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1 Introduction

GNU Prolog is a free Prolog compiler with constraint solving over finite domains developed by Daniel
Diaz!'*. For recent information about GNU Prolog please consult the GNU Prolog page'®.

GNU Prolog is a Prolog compiler based on the Warren Abstract Machine (WAM) [R, @]. It first compiles
a Prolog program to a WAM file which is then translated to a low-level machine independent language
called mini-assembly specifically designed for GNU Prolog. The resulting file is then translated to the
assembly language of the target machine (from which an object is obtained). This allows GNU Prolog
to produce a native stand alone executable from a Prolog source (similarly to what does a C compiler
from a C program). The main advantage of this compilation scheme is to produce native code and to be
fast. Another interesting feature is that executables are small. Indeed, the code of most unused built-in
predicates is not included in the executables at link-time.

A lot of work has been devoted to the ISO compatibility. Indeed, GNU Prolog is very close to the ISO
standard for Prolog'® [5].

GNU Prolog also offers various extensions very useful in practice (global variables, OS interface, sock-
ets,...). In particular, GNU Prolog contains an efficient constraint solver over Finite Domains (FD). This
opens contraint logic pogramming to the user combining the power of constraint programming to the
declarativity of logic programming. The key feature of the GNU Prolog solver is the use of a single (low-
level) primitive to define all (high-level) FD constraints. There are many advantages of this approach:
constraints can be compiled, the user can define his own constraints (in terms of the primitive), the solver
is open and extensible (as opposed to black-box solvers like CHIP),. .. Moreover, the GNU Prolog solver
is rather efficient, often more than commercial solvers.

GNU Prolog is inspired from two systems developed by the same author:

e wamcc: a Prolog to C compiler [3]. the key point of wamcc was its ability to produce stand alone
executables using an original compilation scheme: the translation of Prolog to C via the WAM.
Its drawback was the time needed by gcc to compile the produced sources. GNU Prolog can also
produce stand alone executables but using a faster compilation scheme.

e clp(FD): a constraint programming language over FD [d]. Tts key feature was the use of a single
primitive to define FD constraints. GNU Prolog is based on the same idea but offers an extended
constraint definition language. In comparison to c1lp(FD), GNU Prolog offers new predefined con-
straints, new predefined heuristics, reified constraints,. ..

Here are some features of GNU Prolog:

e Prolog system:
— conforms to the ISO standard for Prolog (floating point numbers, streams, dynamic code,. .. ).

— a lot of extensions: global variables, definite clause grammars (DCG), sockets interface, oper-
ating system interface,. . .

more than 300 Prolog built-in predicates.

Prolog debugger and a low-level WAM debugger.
— line editing facility under the interactive interpreter with completion on atoms.
— powerful bidirectional interface between Prolog and C.

e Compiler:
— native-code compiler producing stand alone executables.

— simple command-line compiler accepting a wide variety of files: Prolog files, C files, WAM
files,. ..

Mhttp://pauillac.inria.fr/"diaz
5http://www.gnu.org/software/prolog
16http://www.logic—programming.org/prolog_std.html
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direct generation of assembly code 15 times faster than wamcc + gcc.
most of unused built-in predicates are not linked (to reduce the size of the executables).
compiled predicates (native-code) as fast as wamcmcc on average.

consulted predicates (byte-code) 5 times faster than wamcc.

o Constraint solver:

FD variables well integrated into the Prolog environment (full compatibility with Prolog vari-
ables and integers). No need for explicit FD declarations.

very efficient FD solver (comparable to commercial solvers).
high-level constraints can be described in terms of simple primitives.

a lot of predefined constraints: arithmetic constraints, boolean constraints, symbolic con-
straints, reified constraints,. . .

several predefined enumeration heuristics.
the user can define his own new constraints.

more than 50 FD built-in constraints/predicates.
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2 Using GNU Prolog

2.1 Introduction

GNU Prolog offers two ways to execute a Prolog program:
e interpreting it using the GNU Prolog interactive interpreter.
e compiling it to a (machine-dependent) executable using the GNU Prolog native-code compiler.

Running a program under the interactive interpreter allows the user to list it and to make full use of the
debugger on it (section B, page B9). Compiling a program to native code makes it possible to obtain a
stand alone executable, with a reduced size and optimized for speed. Running a Prolog program compiled
to native-code is around 3-5 times faster than running it under the interpreter. However, it is not possible
to make full use of the debugger on a program compiled to native-code. Nor is it possible to list the
program. In general, it is preferable to run a program under the interpreter for debugging and then
use the native-code compiler to produce an autonomous executable. It is also possible to combine these
two modes by producing an executable that contains some parts of the program (e.g. already debugged
predicates whose execution-time speed is crucial) and interpreting the other parts under this executable.
In that case, the executable has the same facilities as the GNU Prolog interpreter but also integrates
the native-code predicates. This way to define a new enriched interpreter is detailed later (section B-4.5,

page 23).

2.2 The GNU Prolog interactive interpreter
2.2.1 Starting/exiting the interactive interpreter

GNU Prolog offers a classical Prolog interactive interpreter also called top-level. It allows the user to
execute queries, to consult Prolog programs, to list them, to execute them and to debug them. The
top-level can be invoked using the following command:

% gprolog (the % symbol is the operating system shell prompt)

The top-level invocation does not need any supplemental line-command option. When present these
options can be retrieved using argument _value/2 (section [.27.4, page [39) or argument_list/1 (sec-
tion B.27.9, page [39). However, the --verbose and --help options are recognized for compatibility
purpose with other GNU programs.

To quit the top-level type the end-of-file key sequence (Ct1-D) or its term representation: end of file.
It is also possible to use the built-in predicate halt/0 (section [.18.1, page [[11]).

2.2.2 The interactive interpreter read-execute-write loop

The GNU Prolog top-level is built on a classical read-execute-write loop that also allows for re-executions
(when the query is not deterministic) as follows:

e display the prompt, i.e. ’| ?-".
e read a query (i.e. a goal).
e execute the query.

e in case of success display the values of the variables of the query.
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e if there are remaining alternatives (i.e. the query is not deterministic), display a ? and ask the user
who can use one of the following commands: RETURN to stop the execution, ; to compute the next
solution or a to compute all remaining solution.

Here is an example of execution of a query (“find the lists X and Y such that the concatenation of X and
Y is [a,b]”):

| ?- append(X,Y,[a,b,c]).

X =1

Y = [a,b,c] 7 (here the user presses ; to compute another solution)

X = [al

Y = [b,c] 7 (here the user presses a to compute all remaining solutions)

X = [a,b]

Y = [c] (here the user is not asked and the next solution is computed)
X = [a,b,c]

Y =[] (here the user is not asked and the next solution is computed)
no (no more solution)

In some cases the top-level can detect that the current solution is the last one (no more alternatives
remaining). In such a case it does not display the ? symbol (and does not ask the user). Example:

| 7= (X=1 ; X=2).

X=17 (here the user presses ; to compute another solution)
X=2 (here the user is not prompted since there are no more alternatives)
yes

The user can stop the execution even if there are more alternatives by typing RETURN.

| 7- (X=1 ; X=2).
X=17 (here the user presses RETURN to stop the execution)

yes

The top-level tries to display the values of the variables of the query in a readable manner. For instance,
when a variable is bound to a query variable, the name of this variable appears. When a variable is a
singleton an underscore symbol _ is displayed (- is a generic name for a singleton variable, it is also called
an anonymous variable). Other variables are bound to new brand variable names. When a query variable
name X appears as the value of another query variable Y it is because X is itself not instantiated otherwise
the value of X is displayed. In such a case, nothing is output for X itself (since it is a variable). Example:

| 7- X=f(A,B,_,A), A=k.

A
X

k (the value of A is displayed also in £/3 for X)
f(k,B,_,k) (since B is a variable which is also a part of X, B is not displayed)

| ?- functor(T,f,3), arg(1,T,X), arg(3,T,X).

—
]

£f(X,_,X) (the 1% and 3"¢ args are equal to X, the 2"? is an anonymous variable)

| ?- read_from_atom(’k(X,Y,X).’,T).

]
]

k(A,_,A) (the 1°¢ and 37¢ args are unified, a new variable name A is introduced)
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The top-level uses variable binding predicates (section .3, page BY). To display the value of a variable,
the top-level calls write_term/3 with the following option list: [quoted(true) ,numbervars(false),
namevars (true)] (section [.14.§, page P4). A term of the form ’$VARNAME’ (Name) where Name is an
atom is displayed as a variable name while a term of the form >$VAR’ (N) where N is an integer is displayed
as a normal compound term (such a term could be output as a variable name by write_term/3). Example:

| 7- X="$VARNAME’ (°Y’), Y="$VAR’(1).

X
Y

Y (the term ’$VARNAME’ (°Y?) is displayed as Y)
*$VAR’ (1) (the term *$VAR’ (1) is displayed as is)

| 7- X=Y, Y="$VAR’(1).

X = ’$VAR’ (1)
Y = "$VAR’ (1)

In the first example, X is explicitly bound to >$VARNAME’ (°Y’) by the query so the top-level displays Y
as the value of X. Y is unified with >$VAR’ (1) so the top-level displays it as a normal compound term.
It should be clear that X is not bound to Y (whereas it is in the second query). This behavior should be
kept in mind when doing variable binding operations.

Finally, the top-level computes the user-time (section p.24.9, page [[33) taken by a query and displays it
when it is significant. Example:

| 7- retractall(p(.)), assertz(p(0)),

repeat,
retract(p(X)),
Y is X+1,
assertz(p(Y)),
X=1000, !.
X = 1000
Y = 1001
(180 ms) yes (the query took 180ms of user time)

2.2.3 Consulting a Prolog program

The top-level allows the user to consult Prolog source files. Consulted predicates can be listed, executed
and debugged (while predicates compiled to native-code cannot). For more information about the differ-
ence between a native-code predicate and a consulted predicate refer to the introduction of this section
(section R.1|, page [[J) and to the part devoted to the compiler (section B-4.1], page [9).

To consult a program use the built-in predicate consult/1 (section p.23.1], page [33). The argument
of this predicate is a Prolog file name or user to specify the terminal. This allows the user to directly
input the predicates from the terminal. In that case the input shall be terminated by the end-of-file key
sequence (Ct1-D) or its term representation: end of file. A shorthand for consult(FILE) is [FILE].
Example:
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| ?- [user].
{compiling user for byte code...}
even(0) .
even(s(s(X))):-
even(X) .
(here the user presses Ct1-D to end the input)
{user compiled, 3 lines read - 350 bytes written, 1180 ms}

| 7- even(X).

X=07 (here the user presses ; to compute another solution)
X =s(s(0)) 7 (here the user presses ; to compute another solution)
X = s(s(s(s(0)))) 7 (here the user presses RETURN to stop the execution)

yes
| 7- listing.

even(0).
even(s(s(h))) :-
even(A).

When consult/1 (section B.23.1], page [[32) is invoked on a Prolog file it first runs the GNU Prolog
compiler (section P4, page [J) as a child process to generate a temporary WAM file for byte-code. If
the compilation fails a message is displayed and nothing is loaded. If the compilation succeeds, the
produced file is loaded into memory using load/1 (section B.23.3, page [[33). Namely, the byte-code of
each predicate is loaded. When a predicate P is loaded if there is a previous definition for P it is removed
(i.e. all clauses defining P are erased). We say that P is redefined. Note that only consulted predicates
can be redefined. If P is a native-code predicate, trying to redefine it will produce an error at load-time:
the predicate redefinition will be ignored and the following message displayed:

native code procedure P cannot be redefined

Finally, an existing predicate will not be removed if it is not re-loaded. This means that if a predicate P
is loaded when consulting the file F, and if later the definition of P is removed from the file F, consulting
F again will not remove the previously loaded definition of P from the memory.

Consulted predicates can be debugged using the Prolog debugger. Use the debugger predicate trace/0
or debug/0 (section B3, page Bl)) to activate the debugger.

2.2.4 Interrupting a query

Under the top-level it is possible to interrupt the execution of a query by typing the interruption key
(Ct1-C). This can be used to abort a query, to stop an infinite loop, to activate the debugger,... When an
interruption occurs the top-level displays the following message: Prolog interruption (h for help) 7
The user can then type one of the following commands:

| Command \ Name | Description |

a abort abort the current execution. Same as abort/0 (section [.18.1|, page )
e exit quit the current Prolog process. Same as halt/0 (Sectio%ﬁmge%r
b break | invoke a recursive top-level. Same as break/0 (section p.18.1], page [[11])
c continue | resume the execution
t trace start the debugger using trace/0 (section B.3.1|, page B1l)
d debug start the debugger using debug/0 (section %7 page Bl)
hor? help display a summary of available commands
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2.2.5 The line editor

The line editor (linedit) allows the user to build/update the current input line using a variety of
commands. This facility is available if the 1inedit part of GNU Prolog has been installed. linedit is
implicitly called by any built-in predicate reading from a terminal (e.g. get_char/1, read/1,...). This
is the case when the top-level reads a query.

Bindings: each command of linedit is activated using a key. For some commands another key is also
available to invoke the command (on some terminals this other key may not work properly while the
primary key always works). Here is the list of available commands:

| Key | Alternate key | Description |
Ctl-B — go to the previous character
Ctl-F — go to the next character
Esc-B Ctl-«— go to the previous word
Esc-F Ctl-— go to the next word
Ctl-A Home go to the beginning of the line
Ctl-E End go to the end of the line
Ctl-H Backspace delete the previous character
Ctl-D Delete delete the current character
Ctl-U Ctl-Home delete from beginning of the line to the current character
Ctl-K Ctl-End delete from the current character to the end of the line
Esc-L lower case the next word
Esc-U upper case the next word
Esc-C capitalize the next word
Ctl-T exchange last two characters
Ctl-v Insert switch on/off the insert/replace mode
Ctl-I Tab complete word (twice displays all possible completions)
Ctl-space mark beginning of the selection
Esc-W copy (from the begin selection mark to the current character)
Ctl-w cut (from the begin selection mark to the current character)
Ctl-Y paste
Ctl-P T recall previous history line
Ctl-N 1 recall next history line
Esc-P recall previous history line beginning with the current prefix
Esc-N recall next history line beginning with the current prefix
Esc-< Page Up recall first history line
Esc—> Page Down recall last history line
Ctl-C generate an interrupt signal (section P.2.4)) page @)
Ctl-D generate an end-of-file character (at the begin of the line)
RETURN validate a line
Esc-7 display a summary of available commands

History: when a line is entered (i.e. terminated by RETURN), linedit records it in an internal list called
history. It is later possible to recall history lines using appropriate commands (e.g. Ct1-P recall the last
entered line) and to modify them as needed. It is also possible to recall a history line beginning with a
given prefix. For instance to recall the previous line beginning with write simply type write followed
by Esc-P. Another Esc-P will recall an earlier line beginning with write,...

Completion: another important feature of 1inedit is its completion facility. Indeed, linedit maintains
a list of known words and uses it to complete the prefix of a word. Initially this list contains all predefined
atoms and the atoms corresponding to available predicates. This list is dynamically updated when a new
atom appears in the system (whether read at the top-level, created with a built-in predicate, associated
to a new consulted predicate,...). When the completion key (Tab) is pressed linedit acts as follows:
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e use the current word as a prefix.

e collect all words of the list that begin with this prefix.

e complete the current word with the longest common part of all matching words.

e if more than one word matches emit a beep (a second Tab will display all possibilities).
Example:

here the user presses Tab to complete the word)

linedit completes argu with argument_ and emits a beep)
the user presses again Tab to see all possible completions)
linedit shows 3 possible completions)

| ?7- argu (

| ?- argument_ (
(

argument_counter (

argument_list

argument_value

| ?- argument_ (linedit redisplays the input line)

| ?- argument_c (to select argument_counter the user presses ¢ and Tab)
| ?- argument_counter (linedit completes with argument_counter)

Finally, 1inedit allows the user to check that (square/curly) brackets are well balanced. For this, when
a close bracket symbol, i.e. ), ] or }, is typed, linedit determines the associated open bracket, i.e. (, [
or {, and temporarily repositions the cursor on it to show the match.

2.3 Adjusting the size of Prolog stacks

GNU Prolog uses several stacks to execute a Prolog program. Each stack has a static size and cannot be
dynamically increased during the execution. For each stack there is a default size but the user can define
a new size by setting an environment variable. When a GNU Prolog program is run it first consults these
variables and if they are not defined uses the default sizes. The following table presents each stack of
GNU Prolog with its default size and the name of its associated environment variable:

Stack Default | Environment | Description

name | size (Kb) variable

local 2048 LOCALSZ control stack (environments and choice-points)
global 4096 GLOBALSZ heap (compound terms)

trail 2048 TRAILSZ conditional bindings (bindings to undo at backtracking)
cstr 2048 CSTRSZ finite domain constraint stack (FD variables and constraints)

If the size of a stack is too small an overflow will occur during the execution. In that case GNU Prolog
emits the following error message before stopping:

S stack overflow (size: N Kb, environment variable used: E)

where S is the name of the stack, N is the current stack size in Kb and E the name of the associated
environment variable. When such a message occurs it is possible to (re)define the variable E with the
new size. For instance to allocate 4096 Kb to the local stack under a Unix shell use:

LOCALSZ=4096; export LOCALS (under sh or bash)
setenv LOCALSZ 4096 (under csh or tcsh)

This method allows the user to adjust the size of Prolog stacks. However, in some cases it is preferable
not to allow the user to modify these sizes. For instance, when providing a stand alone executable whose
behavior should be independent of the environment in which it is run. In that case the program should
not consult environment variables and the programmer should be able to define new default stack sizes.
The GNU Prolog compiler offers this facilities via several command-line options such as --local-size

or ——fixed-sizes (section P.4.3, page BT)).
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Finally note that GNU Prolog stacks are virtually 