1,69
catch/3,14, 15, 75, 76, 81, 97, 103 141, 172
174, 258 260, 281
ceil/1,118
ceiling/1,118
charcode/2,108
charconversion/2114
chartype/2,110
charcode/2,60
charconversion/234, 114
chartype/2,112
character set}3
charactercount/2,97
chat:invumaplist/5, 142
chdir/1,135
checklibrary, 63, 89, 247, 283
check/0,63, 247
checkold_select/0.17
checklist/2,123
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checkseleclibrary, 16
chrlibrary, 166, 168
chr_leash/1,169
chr_notrace/0169
chr_showstore/1,169
chr_trace/0,169
chr_notrace/0168
chr_trace/0,168
clause/2/73, 89
clause/383, 84, 89, 239
clause/[2

3], 37, 244
clauseproperty/2,89
clauseproperty/2,64, 258
clib

package228
close/190, 92
close/292
closeddeconversation/1145
closesharedobject/1,185
clp/bounddibrary, 253
codetype/2,112
codetype/2,110,112
COM, 207
commandline

arguments24
compare()208
compare/345, 71, 121, 215
compile predicates/186
compile predicates/186
compiling/0,66, 67
completion

TAB, 51
compound/169
concatatom/2,109
concatatom/3,109
concatatom/2,109
consult/1,19, 20, 30, 40, 56, 6062, 66, 86,

103 139

contextmodule/1,154
contextmodule/1,154, 209
converttime/2,131
converttime/8,131
converttime/2,131
converttime/8,131
converttime/[2

8], 133

copy.streamdata/2,100
copy.streamdata/3,100
copy.term/2,106
copy.streamdata/2,100
copy.term/2,45, 106, 107, 161
cos/1,119
cputime/0,120
ctypelibrary, 110
currentarithmeticfunction/1,120
currentatom/1,87
currentblob/2,87
currentcharconversion/2114
currentflag/1,87
currentforeign.library/2,185
currentformat predicate/2128
currentfunctor/2,87
currentinput/1,96
currentkey/1,87
currentmodule/1,154
currentmodule/2,154
currentmutex/3,179
currentop/3,114
currentoutput/1,96
currentpredicate/187
currentpredicate/287
currentprolog flag/2,33
currentsignal/3,80
currentstream/316, 93, 135
currentthread/2,173
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