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Abstract
This paper describes how gprolog, a UNIX compiler 
for Prolog implemented in C, was turned into XGP, a 
graphical-user-interface-oriented integrated develop-
ment environment on Mac OS X using Cocoa and 
Objective-C. This development effort involved many 
aspects of UNIX and Mac OS X. This paper is meant 
to help other developers contemplating complex port-
ing projects by providing pointers on some possible 
problems and some of the possibly useful technolo-
gies. The software involved (gprolog and XGP) is 
open source (GPL) . The XGP project can be found at 
http://xgp.sourceforge.net.

Introduction.
XGP is a graphical-user-interface-oriented integrated development environment for Prolog on Macintosh 
OS X. The development of XGP has involved several different aspects of Cocoa, Objective-C, and UNIX 
cross-platform compiler development  using the GNU Build system. The compiler is gprolog (GNU 
Prolog), created and maintained as an open source project by Daniel Diaz1. This paper discusses these 
technologies in the context of the development of XGP. The next section of this paper describes the XGP 
project and its goals. The following sections discuss three aspects of the project: porting gprolog to Mac 
OS X focusing on the GNU build system; integrating the gprolog execution model with the XGP applica-
tion focusing on the use of XCode; and supporting cocoa user interactions, documents, and graphics in 
XGP Prolog.

Since Prolog is a little-known programming language and it works quite differently from the languages 
that most people know, it  may be useful to the reader unfamiliar with Prolog to review the Appendix 
“What  is Prolog?” before we immerse ourselves in the project to implement  XGP. An example of XGP in 
use can be seen in Figure 1. The ‘Evaluate Query...’ and ‘Projects in Library’ dialogs are created and 
serviced by Prolog predicates. The ‘Graph of test nodes’ window shows a graph drawn by Prolog predi-
cates. All of the menus except  ‘XGP’ and ‘File’ are created and manage by Prolog predicates. The 
‘display_graph.pl’ Prolog source window shows the predicate that defines and installs the ‘Display 
Graph’ menu.

Listing 1 shows the source for the display_graph_menu/0  and ÔDisplay  GraphÕ/1  predicates. 
The second line, setof(Test,  Graph^test_sg(Test,  Graph),  Tests) , gathers the set  (unique 
valued order list) of all the test names in the variable Tests  by finding all solutions of the 
test_sg(Test,  Graph ) goal. The third line creates and installs a menu named “Display Graph” in the 
main menu bar with items having the names in Tests . When the user selects a menu item “choke” from 
the “Display Graph” menu, this causes the query ‘Display Graph’(choke) to be solved, which causes the 
test_display_graph(choke)  goal to be solved, ultimately drawing the graph shown in Figure 1.
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1 Diaz developed gprolog from his work with P. Codognet on compiling Prolog [Codognet & Diaz 1995] and constraint 
logic programming [Codognet & Diaz 1995].



display_graph_menu :-
! setof(Test, Graph^test_sg(Test, Graph), Tests),
! install_menu('Display Graph', Tests).
'Display Graph'(Item) :-
! test_display_graph(Item).

Listing 1. display_graph_menu/0 and ‘Display Graph’/1 Prolog 
predicate definitions.

Figure 1. XGP in use. 
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The XGP project.
The Prolog programming language has had a small but devoted group of users for 22 years, since David 
H. D. Warren implemented the first compiler for it  [Warren 1983]. However, there has not  been much 
attention to developing an integrated development  environment focused on Prolog. The major develop-
ment environment for Prolog is a Prolog-Mode in Emacs. A notable exception to this was MacProlog by 
Logic Programming Associates, Ltd. (LPA), commercially available from about 1986 to 1996. LPA de-
cided to focus completely on WinProlog for the Windows platform and cease development  of MacProlog.

Goals
The XGP project was begun in 2001. The XGP project  has several goals. First, it  is intended to provide a 
Prolog integrated development  environment on the Macintosh OS X operating system. XGP thus provides 
a convenient upgrade path for programs implemented in MacProlog. Second, it is to be a native OS X 
application implemented using Cocoa and Objective-C. This allows the XGP project to track changes to 
OS X as easily as possible and to benefit as directly as possible from Apple's new technologies in the 
Cocoa framework and XCode (originally ProjectBuilder) IDE. Third, it is open source and built on an 
open source Prolog implementation. Making XGP open source means that  any open source Prolog could 
be used, even those using restrictive licenses such as GPL, the GNU General Public License 
[http://www.gnu.org/copyleft/gpl.html]. Thus, XGP's continued development  is not  entirely dependent  on 
any other project's development decisions. Also, an open source XGP might interest  others in using 
Prolog or in contributing to the XGP project. Fourth, XGP will provide as much of a modern development 
environment  as possible, including programming-in-the-large support  such as project library management 
and re-factoring support and programming-in-the-small support  such as syntax coloring. Fifth, XGP is 
implemented in Prolog as much as possible. This  provides for a more expressive development environ-
ment, making it easier to develop, maintain, and extend. Also, since MacProlog was implemented in 
Prolog to a large extent, making XGP self-implementing helped to ease converting MacProlog programs 
to XGP.

The Prolog implementation selected for supporting XGP was gprolog (http://gnu-prolog.inria.fr/). This is 
the GNU Prolog that runs on many UNIX systems and Windows. It  is a full-featured Prolog that  is largely 
ISO standard compliant  and is compatible with the core of MacProlog. It  provides a standard Prolog de-
bugger and can run interpreted as well as compile to a byte-code and native code. It  also has a finite-
domain constraint solver.

To accomplish these goals, it  was necessary to work in several areas: Objective-C, Cocoa, ProjectBuilder/
XCode, and the implementation of gprolog. This paper focuses on three particularly challenging aspects 
of the project: porting gprolog to Mac OS X, integrating the gprolog execution model with Objective-C 
and Cocoa, and creating gprolog predicates supporting Cocoa user interactions and graphics. Supporting 
Cocoa user interactions and graphics included: design collections of Prolog predicates for implementing 
user interfaces (menuing and dialogs),  graphics, Cocoa documents for source files (XGP being a multiple 
document application), and extend the non-thread-safe gprolog to support interrupt processing for user 
interactions.

Resources
Many sources of information were used in working on XGP. For the UNIX aspects I used: Mac OS X for 
Unix Geeks [Jepson&Rothman 2002], Mac OS X Tiger for Unix Geeks is the current version;  UNIX Se-
crets [Armstrong 1996], one of many UNIX reference books (a search at  Amazon.com among books for 
"unix reference" found 321 items), this one worked well for me; man pages provided with Mac OS X; and 
Apple’s Developer Tools documentation provided with Mac OS X. For help with porting issues: TN 2071: 
Porting Command Line UNIX Tools To Mac OS X [Apple 2003], this is useful in itself and it contains 
many references to other useful items; Apple's unix-porting mailing list 
http://lists.apple.com/mailman/listinfo/unix-porting; and Darwin Porting Notes  [Love 2001], these notes 
were valuable in the initial XGP process (circa 2002), but are perhaps obsolete now. 
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Since this project spanned four programming languages, several language references were used: Mac OS 
X Assembler Guide [Apple 2005], important because GProlog compiles to assembler; The C Book [Bana-
han 1988], basic C reference that was essential for working with the GProlog implementation, GProlog's 
'foreign language' interface, and understanding how to connect  C with Objective-C; Learning Cocoa 
[Davidson 2002]; Building Cocoa Applications: A Step-By-Step Guide [Garfinkel&Mahoney 2002]; Co-
coa Programming  [Anguish et  al. 2003]; GNU PROLOG A Native Prolog Compiler with Constraint 
Solving over Finite Domains [Diaz 2002]; MacProlog32 Programming Guide  [Johns 1994a],  reference 
manual for MacProlog32 that deals with the Macintosh-specific elements of LPA's cross-platform imple-
mentation; MacProlog32 Graphics Guide [Johns 1994b], the graphics API on which the XGP graphics 
API is largely based; MacProlog32 User Guide [Johns 1994], the reference for the user environment 
(menus, dialogs, etc.) of MacProlog32; LPA-Prolog Technical Reference [Westwood 1994].

There were several example Cocoa projects that were very helpful in implementing XGP: MenuMadness, 
Sketch, and TextEdit from Apple and  Syntax Coloring Demo for Cocoa by Brent Simmons,  Sep 04 2002 
(http://ranchero.com/cocoa/syntaxcoloring/).

Porting gprolog to Mac OS X: autoconf, conÞgure, make.

The first problem in implementing XGP was that  the selected underlying Prolog system, gprolog, didn't 
run on Mac OS X. The basic port turned out to involve only about  10 of the 322 source files comprising 
the gprolog system, but it took a while to figure out  which 10 to change and how to change them. The 
port  of gprolog was done with version 1.2.8 , released by Daniel Diaz in 2001. The current  stable version 
is 1.2.16, released in 2003.

The gprolog system was implemented in five different  languages: Prolog, Warren Abstract Machine 
(WAM) source, Finite-Domain constraint  logic programming (FD) source, C, and source for a custom, 
platform-independent mini-assembler (MA). These various source files were compiled and linked using 
the GNU Automake build system, particularly 'autoconf', 'configure', and 'make'. The good news was that 
this system was designed to be ported to many hosts (particularly UNIX ones) and as of version 1.2.8 had 
been ported to the following 15 platforms [Diaz 2001a]:

• ix86 / GNU/Linux
• ix86 / Win32 using Cygwin (see file src/CYGWIN)
• ix86 / Win32 using MSVC++ (tested with 6.0)
• ix86 / SCO
• ix86 / Solaris
• ix86 / FreeBSD
• ix86 / OpenBSD
• ix86 / NetBSD
• PowerPC / GNU/Linux
• sparc / SunOS (4.1.3 or higher)
• sparc / Solaris
• alpha / linux
• alpha / OSF1
• mips / irix

The objective was to add 'PowerPC / Darwin' to this list. The 'ix86 /FreeBSD' port helped because Darwin 
is derived from FreeBSD; and the 'PowerPC / GNU/Linux' port helped because Mac OS X ran on the 
PowerPC.
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The gprolog distribution has extensive documentation and tools. The PORTING file [Diaz 2001b] de-
scribes a six step process:

1.  set  up development environment  (particularly environment variables).
2.  Create an M_<processor>_<os>  entry (i.e. M_powerpc_darwin ) and associated changes in build 

files (configure.in, EnginePl/gp_config.h.in, EnginePl/machine.h, EnginePl/arch_dep.h).
3.  Compile 'cd src/Configure;make' and 'cd src/EnginePl;make engine.o engine1.o' 
4.  Create the mini-assembler translation file (in the Ma2Asm/ directory).
5.  Check that  ObjChain works. ObjChain is a way to find at  run-time which Prolog modules are linked 

(to then initialize them).
6.  Ensure the stack overflow detection works.

There are recommendations in [Diaz 2001b] of areas beyond these basic six steps that may need to be 
modified as well.

Step 2, 4, and 6 each required substantial work. Step 2 required learning the GNU build system, how 
gprolog uses it, and what changes were needed for Mac OS X. Steps 4 and 6 were more difficult, but the 
problems they presented were peculiar to the gprolog port and so won't  be discussed in any detail here. 
Step 5 didn't  require any work for the port, but the ObjChain mechanism did present special problems 
when creating the Cocoa build of XGP. 

There were also some bugs in gprolog that  this port  exposed that had to be fixed; e.g. gprolog could gen-
erate multiple temporary file names in a single compilation operation that should have been different  but 
were actually all the same.

The GNU Build System and gprolog
Figure 2, "GNU Build System Summary", summarizes the elements of the GNU Automake system used 
by gprolog on Mac OS X. There are three commands to run: autoconf, configure, and make. These are 
shown in grey boxes in the figure. The 'autoconf' command uses 'configure.in' and 
'EnginePl/gp_config.h.in' as input  to create the 'configure' shell script. The configure  script (with op-
tions) operates in each "build" directory (src , BipsFD , BipsPL , EngineFD , EnginePl , Fd2C, Lin -
edit , Ma2Asm, Pl2Wam, TopComp, W32GUICons, Wam2Ma, and Win32 ) using Makefile.in  to create 
Makefile . Finally, the make command (with src  as the working directory) uses each of the Makefile  
files created by configure  , the gp_config.h  created by autoconf , and the GProlog source files to 
build the GProlog executables, libraries, objects, and gprolog.h  header.

A brief description of the GNU Build System
Many systems in the UNIX world use make and a collection of Makefile  files to define their builds. 
However, the autoconf  and configure  technologies are newer than make and not as widely used. 
They are a great  help in managing a highly portable development environment that requires significant 
tailoring to each target  platform, which is the case for gprolog. There is documentation for Autoconf and 
(configure) at http://www.gnu.org/software/autoconf/. The automake , autoscan , and libtool  tools are 
powerful parts of the GNU Build system that are not used by GProlog, so they will not  be discussed here.

Each of the files configure.in , gp_config.h.in , Makefile.in , gp_config.h , and Makefile   
defines variables for use by the next  step in the process. Listings 2 and 3 are fragments from 
configure.in  and src/Makefile.in  (input for the main Makefile ), respectively. These show vari-
ables being defined. Some of the variables being used in both listings are PROLOG_NAME, TOP_LEVEL, 
and ROOT_DIR.

Beginning Listing 2 is a collection of “local” variable definitions for PROLOG_NAME, PROLOG_NAME1, 
PROLOG_VERSION,  PROLOG_DATE, PROLOG_COPYRIGHT,  and TOP_LEVEL. These are standard shell 
variables and their values can be referenced using a $ prefix. An example of this is the definition 
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TOP_LEVEL=$PROLOG_NAME1, where the value assigned to PROLOG_NAME1 (gprolog ) is assigned to 
TOP_LEVEL. Next in Listing 2 is a collection of AC_SUBST statements (e.g. AC_SUB-
ST(PROLOG_NAME1)). The AC_SUBST macro defines a variable that is to be substituted for its value 
when the output configure  shell script is creating a Makefile  from a Makefile.in . The output con -
figure  shell script is created when the AC_OUTPUT macro is executed at the end of the configure.in  
file. The AC_DEFINE_UNQUOTED macros in Listing 2 (e.g. AC_DEFINE_UNQUOTED(PROLOG_NAME, 
"$PROLOG_NAME") ) specify #define  macros to be included in the gp_config.h  output file. The 
creation of a gp_config.h  file is specified by the AC_CONFIG_HEADER(EnginePl/gp_config.h)  
macro near the beginning of configure.in  and is derived from gp_config.h.in . Finally, the bottom 
of Listing 2 shows another example of a “local” variable definition, ROOT_DIR=`(cd  ..  ;  pwd)` . 
This emphasizes that  the local definition of a variable may come after the use of that  variable in an 
AC_SUBST macro in the source of configure.in , since the substitution defined by AC_SUBST doesn’t 
actually happen until the AC_OUTPUT macro is executed.

Figure 2. GNU build system summary. The straight boxes are 
actions, curved boxes are editable inputs, and outlined boxes are 
generated documents. The dashed arrow indicates that  a docu-

ment implements an action.
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The Makefile.in  file (input  to configure ) has the variable substitutions applied defined by the 
AC_SUBST macros in the configure.in  file to create the Makefile  file. Listing 3 shows fragments of 
the root Makefile.in  file. The target  of the substitution defined by AC_SUBST(Foo)  is identified in 
Makefile.in  by @Foo@. For example, the shell variable ROOT_DIR of Makefile.in  is defined on the 
first  line as the value of the configure  substitution of @ROOT_DIR@. Listing 3 also shows normal vari-
able definitions with a simple value, e.g. FD_DIRS = Fd2C EngineFD  BipsFD  where the variable 
FD_DIRS is assigned the value Fd2C EngineFD  BipsFD  (these are the three directories holding source 
for the Finite Domain constraint  solving subsystem of gprolog).

Listing 4 shows a portion of the gp_config.h.in  file that is used as input to the autoconf command. 
This is the template for the gp_config.h  file. The AC_DEFINE_UNQUOTED macros in configure.in  
modify the #define  statements in the gp_config.h.in  to create corresponding #define  statements in 
the gp_config.h  file shown in Listing 4. For instance, the 

AC_DEFINE_UNQUOTED(PROLOG_NAME1, "$PROLOG_NAME1") 
statement in configure.in  is processed by autoconf with the 

#define PROLOG_NAME1 any
statement of gp_config.h.in  to create

#define PROLOG_NAME1 "gprolog"
in gp_config.h . Note that autoconf replaced $PROLOG_NAME1 with gprolog  in the same process.

PROLOG_NAME='GNU Prolog'
PROLOG_NAME1='gprolog'
...

TOP_LEVEL=$PROLOG_NAME1
...
AC_SUBST(PROLOG_NAME1)
AC_SUBST(PROLOG_NAME)
...

AC_SUBST(TOP_LEVEL)
...
AC_SUBST(ROOT_DIR)
...
AC_DEFINE_UNQUOTED(PROLOG_NAME,      "$PROLOG_NAME")
AC_DEFINE_UNQUOTED(PROLOG_NAME1,     "$PROLOG_NAME1")
...

AC_DEFINE_UNQUOTED(TOP_LEVEL,        "$TOP_LEVEL")
...
AC_DEFINE_UNQUOTED(M_CPU,            "$host_cpu")
AC_DEFINE_UNQUOTED(M_VENDOR,         "$host_vendor")
AC_DEFINE_UNQUOTED(M_OS,             "$host_os")
...
ROOT_DIR=`(cd .. ; pwd)`
if test -x /bin/cygpath.exe; then
! ROOT_DIR1=`cygpath -a -w ..`
else
! ROOT_DIR1=$ROOT_DIR
fi

Listing 2. Selected variable definitions from ‘configure.in’.
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ROOT_DIR       = @ROOT_DIR@
PKG_NAME       = @PKG_NAME@
...
TOP_LEVEL      = @TOP_LEVEL@

LN_S           = @LN_S@
RANLIB         = @RANLIB@

LE_DIRS        = Linedit
W32GC_DIRS     = W32GUICons
FD_DIRS        = Fd2C EngineFD BipsFD

Listing 3. Selected variable definitions from ‘src/Makefile.in’.

/* Define if the system is a powerpc/darwin */
#undef M_powerpc_darwin

/* Define if the system is a powerpc/bsd */
#undef M_powerpc_bsd

/* Define if the system is a x86-64/linux */
#undef M_x86_64_linux

/* Constant definitions */
#define PROLOG_NAME1               any
#define PROLOG_NAME                any
#define PROLOG_VERSION             any
#define PROLOG_DATE                any
#define PROLOG_COPYRIGHT           any

#define TOP_LEVEL                  any

Listing 4. Portion of gp_config.h.in.

Identifying the host_cpu , host_os , and host  (combined CPU and OS) are key services the autoconf  
process provides. The result  of this identification process are a collection of #define  statements in 
gp_config.h . Many parts of the source of GProlog are conditional on whether or not particular host-
related macros are defined. Listing 6 shows a portion of the code in configure.in  that  determines what 
host-related macros to define. When building on Mac OS X, the AC_DEFINE(M_powerpc_darwin)  
statement is evaluated and this leads to the #define  M_powerpc_darwin  1 statement  appearing in 
Listing 5.
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/* Define if the system is a powerpc/darwin */
#define M_powerpc_darwin 1

/* Define if the system is a powerpc/bsd */
/* #undef M_powerpc_bsd */

/* Define if the system is a x86-64/linux */
/* #undef M_x86_64_linux */

/* Constant definitions */
#define PROLOG_NAME1 "gprolog"
#define PROLOG_NAME "GNU Prolog"
#define PROLOG_VERSION "1.2.18"
#define PROLOG_DATE "Jan 29 2004"
#define PROLOG_COPYRIGHT "Copyright (C) 1999-2004 Daniel \ 
Diaz"

#define TOP_LEVEL "gprolog"
Listing 5. Portion of ‘gp_config.h’. This corresponds to the por-

tion of ‘gp_config.h.in’ shown in Listing 4.

case "$host" in
mips*irix*)      AC_DEFINE(M_mips_irix);;
sparc*sunos*)    AC_DEFINE(M_sparc_sunos);;
sparc*solaris*)  AC_DEFINE(M_sparc_solaris);;
sparc*bsd*)      AC_DEFINE(M_sparc_bsd);;
alpha*osf*)      AC_DEFINE(M_alpha_osf);;
alpha*linux*)    AC_DEFINE(M_alpha_linux);;
i*86*linux*)     AC_DEFINE(M_ix86_linux);;
i*86*solaris*)   AC_DEFINE(M_ix86_solaris);;
i*86*sco*)       AC_DEFINE(M_ix86_sco);;
i*86*bsd*)       AC_DEFINE(M_ix86_bsd);;
powerpc*linux*)  AC_DEFINE(M_powerpc_linux);;
powerpc*darwin*) AC_DEFINE(M_powerpc_darwin);;
powerpc*bsd*)    AC_DEFINE(M_powerpc_bsd);;
*86*cygwin*)     AC_DEFINE(M_ix86_cygwin);;
x86_64*linux*)   AC_DEFINE(M_x86_64_linux);;
*)               AC_MSG_ERROR(unsupported architecture)
esac

Listing 6. Portion of configure.in  controlling the defining of 
“host” macros.

Changing the build system for Macintosh OS X
This finally brings us to a change made to support  Mac OS X. Once the build system had been figured 
out, the changes were trivial: the configure.in  file portion shown in Listing 6 was changed to add the 
case

powerpc*darwin*) AC_DEFINE(M_powerpc_darwin);;
With this change, conditional code could be added to gprolog source that was dependent on being on Mac 
OS X. (This will need to be updated to work with the new Mactel systems.) The host macro definition 
code includes case statements for $host_cpu  and $host_os  and these were extended to have 

powerpc|ppc) AC_DEFINE(M_powerpc);;
and
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*darwin*) ! AC_DEFINE(M_bsd);;
cases respectively.

The Second Challenge: Integrating the GProlog Execution Model with the XGP  
Application.

The goal of the integration of XGP and GProlog at  the executable level was to have a single executable 
file that included the Cocoa application code of XGP and the runtime code of GProlog. This was compli-
cated because GProlog relies on a special organization of the executable file. This special organization 
allows GProlog to locate all of the initialization programs that need to be run to set  up the GProlog exe-
cution environment.

The GProlog  executable
Figure 3 shows the pipeline for compiling a GProlog source file into an executable file. The Warren Ab-
stract  Machine (WAM) is “an abstract  machine for the execution of Prolog consisting of a memory archi-
tecture and an instruction set”2. It  was designed in 1983 by David H. D. Warren [Warren 1983] and be-
came the de facto standard for compiling Prolog. The Mini-Assembler (MA) was developed by Daniel 
Diaz as a platform-independent  abstraction of platform-specific Assembler with only those features 
needed for compilation of WAM source. The translation from WAM to MA source is simple but  not  triv-
ial; there are some semantic adjustments between the two languages. The translation from MA to Assem-
bler is almost strictly syntactic, adjusting for variations in naming conventions and tokenization between 
assemblers. This additional layer of translation greatly simplified targeting the compilation to many plat-
forms.  To compile a Prolog program, GProlog translates Prolog source to WAM source, then to Mini-
Assembler source, then to Assembler source, then to an object, then links the object  with other objects and 
libraries to create an executable, as shown in Figure 3. This collection of translations is available using 
the gplc  command (GNU Prolog Compiler). The gplc  command can  translate C and Assembler source 
to object files, and link object files into executables (using ld  via gcc  on Mac OS X). The WAM source 
can be loaded directly into a Prolog environment  and executed. The Mini-assembler source cannot be 
directly executed by GProlog. The Assembler source is an intermediate representation used to create na-
tive code object  files. It  is input to the host platform’s assembler command (e.g. as  on Mac OS X). Figure 
4 shows the compilation pipeline for the Finite Domain constraint  logic programming language. It  is an 
extension of Prolog and is compiled separately using the fd2c  command to create a C source file, which 
is then compiled using gcc .

The gprolog  command is created using gplc  to compile top_comp.pl  to create top_comp.o  and 
link in various static libraries and certain standard objects. The first object  in any executable created by 
gplc  from Prolog or WAM source is obj_begin.o . The last  object  in this executable is obj_end.o . 
When GProlog starts up (its main() entry point is executed), it  scans the running executable file starting at 
obj_begin.o and ending at obj_end.o, looking for sequences of bytes that have a certain signature pattern. 
Whenever it finds one of these, it  assumes that it  is an initialization program and executes it. (This is 
similar to how C++ handles initializers.)

Adapting XGP to be a GProlog executable
Figure 5 shows the build structure for the XGP target, which builds the XGP.app  executable and copies 
five gprolog utility commands into the XGP.app  folder (these are used to compile Prolog source from the 
XGP environment by way of command line invocations, as shown in Figures 3 and 4). The XGP.app  ex-
ecutable is basically the gprolog  command executable plus the XGP Cocoa code (the “body” of XGP) 
and the code that  connects gprolog to the XGP body (the “bridge”).
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 Figure 3. GPLC Prolog compilation pipeline. (Same key as Fig-
ure 1.)

Figure 4. GPLC Finite Domain Constraint Solver compilation 
pipeline. (Same key as Figure 1.)

The linking phase of the XGP XCode project  was altered to work with these special linking requirements. 
This turned out to be fairly simple. The “Linker Settings” of the “Target:XGP” panel has an item titled 
“Other Mach-O Linker Flags”. This item is set to: 

`$(SRCROOT)/../src/bridge/xgpdoc_gprologlink.conf`
The backquoting of this item causes it to be substituted by its contents when the linking gcc  command is 
run in the build/link phase. The entire build command (as constructed by XCode) is shown in Listing 7. 
The Cocoa objects for the XGP project are listed in -filelist...Objects-normal/LinkFileList . 
Since this argument  is before the (expansion of) xgpdoc_gprologlink .conf , all of the Cocoa XGP 
objects will precede the objects introduced by xgpdoc_gprologlink.conf  in the final executable file.

foo.pl pl2wam

foo.wam

Warren Abstract Machine (WAM)
 Prolog-syntax source

wam2ma

foo.ma

platform-independent
Mini-Assembler source

ma2asm

foo.s

platform-specific
Machine Assembler source

as
{build-specific 

assembler}

foo.o

platform-specific object

Prolog source

ld
{build-specific 

linker}
foo

bar.fd

bar.c

gcc
{build-specific 

compiler}
bar.o

fd2c
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Figure 5. Targets for the XGP XCode project.

Listing 8 shows the definition of xgpdoc_gprologlink.conf . This creates a string of the form 
`gprologlink.conf  arg1  arg2` , where arg1  is the root  source directory path for the gprolog pro-
ject, and arg2  is a comma-delimited list  of XGP objects that must  be inside the range of locations delim-
ited by obj_begin.o  and obj_end.o  of the final executable, after the gprolog “system” objects (which 
have initializations that must  run before any initializations associated with the code in arg2 ) and before 
the gprolog static libraries.

gcc  -o /builds/Dev/XGP.app/Contents/MacOS/XGP\
"-L /builds/Dev "\
"-L/gprolog-1.2.18/src/BipsFD"\ 
"-L/gprolog-1.2.18/src/EngineFD"\ 
"-L/gprolog-1.2.18/src/EnginePl"\ 
"-L//gprolog-1.2.18/src/Linedit"\
"-L/gprolog-1.2.18/src/BipsPl"\
"-F/builds/Dev"\
-filelist /buildtemp/XGPDoc.build/Dev/XGP.build\
/Objects-normal/LinkFileList\
"-arch" "ppc" "-prebind" "-Wl,-no_arch_warnings"\ 
"`/xgp/project/../src/bridge/xgpdoc_gprologlink.conf`"\
"-framework" "Cocoa"\
"-framework" "Carbon"

Listing 7. GCC build command for XGP.

Listing 9 shows the definition of gprologlink.conf. This expects two arguments as described above. It 
returns a simple substitution string of the form Ò-Wl,  startObjects,arg2,endObjects  -lmÓ  . The 
-Wl, option is used to specify that the following argument is for use with the linker and that if there are 
any commas in it then it  will be parsed into separate linker arguments at  the commas.
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# Form of output: `PATH/gprologlink.conf arg1 arg2`
#      arg1: root source directory path for gprolog
#      arg2: comma-delimited list of XGP objects

echo -n `../src/bridge/gprologlink.conf \
/gprolog-1.2.18/src \
../src/bridge/xgp_main.o,\
../src/bridge/xgp_bridge_from_gprolog.o,\
../src/bridge/xgp_bridge_from_gprolog_graphics.o,\
../src/bridge/xgp_bridge_to_body.o,\
../src/bridge/xgp_doc_open.o,\
../src/bridge/xgp_control_window.o,\
../src/bridge/xgp_doc_interface.o`

Listing 8. xgpdoc_gprologlink.conf

The XGP objects shown in Listing 6, xgp_main.o , xgp_bridge_from_gprolog.o , 
xgp_bridge_from_gprolog_graphics.o , xgp_bridge_to_body.o , xgp_doc_open.o , 
xgp_control_window.o , and xgp_doc_interface.o  are of two kinds. The xgp_main.o  object has 
a variety of Prolog predicates and all of the “foreign” predicate definitions that the XGP environment 
uses. The others are C procedures that implement the foreign predicate definitions and supporting utility 
procedures. All of these objects are built by the “bridge” target in XCode using a custom Makefile (de-
fined using autoconf  and configure  with a configure.ac  and Makefile.in  as input).

# Inputs:
#      $1: root source directory path for gprolog
#      $2: comma-delimited list of XGP objects
#
# Form of output: Ò-Wl, startObj, $2,endObj -lmÓ
#      startObj: obj_begin.o,gprologObjs
#      endObj: gprologStaticLibs,obj_end.o

echo -n "-Wl,\
$1/EnginePl/obj_begin.o,\
$1/BipsPl/all_pl_bips.o,\
$1/BipsFD/all_fd_bips.o,\
$1/BipsPl/top_level.o,\
$1/BipsPl/debugger.o,\
$2,\
$1/BipsFD/libbips_fd.a,\
$1/EngineFD/libengine_fd.a,\
$1/BipsPl/libbips_pl.a,\
$1/EnginePl/libengine_pl.a,\
$1/EnginePl/obj_end.o,\
-lm"

Listing 9. gprologlink.conf

The Third  Challenge: Supporting Cocoa user interactions, documents, and graph -
ics in XGP  Prolog.
Supporting the Cocoa user interface and graphics facilities with Prolog predicates posed several problems. 
One problem was the need for multiple threads of execution, to separate the user interface execution from 
the processing that provided information to the UI and to allow Prolog predicate evaluations to wait on 
user interactions. A second problem was connecting XGPDocument  objects (holding gprolog source files) 
to the UNIX stream I/O system. This was necessary to be able to use GProlog’s read  and write  predi-
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cates to read from and write to XGPDocument windows using UNIX streams.  A third problem was cre-
ating a system that mapped the “XGP Graphics Description Language” (XGDL, based on the GDL of 
LPA’s MacProlog) to the Cocoa Quartz graphics services.

Multiple threads
The particularly tricky part about multiple threads was the need to have multiple GProlog evaluation 
threads running at  the same time. GProlog is not  reentrant: it  relies heavily on static values when evalu-
ating a query. The solution XGP used was to have a cooperative threading model imposed on GProlog and 
extend GProlog to be able to “suspend” and “resume” its execution state, where there may be several 
GProlog thread suspensions active at one time, but  at most  one GProlog thread can be resumed at one 
time.

The XGPController thread (the main XGP thread) is reserved for (generally very short) operations that 
serviced the user interface. All user interface calls are made through XGPController (which often trans-
fers the call to a support  object). Everything else is run on XGPAdaptor threads: the XGPAdaptor  objects 
being run by NSThread objects. The XGPAdaptor object  is used to call into GProlog using its call-from-C 
interface. Also, a predicate evaluation in GProlog might call “out” to the XGPAdaptor object  “on” the 
same thread as the GProlog evaluation. The dozens of methods that  transfer between XGPAdaptor and 
XGPController generally relied on implicit NSArchiver calls. However, in three of these methods the 
implementation used explicit  invocations of 

[NSArchiver archivedDataWithRootObject:object].
For reasons that remain a mystery, the implicit NSArchiver call wasn’t  being done in just  these three 
cases (perhaps it  would work now...).

XGPDocuments and UNIX Streams
GProlog uses common UNIX stream procedures to implement file I/O predicates: The UNIX procedures 
fopen() , fclose() , lseek() , read() , and write()  are used by GProlog to support the implementa-
tions of open/3 , close/1 , read/N , and write/N  predicates. In order to capture GProlog I/O in an 
XGP document and to coordinate with the cooperative multi-threading of GProlog in XGP, it was neces-
sary to change GProlog and XGP. There were three changes to GProlog and xgp_doc_open_stub.c  
was added, a file defining stub procedures. Listing 10 shows the Init_Stream_Supp  procedure calls 
XGP_Doc_Stdio()  to set local_stdin , local_stdout , and local_stderr  instead of using the 
default values of stdin , stdout , and stderr .

#ifdef M_powerpc_darwin
  XGP_Doc_Stdio(&local_stdin, &local_stdout,
! &local_stderr);
#else
  local_stdin = stdin;
  local_stdout = stdout;
  local_stderr = stderr;
#endif

  stm_stdin = Add_Stream_For_Stdio_Desc(local_stdin, 
! atom_user_input, STREAM_MODE_READ, TRUE);

Listing 10. Fragment of Init_Stream_Supp()  in 
stream_supp.c. The Ò#ifdef M_powerpc_darwinÒ  portion 

supports GProlog I/O being redirected to XGP document.

The second and similar minor change is shown in Listing 11: XGP_Doc_Open()  is used to open a file 
instead of calling fopen()  directly. The third minor change was to extend the gplc  LinkCmd  (in 
top_comp.c ) to link in xgp_open_doc_stub.o .
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The xgp_open_doc_stub  versions of XGP_Open_Doc()  and XGP_Doc_Stdio()  work the same as the 
unmodified GProlog I/O. The XGP versions of these procedures are in xgp_doc_interface.c . These 
versions call XGP_Open_Doc_Imp()  and XGP_Doc_Stdio_Imp() , respectively. When XGP is linked 
XGP’s xgp_doc_interface.o  file is used instead of GProlog’s xgp_open_doc_stub.o , so the XGP 
alternative stream I/O is used by GProlog. XGP’s alternative stream I/O sets up FILE structures with its 
own read, write, seek, and close procedures. Also, it  keeps track of the mapping (if any) between streams 
(as defined by FILE structures) and XGP Documents. An XGP-managed stream may connect directly to a 
file, or it may connect  to an XGP document  (which may have an associated file).

int
Add_Stream_For_Stdio_File(char *path, int mode, Bool text)
{
  FILE *f;
  char open_str[10];
  int atom_path;

  /* following call only for open_str */
  Prop_And_Stdio_Mode(mode, text, open_str);
#ifdef M_powerpc_darwin
  if ((f = XGP_Doc_Open(path, open_str)) == NULL)
    return -1;
#else
  if ((f = fopen(path, open_str)) == NULL)
    return -1;
#endif

  atom_path = Create_Allocate_Atom(path);

  return Add_Stream_For_Stdio_Desc(f, atom_path,
! ! mode, text);
}

Listing 11. Add_Stream_For_Stdio_File()  procedure in 
stream_supp.c. The “#ifdef M_powerpc_darwinÒ portion  

supports GProlog I/O being redirected to XGP document.

The FILE._read  procedure is set  to _xgp_doc_read() , which extracts the file identifier from the 
FILE  structure and calls xgp_doc_read_util() . This procedure suspends GProlog (mentioned in the 
“Multiple Threads” discussion) so that other XGPAdaptor threads can execute in case the read blocks. It 
invokes read_from_document_util()  which makes the Objective-C call of [[XGPAdaptor  cur -
rentTarget]  readFromDocument:isEndlessStream:toCString:withMaxLength:]  to get 
“into” the XGPAdaptor object. Listing 12 shows the implementation of 
readFromDocument:isEndlessStream:toCString:withMaxLength: . If the document  is an 
“endless stream” (e.g. is input  from the user such as the #XGP Console#  document), then the method 
requests [_proxy  readFromDocumentToStoredString:withMaxLength:]  to asynchronously re-
cord the next input in XGPController’s _storedString  instance variable. The XGPAdaptor method 
then blocks on _storedStringLock . When XGPController gets input  in the document of interest it re-
cords it in _storedString  and unlocks _storedStringLock . This allows the XGPAdaptor to lock 
_storedStringLock  and then get the new input (using XGPController’s storedStringFromDocu -
ment  method) and return it  (as a “Prolog” C string). If the document  is not an endless stream, then 
readFromDocument:isEndlessStream:toCString:withMaxLength:  becomes a call of 
[XGPAdaptor readFromDocumentNoWait:toCString:withMaxLength:] . This does a synchro-
nous call of XGPController to do the read and returns the result directly.
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The FILE._write  procedure is _xgp_doc_write()  which is implemented similarly to 
_xgp_doc_read() , but it doesn’t  suspend GProlog and doesn’t  expect  to block. The FILE._seek  pro-
cedure is _xgp_doc_seek()  and it  is similar to _xgp_doc_write() . The FILE._close  procedure is 
_xgp_doc_close() . It  is very simple, it “releases” the FILE  data as long as there is no XGPDocument 
associated with it (i.e. FILE._file  == -1 ).

- (int) readFromDocument:(long)inDocumentID 
! isEndlessStream:(int)isEndlessStream
! toCString:(char*)inCString
! withMaxLength:(int)inMaxLength
{
  NSString * string;
  int resultLength = 0;

  if( isEndlessStream )
  {
    [_proxy readFromDocumentToStoredString:inDocumentID
! withMaxLength:inMaxLength];

    [_storedStringLock lock];
    string = [_proxy storedStringFromDocument: 
! inDocumentID];
    // storedString waits until there has been a read.
    [_storedStringLock unlock];

    resultLength = [string getPrologCString:inCString
! maxLength:inMaxLength]; ! !
  }
  else
  {
    resultLength
! = [self readFromDocumentNoWait: inDocumentID
! ! toCString:inCString
! ! withMaxLength:inMaxLength];
  }
!
  return resultLength;
}

Listing 12. 
readFromDocument:isEndlessStream:toCString:with
MaxLength:  method in XGPAdaptor . For “endless streams” 

(user input) it blocks waiting for input to be put into XGPDocu-
ment’s “stored string”. For regular file input it uses a non-

blocking read.

Graphics for XGP Prolog
There are three parts to the implementation of the XGP graphics system: the Cocoa implementation, the 
Prolog implementation, and the connection between them. The Cocoa implementation was based on the 
Sketch example from Apple (/Developer/Examples/AppKit/Sketch/ ). The Prolog implementation 
provides the XGP Graphic Definition Language, parsing and transforming XGDL specifications to the 
basic C and Objective-C procedures provided to bridge to the Cocoa graphics implementation.
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Cocoa Graphics for XGP
The Sketch implementation sources are divided into the view_control and model groups. Changes to the 
view_control group included: made it  less directly interactive--the interactions are to be executed through 
Prolog predicates; enhanced XGPGraphicWindowController (based on SKTDrawWindowController) to 
i m p l e m e n t a m i n i m a l s t a n d a r d s i z e f o r t h e w i n d o w 
(windowWillUseStandardFrame:defaultFrame: ), keep track of window activation/deactivation/
closing for invoking a Prolog window activation handler predicate, and provide graphic selection, dese-
lection, and scrollTo:(NSPoint) methods.

The model group source changes were more substantial:
XGPDrawDocument--graphic name management, window management  (closing, hiding, showing), menu 
item validation, window activation handler, graphic selection management, scrolling control, display or-
der management, and removed scripting support;
XGPGraphic--added extendedContext  management, reorganized drawing architecture to support  use of 
NSImage for drawing all graphics (relying heavily on the NSCustomImageRep class), and made various 
minor changes (e.g. shift, GDLType, centerOrigin coords, removed fillColor, compositing coordinate 
management).

Figure 6. Drawing of [textline('Times',10,1, 130, 50  
,a1, off),line((145,100),(130,100)), textli -

ne('Times',10,0, 130,105,a2,off)] .

Figure 7. Drawing of [rotate(60, 50, 50, box(0, 0, 
100,100)), pen([red], box(0, 0, 100,100))] .
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There are several specific graphic types in common between Sketch and XGP: Circle, Rectangle, Line, 
TextArea, and Image.  The XGPTextArea class adds font  setting to SKTTextArea. The XPGImage class 
adds compositing to SKTImage. New basic image types for XGP were: Lines, Oval, and RoundedRectan-
gle. There are three major extensions to the model architecture. One of these is the XGPList  class for a 
collection of graphics, which can be used recursively. This allows a complex image composed of many 
graphic specifications to be managed as a single graphical item: one name, a single transformation (such 
as scaling) can be applied to the entire complex graphic, and it  can be cached as a single NSImage. Figure 
6 shows the  result  of evaluating

add_pic(gfx_test_add, simple_row,
! [textline('Times', 10, 1, 130, 50, a1, off),
 ! line( (145, 100), (130, 100)),
 ! textline('Times', 10, 0, 130, 105, a2, off)]).

This adds an item named “simple_row” to the “gfx_test_add” window that is a list  of three primitive ob-
jects: textline/7  drawing ‘a1’, line/2  for a short  vertical line, and textline/7  drawing ‘a2’.

The second extension is the XGPTransform graphic class (and its subclasses) that  applies a transforma-
tion to an arbitrary graphic, which can be used recursively. The supported transformations are fill colors 
and patterns, pen (stroke) colors and patterns, scaling, translation (changing coordinates), and rotation. 
Figure 7 shows the  result of evaluating

add_pic(gfx_test_add, turning_box,
! [rotate(60, 50, 50, ! box(0, 0, 100,100)),
 ! pen([red], box(0, 0, 100,100))]).

This adds an item named “turning_box” to the “gfx_test_add” window that is a list of two transform 
items, rotate/4  and pen/2 . The rotate/4  item rotates a box/4  with top left corner at (0, 0) and sides 
of 100 around the point  (50, 50) (its center) by 60 degrees. The pen/2  item applies the color red  to the 
same unrotated box/4 .

The third extension is the “extended context” in support of the XGPTransform mechanism. The 
NSGraphicContext holds various pieces of information that  control the display behavior. Exactly what 
information i held in an NSGraphicContext is scattered through Apple’s documentation. Among these 
pieces of information in addition to the items directly documented for NSGraphicContext  are: the clipping 
path (set by NSBezierPath), coordinate transformations as defined by an NSAffineTransform (the set  
and concat  methods defined as of 10.4 in the NSAppKitAdditions category for NSAffineTransform--this 
doesn’t appear to be documented any more),  the text font as defined by a set  or setInContext  method 
invocation to an NSFont object, and the drawing color as defined by set , setFill , and setStroke  
method invocations to an NSColor object.3 The extended context  of XGP is a dictionary managing fore-
ground color, background color, and pattern for fill and pen (stroke) drawing.

Graphics Bridge
The graphics bridge has a C API that is used by the Prolog XGDL implementation. The C bridge API 
calls through XGPAdaptor, across threads to XGPController, then to an XGPDrawDocument. This exe-
cution pattern for supporting Prolog predicates is similar to that discussed for _xgp_doc_read() . The C 
graphics API defines 30 Prolog foreign predicates. These are in two major logical groups: document man-
agement such as creation, hiding, and scrolling, and item management such as add, get, delete, change, 
select, deselect. A major challenge in implementing the graphics bridge was managing the graphic defini-
tion for an item.

The graphic definition had three representations: one for Prolog, a second one for C, and a third one for 
Objective-C. The C and Objective-C representations could perhaps have been collapsed, but this would 
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have violated a design objective of the XGP architecture to have a clean layering of Prolog, C, and 
Objective-C. The “bridge” subsystem is in C, it transforms between its C data structures and the Prolog 
data structures. The XGPAdaptor class “adapts” between the C data structures of the bridge subsystem 
and the Objective-C data structures of the “body” subsystem (of which XGPAdaptor is a part).

Listing 13 shows the bridge graphic (BG) structure for defining a box (BGE_Box) and the utility structure 
for a rectangle (BGU_Rect). The code for adding a box graphic item is shown in Listing 14. The input 
Prolog term in itemDescTerm  is similar to box(50,  75,  100,  200) . The Prolog C utility procedure 
Rd_Compound_Check()  call interprets the itemDescTerm  into itemTypeAtom  for the functor box and 
the list of terms descTerms  for the arguments 50 , 75 , 100 , and 200 . The C string for the functor is ac-
cessed using the Prolog C procedure Atom_Name(itemTypeAtom)  and is analyzed to determine the type 
of the item description, which is the constant G_IT_BOX. The Prolog C utility Rd_Number_Check  (de -
scTerms[K])  is used to interpret the K+1’th argument of the input  Prolog structure as an int . At this 
point, a BGE_Box structure has been set  up that encodes the input  box(50,  75,  100,  200)  Prolog 
term.

struct BGU_Rect
{
  int! _top;
  int! _left;
  int! _depth;
  int! _width;
};

struct BGE_Box
{
  /* _type maybe one of: G_IT_BOX, G_IT_FILLBOX,
! G_IT_OVAL, G_IT_FILLOVAL */
  int! _type; 
  struct BGU_Rect ! _rect;
};

Listing 13. The BridgeGraphic structures for rectangle and box.
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descTerms = Rd_Compound_Check(itemDescTerm,
! &itemTypeAtom, &descArity);
type = convert_graphics_item_type_name_to_ID(
! Atom_Name( itemTypeAtom ) );
switch( type )
{
  case G_IT_BOX: case G_IT_FILLBOX: case G_IT_OVAL:
  case G_IT_FILLOVAL:
  {
    struct BGE_Box * boxDescPtr
! = calloc(sizeof(struct BGE_Box), 1);

    boxDescPtr->_type = type;
    boxDescPtr->_rect._top
! = Rd_Number_Check (descTerms[0]);
    boxDescPtr->_rect._left
! = Rd_Number_Check (descTerms[1]);
    boxDescPtr->_rect._depth
! = Rd_Number_Check (descTerms[2]);
    boxDescPtr->_rect._width
! = Rd_Number_Check (descTerms[3]);
    break;
  }
...
}

Listing 14. Source fragment of make_description()  in 
xgp_bridge_from_gprolog_graphics.c . This processes an 

input description for the box graphic item type. Input is item -
DescTerm . Called by xgp__graphics_add_item() .

The next transformation in the process of adding a graphic item is made by XGPAdaptor. Listing 15 
shows the implementation of graphicsAddItemFromGProlog:withName:describedBy: . This uses 
the dictionaryWithStruct:  method of the XGPGraphicsItemDescription  interface for NSMuta-
bleDictionary  to build an NSMutableDictionary  for the Objective-C graphic description derived 
from the BGE_Box C structure discussed above.
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- (void) graphicsAddItemFromGProlog:(const char*)inDocumentName
! withName:(const char*)inName
! describedBy:(void*)inDescriptionStruct
{
  NSString * documentNameString
! = [[[NSString alloc] initWithCString:inDocumentName]
! ! retain];
  NSString * nameString
! = [[[NSString alloc] initWithCString:inName]
! ! retain];
  !
  NSMutableDictionary* description
! = [NSMutableDictionary
! ! dictionaryWithStruct:inDescriptionStruct];

  NSData * data
! = [NSArchiver archivedDataWithRootObject:description];

  [_proxy graphicsAddItem:documentNameString
! withName:nameString describedBy:data];
}

Listing 15. 
graphicsAddItemFromGProlog: withName:describedBy: 

method in XGPAdaptor(_graphics) category.

Listing 16 shows a fragment of dictionaryWithStruct: that  creates a property list NSMutableDictionary 
object  that  is used by the graphics model code to build the hierarchy of graphic item objects that  manage 
the display. This fragment  is for the same type of item that  Listing 14 presents for creating the BGE_Box 
structure.  The property list  created for box(50,  75,  100,  200)  has three key-value pairs: 
XGPClassKey -@ÓRectangleÓ , XGPGDLTypeKey-G_IT_BOX, and XGPBoundsKey-@Ó{{50,  75}, 
{100, 200}}Ó .

Prolog implementation of XGDL

The final piece of the graphics implementation of XGP is the XGDL support in Prolog. There is a rough 
correspondence of XGDL predicates and graphics-supporting foreign predicates. Listing 17 shows the 
Prolog source for the add_pic/3 predicate. This uses the XGP Prolog utility predicate 
gdl_transform_description/2  to process the description provided by the XGDL caller into a form 
appropriate to the graphics support API. This transformation can be extensive, but for the case where the 
caller provides box(50,  75,  100,  200) , no modification is needed. An example of a nontrivial trans-
formation would be turning 

fill([rgb(34000, 990, 3000)], fillbox(89, 32, 532, 126))
into

fillfg(rgb(0.51880674448767838, 0.015106431677729458, 
0.045777065690089262, 1.0), fillbox(89, 32, 532, 126)).

In this  example,  the  RGB values  of  XGDL are  converted  from  the  range  0 - 65535 to 
0.0 - 0.1, the alpha value of 1.0 is added to the rgb() term, and the fill([rgb()],  X)  form is converted 
to fillfg(rgb(),  X)  (fillfg stands for “fill foreground”). This would ultimately be translated to an 
XGPTfmFill object holding an NSColor for the given RGBA values and an XGPRectangle for the given 
box with its “fill” flag turned on.
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NSRect bounds; NSRect objBounds; id obj = nil;
int type = *((int*)inDescriptionStruct);

[result setObject:[NSMutableDictionary graphicsClassName:type]
! forKey:XGPClassKey];
[result setObject:[NSString stringWithFormat:@"%d",type,nil]
! forKey:XGPGDLTypeKey];

switch(type)
{
  case G_IT_BOX: case G_IT_FILLBOX:
  case G_IT_OVAL: case G_IT_FILLOVAL:
  {
    struct BGE_Box * boxDescPtr
! = (struct BGE_Box *)inDescriptionStruct;
    obj = NSStringFromRect(
! NSMakeRect(
! ! boxDescPtr->_rect._left, boxDescPtr->_rect._top,
! ! boxDescPtr->_rect._width, boxDescPtr->_rect._depth));

    [result setObject:obj forKey:XGPBoundsKey];
    if( type == G_IT_FILLBOX || type == G_IT_FILLOVAL )
! [result setObject:@"YES" forKey:XGPDrawsFillKey];
    break;
  }
...
}

Listing 16. Fragment of dictionaryWithStruct: method for encod-
ing BGE_Box structure into a property list.

add_pic(Window, Name, Description) :-
  gdl_transform_description(Description, TransformedDescription),
  xgp__graphics_add_item(Window, Name, TransformedDescription).

Listing 17. add_pic/3 predicate. Add graphic named Name and 
defined by Description to graphic document Window.

Conclusion.
This discussion has ranged widely over various aspects of the XGP implementation, covering some of the 
design challenges and the Macintosh OS X technologies encountered in building XGP. Design challenges 
included making a non-thread-safe language implementation support interaction-driven execution, im-
plementing a single application across multiple programming languages (and two very different  pro-
gramming language paradigms) including idiosyncratic executable linkage requirements, and supporting 
XGP’s control of user interface, document I/O, and graphics using the Cocoa framework. Technology 
highlights included the GNU Build System, custom XCode build and link phases, NSThread, and the 
Sketch approach to Cocoa graphics.

The XGP system is still very much a work in progress. However, a great deal has been achieved due in 
large part to the great tools available with Mac OS X and particularly the Objective-C language and the 
Cocoa framework, the enormous resources made available by the open source community, and of course 
the fabulous Prolog language itself and Daniel Diaz’s implementation of gprolog.
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Appendix: What is Prolog?

Programming languages have different  underlying paradigms. C, Java, C++, Perl, Basic follow the im-
perative paradigm. Lisp is a functional programming language (functions are “first  class objects”) but 
with a strong imperative flavor (including destructive assignment and looping). Prolog is the most widely 
used language in the logic programming paradigm. It has several aspects that distinguish it  from these 
more widely used procedural and functional programming languages. Excellent presentations of the 
Prolog language can be found in [Bratko 1986] and [Sterling&Shapiro 1994]. The ISO standard for 
Prolog is in [Deransart   et al. 1996].

Distinctive aspects of Prolog.
This description of Prolog focuses on seven aspects: untyped logic variables, terms, program, solving a 
goal, unification, operator syntax of programs, and list syntax of programs.

Untyped logic variables.
A variable names a value instead of naming a location holding a value. For the scope of a logic variable 
the value of that  variable may be bound to a value (known) or unbound (unknown). Once a logic variable 
in some scope is bound to a value, it  remains bound to that  same value for the duration of that scope. This 
is similar to the interpretation of variables in a mathematical equation. Thus, Prolog uses single assign-
ment variables. In most programming languages where a variable names a location holding a value, the 
value associated with a particular variable may change over the scope of definition of that  variable. This 
is called destructive assignment. The logic variables in Prolog are untyped: the definition of a variable 
does not constrain the type of term that  may be bound to that variable in any way. (There are other logic 
programming languages that  have typed logic variables instead (e.g. Mercury, Gödel).)

Terms.
A Prolog program is a collection of terms, and a Prolog program manages terms. There are three basic 
kinds of terms:  symbol, variable, and structure.
¥ symbol: string of alphanumerics and underscore where first character is not uppercase alpha and not an 

underscore (foo) , or an integer or float optionally signed (1.3) , or a string of ‘graphic’ characters 
(+--/>) , or any string enclosed in single-quote characters(Ôa long atomÕ ).

¥ variable: string of alphanumerics and underscore where first character is an uppercase alpha (Stuff , 
More_23)  or an underscore (_anyTHING , or _). T he underscore by itself is called the “anony-
mous” variable.

¥ structure: a compound term which has a functor (any non-numeric symbol) followed immediately by a 
left parenthesis and one, or many arguments where each argument is a term and they are separated by a 
comma, followed by a right parenthesis (foo(Stuff, 1.3, +--/>(Ôa long atomÕ)) ). The 
number of arguments of a structure is its arity. A structure of no arguments (arity 0) is a non-numeric 
symbol.

Program.
A program is an ordered collection of terms, each followed by a period (. ). These terms are interpreted as 
 directives or clauses, and a clause is interpreted as either a rule or a fact:
• directive: a structure with function :-  and one argument (:-(include(Ô~/foo.plÕ)) ). This di-

rects the translator to do something (in this case, to include the contents of file ‘~/foo.pl’).
• clause: a clause specifies when a predicate is true. A predicate is ‘named’ by a functor and an arity (e.g. 

foo/2). There may be many clauses for the same predicate. 
• rule: a structure with functor :-  and two arguments (:-(foo(Stuff, 1.3, +--/>(Ôa 

long atomÕ), bar(Stuff)) ).
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• head: The first argument to :-/2 is the head (foo(Stuff, 1.3, +--/>(Ôa long 
atomÕ)).  The head must be a structure (possibly 0 arity). It identifies the predicate to which 
this rule applies.

• body: the second argument is the body (bar(Stuff)) .  It must be a structure (possibly 0 ar-
ity). It contains one or more goals, each of which is a structure. There are some goals that have 
goals as arguments, such as ‘,’/2 (“and”), ‘;’/2(“or”), and ‘\+’/1 (“fails”, similar to but not the 
same as “not”).

• fact: any structure that is not a directive or a rule (bar(baz)) . This structure identifies the predi-
cate to which this fact applies.

:-(foo(Stuff, 1.3, +--/>(Ôa long atomÕ), bar(Stuff)).

bar(baz).

:-(calc(AngleDegrees), is( AngleDegrees , *( AngleRadi -
ans, /(180, 3.1415926)))).

Listing A-1. Prolog program using basic syntax

Solving a goal.
Solving a goal is the Prolog equivalent  of running or calling a program in other languages. The goal for 
which a solution is requested is a query. Prolog uses a backtracking, depth-first  search of the clauses to 
find a way to show that  the query is true. For the program in Listings A-1 and A-2, the query bar(X)  is 
true when X is baz, thus the query bar(X)  is said to succeed. The query bar(quux)  fails, because 
Prolog can not find any clause which shows it to be true. (This is an example of the Closed World As-
sumption: if a goal can’t  be proved true, then it’s false.) Using an unbound variable in a goal is the major 
method of getting ‘output’ from a Prolog program.

Unification.
Two-way pattern matching between terms, where the terms are made identical by assigning bindings to 
variables (this collection of variable bindings is the most general unifier(MGU) of the two terms). The =/
2  predicate is used to represent the unification goal. =(a,a)  succeeds and =(a,  b)  does not. =(a(X, 
2),  a(1,  Y))  succeeds with X bound to 1  and Y bound to 2  (X=1 and Y=2).

Operator syntax of programs.
The basic syntax of programs discussed above is enough to write an Prolog program. However, there is a 
much more convenient enhanced syntax for Prolog that  provides infix, suffix, and prefix operators and a 
special notation for lists of terms. This enhanced syntax is basically a reshuffling of the tokens of the 
basic syntax, it  doesn’t  introduce any new semantics to the language. A Prolog implementation comes 
with a default  set of ‘operator’ definitions which can be modified and extended from within a Prolog pro-
gram. These operator definitions are of the form op(PrecedenceNumber,  AssociativityPat -
tern, OperatorSymbol) , where PrecedenceNumber  is within some implementation-defined 
range (typically 0 to 1200), AssociativityPattern  is one of fx , fy , xf , yf , xfx , xfy , and yfx , 
and OperatorSymbol  is a non-numeric symbol (e.g. >, +, --> , :- , or , ). Listing 2 shows the same 
program as in Listing 1, but using the operator syntax. The first  clause, defining foo/3 , uses the infix 
definition of :-  . The second clause (bar/1 ) is unchanged. The third clause uses infix definitions for the 
:- , is , * , and /  operators.

List syntax of programs.
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A list  is a sequence of terms. Technically, it is represented in Prolog using a recursive structure with the .  
(period) functor and the empty list  is represented using the atom [] . For instance the list of one item a  is 
represented as .(a,  []) . A list  of two items a  and b  is .(a,  .(b,  [])) . This is an awkward way 
to represent lists in a program, so there is a special syntax for non-empty lists. A list of items a1,  ..., 
an  where n > 0 is represented using a comma delimited list  of these items enclosed by square brackets: 
[a1,  ...,  an] . The list  of two items a  and b  in list  syntax is [a,  b] . This is interpreted exactly the 
same as though .(a,  .(b,  []))  had been used. One other special notation is [ H |  T] , where H 
and T are any two Prolog terms (although T must be a list or a variable if [ H |  T]  is a proper list). This 
is interpreted as .( H,  T) . In this representation, H is the head of the list  and T is the tail of the list.

foo(Stuff, 1.3, +--/>(Ôa long atomÕ) :-  bar(Stuff).

bar(baz).

calc(AngleDegrees) :-
! AngleDegrees is AngleRadians * 180 / 3.1415926.

Listing A-2. Prolog program using  operator syntax.

Example Program.
Listing A-3 is a program defining a single predicate, prolog_to_wam/2 , adapted from the XGP imple-
mentation.  This predicate demonstrates several of the syntax features discussed above. Evaluating this 
predicate has the side-effect of compiling from a Prolog source file to a WAM source file in the XGP en-
vironment. There is a single rule clause written using the operator and list syntax. The 
absolute_file_name/3 and write_pl_state_file/1 predicates are defined by gprolog; the 
xgp__auxiliary_command/2 predicate is defined by XGP. The body uses four , operators to “and” together 
 five goals: all five of these goals must succeed for the head to succeed. There are five different variables: 
PrologFileName, WAMFileName, PrologPath, WAMPath, and StatePath. There are three lists: [ac -
cess(read)],  [access(write)],  and  ['-v',  '--pl-state',  StatePath,  '-w',  '-o', 
PrologPath,  WAMPath]. The first  two lists each have one term, the third list has seven terms.

To solve the query “?- prolog_to_wam(‘~/foo.pl’, ‘~/foo.wam’).”, the system first instantiates the clause 
(makes a copy with uniquely named variables) and unifies the query goal with the head of the instantiated 
clause. Let’s say that the variable names in the instantiation are made unique by prefixing each variable 
name with _1_. This gives the bindings of _1_PrologFileName  = Ô~/foo.plÕ,  and _1_WAM-
FileName  = Ô~/foo.wamÕ . Next, the evaluation process tries to solve the first goal of the body, abso -
lute_file_name(_1_PrologFileName,  [access(read)],  _1_PrologPath) . The variable 
bindings change this to: absolute_file_name(Ô~/foo.plÕ,  [access(read)],  _1_Prolog -
Path) . This succeeds with the binding _1_PrologPath  = ÔUsers/lindsey/foo.plÕ . The second 
goal and third goals create the bindings _1_WAMPath = ÔUsers/lindsey/foo.wamÕ  and _1_State -
Path = Ô/tmp/xgp__stateÕ . The fourth goal succeeds, recording Prolog environment  state informa-
tion in the file /tmp/xgp__state . The fifth and final goal becomes:

xgp__auxiliary_command(Ôbin/gplcÕ,
! [Ô-vÕ, Ô--pl-stateÕ,  Ô/tmp/xgp__stateÕ, Ô-wÕ,
! Ô-oÕ, Ô/Users/lindsey/foo.plÕ,
! Ô/Users/lindsey/foo.wamÕ]). 

Solving this causes XGP to execute “XGP.app/bin/gplc  -v  --pl-state  /tmp/xgp__state  -w 
-o /Users/lindsey/foo.pl  /Users/lindsey/foo.wam ”. The gplc  command is GProlog’s com-
piler.
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prolog_to_wam(PrologFileName, WAMFileName) :-
  absolute_file_name( PrologFileName , [access(read)], PrologPath),
  absolute_file_name( WAMFileName, [access(write)], WAMPath),
  StatePath = Ô/tmp/xgp__stateÔ,
  write_pl_state_file(StatePath),
  xgp__auxiliary_command('bin/gplc',
    ['-v', '--pl-state', StatePath, '-w', '-o',
     PrologPath , WAMPath]).

Listing A-3. Program to compile from Prolog source to WAM 
source.
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