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License Information

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the “Software”), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, and/or
sell copies of the Software, and to permit persons to whom the Software is furnished to do so.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT OF THIRD PARTY RIGHTS. IN NO EVENT SHALL
THE AUTHORS BE LIABLE FOR ANY CLAIM, OR ANY SPECIAL INDIRECT OR CONSEQUENTIAL
DAMAGES, OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING
OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

CLIPS is released as public domain software and as such you are under no obligation to pay for
its use. However, if you derive commercial or monetary benefit from use of the software or just
want to show support, please consider making a voluntary payment based on the worth of the
software to you as compensation for the time and effort required to develop and maintain CLIPS.
Payments can be made online at http://order.kagi.com/?JKT.
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Preface

The History of CLIPS

The origins of the C Language Integrated Production System (CLIPS) date back to 1984 at
NASA’s Johnson Space Center. At this time, the Artificial Intelligence Section (now the
Software Technology Branch) had developed over a dozen prototype expert systems applications
using state-of-the-art hardware and software. However, despite extensive demonstrations of the
potential of expert systems, few of these applications were put into regular use. This failure to
provide expert systems technology within NASA’s operational computing constraints could
largely be traced to the use of LISP as the base language for nearly all expert system software
tools at that time. In particular, three problems hindered the use of LISP based expert system
tools within NASA: the low availability of LISP on a wide variety of conventional computers,
the high cost of state-of-the-art LISP tools and hardware, and the poor integration of LISP with
other languages (making embedded applications difficult).

The Artificial Intelligence Section felt that the use of a conventional language, such as C, would
eliminate most of these problems, and initially looked to the expert system tool vendors to
provide an expert system tool written using a conventional language. Although a number of tool
vendors started converting their tools to run in C, the cost of each tool was still very high, most
were restricted to a small variety of computers, and the projected availability times were
discouraging. To meet all of its needs in a timely and cost effective manner, it became evident
that the Artificial Intelligence Section would have to develop its own C based expert system tool.

The prototype version of CLIPS was developed in the spring of 1985 in a little over two months.
Particular attention was given to making the tool compatible with expert systems under
development at that time by the Artificial Intelligence Section. Thus, the syntax of CLIPS was
made to very closely resemble the syntax of a subset of the ART expert system tool developed
by Inference Corporation. Although originally modeled from ART, CLIPS was developed
entirely without assistance from Inference or access to the ART source code.

The original intent for CLIPS was to gain useful insight and knowledge about the construction of
expert system tools and to lay the groundwork for the construction of a replacement tool for the
commercial tools currently being used. Version 1.0 demonstrated the feasibility of the project
concept. After additional development, it became apparent that CLIPS would be a low cost
expert system tool ideal for the purposes of training. Another year of development and internal
use went into CLIPS improving its portability, performance, functionality, and supporting
documentation. Version 3.0 of CLIPS was made available to groups outside of NASA in the
summer of 1986.

Further enhancements transformed CLIPS from a training tool into a tool useful for the
development and delivery of expert systems as well. Versions 4.0 and 4.1 of CLIPS, released
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respectively in the summer and fall of 1987, featured greatly improved performance, external
language integration, and delivery capabilities. Version 4.2 of CLIPS, released in the summer of
1988, was a complete rewrite of CLIPS for code modularity. Also included with this release
were an architecture manual providing a detailed description of the CLIPS software architecture
and a utility program for aiding in the verification and validation of rule-based programs.
Version 4.3 of CLIPS, released in the summer of 1989, added still more functionality.

Originally, the primary representation methodology in CLIPS was a forward chaining rule lan-
guage based on the Rete algorithm (hence the Production System part of the CLIPS acronym).
Version 5.0 of CLIPS, released in the spring of 1991, introduced two new programming
paradigms: procedural programming (as found in languages such as C and Ada) and
object-oriented programming (as found in languages such as the Common Lisp Object System
and Smalltalk). The object-oriented programming language provided within CLIPS is called the
CLIPS Object-Oriented Language (COOL). Version 5.1 of CLIPS, released in the fall of 1991,
was primarily a software maintenance upgrade required to support the newly developed and/or
enhanced X Window, MS-DOS, and Macintosh interfaces. Version 6.0 of CLIPS, released in
1993, provided support for the development of modular programs and tight integration between
the object-oriented and rule-based programming capabilities of CLIPS. Version 6.1 of CLIPS,
released in 1998, removed support for older non-ANSI C Compilers and added support for C++
compilers. Commands to profile the time spent in constructs and user-defined functions were
also added.

Because of its portability, extensibility, capabilities, and low-cost, CLIPS has received
widespread acceptance throughout the government, industry, and academia. The development of
CLIPS has helped to improve the ability to deliver expert system technology throughout the
public and private sectors for a wide range of applications and diverse computing environments.
CLIPS is being used by numerous users throughout the public and private community including:
all NASA sites and branches of the military, numerous federal bureaus, government contractors,
universities, and many private companies.

CLIPS is now maintained as public domain software by the main program authors who no longer
work for NASA. See appendix A of the Basic Programming Guide for information on obtaining
CLIPS and support.

CLIPS Version 6.2

Version 6.2 of CLIPS contains two major enhancements. First, CLIPS now provides a
mechanism which allows an embedded application to create multiple environments into which
programs can be loaded. Second, an improved Windows 2000/XP CLIPS interface is now
available and the Macintosh CLIPS interface has been enhanced to support MacOS X. For a
detailed listing of differences between the 6.x releases of CLIPS, refer to appendix B of the Basic
Programming Guide and appendix C of the Advanced Programming Guide.
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CLIPS Documentation
Two documents are provided with CLIPS.
e The CLIPS Reference Manual which is split into the following parts:

e Volume I - The Basic Programming Guide, which provides the definitive description of
CLIPS syntax and examples of usage.

e Volume II - The Advanced Programming Guide, which provides detailed discussions of
the more sophisticated features in CLIPS and is intended for people with extensive
programming experience who are using CLIPS for advanced applications.

e Volume III - The Interfaces Guide, which provides information on machine-specific
interfaces.

e The CLIPS User’s Guide which provides an introduction to CLIPS rule-based and
object-oriented programming and is intended for people with little or no expert system
experience.
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Section 1 - Introduction

This manual is the Advanced Programming Guide for CLIPS. It describes the Application
Programmer Interface (API) that allows users to integrate their programs with CLIPS and use
some of the more sophisticated features of CLIPS. It is written with the assumption that the user
has a complete understanding of the basic features of CLIPS and a background in programming.
Many sections will not be understandable without a working knowledge of C. Knowledge of
other languages also may be helpful. The information presented here will require some
experience to understand, but every effort has been made to implement capabilities in a simple
manner consistent with the portability and efficiency goals of CLIPS.

Section 2 describes how to install and tailor CLIPS to meet specific needs. Section 3 of this
document describes how to add user-defined functions to a CLIPS expert system. Section 4
describes how to embed a CLIPS application in a C program. Section 5 describes how to create
run-time CLIPS programs. Section 6 discusses integrating CLIPS with languages other than C.
Section 7 details the input/ output (I/O) router system used by CLIPS and how the user can
define his own I/O routers. Section 8 discusses CLIPS memory management. Section 9 discusses
environments which allow multiple expert systems to be loaded and run concurrently.

Not all of the features documented here will be of use to all users. Users should pick those areas
which are of specific use to them. It is advised that users complete the Basic Programming
Guide before reading this manual.

1.1 WARNING ABOUT INTERFACING WITH CLIPS

CLIPS provides numerous methods for integrating with user-defined code. As with any powerful
capability, some care must be taken when using these features. By providing users with the
ability to access internal information, we have also opened the door to the possibility of users
corrupting or destroying data that CLIPS needs to work properly. Users are advised to be careful
when dealing with data structures or strings which are returned from calls to CLIPS functions.
Generally, these data structures represent useful information to CLIPS and should not be
modified or changed in any way except as described in this manual. A good rule of thumb is to
duplicate in user-defined storage space every piece of information taken out of or passed into
CLIPS. In particular, do not store pointers to strings returned by CLIPS as part of a permanent
data structure. When CLIPS performs garbage collection on symbols and strings, the pointer
reference to the string may be rendered invalid. To store a permanent reference to a string,
allocate storage for a copy of the string and then copy the string returned by CLIPS to the copy’s
storage area.
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1.2 C++ COMPATIBILITY

The CLIPS source code can now be compiled using either an ANSI C or C++ compiler.
Minimally, non-ANSI C compilers must support full ANSI style function prototypes and the
void data type in order to compile CLIPS. If you want to make CLIPS API calls from a C++
program, it is usually easier to do the integration by compiling the CLIPS source files as C++
files. This removes the need to make an extern "C" declaration in your C++ program for the
CLIPS APIs. Some programming environments allow you to specify the whether a file should be
compiled as C or C++ code based on the file extension. Other environments allow you to
explicitly specify which compiler to use regardless of the extension (e.g. in gcc the option “-x
c++” will compile .c files as C++ files). In some environments, the same compiler is used to
compile both C and C++ programs and the compiler uses the file extension to determine whether
the file should be compiled as a C or C++ program. In this situation, changing the .c extension of
the CLIPS source files to .cpp usually allows the source to be compiled as a C++ program.

1.3 THREADS AND CONCURRENCY

The CLIPS architecture is designed to support multiple expert systems running concurrently
using a single CLIPS application engine. The environment API, described in section 9, is used to
implement this functionality. In order to use multiple environments, CLIPS must be embedded
within your program either by linking the CLIPS source code with your program or using a
shared library such as a Dynamic Link Library (DLL). The standard command line version of
CLIPS as well as the operating system specific development interfaces for Windows, Mac OS X,
and X Windows provide access to a single environment. It is not possible to load and run
multiple expert systems using these versions of CLIPS.

If multiple environments are created, a single thread of execution can be used to run each expert
system. In this situation, one environment must finish executing before control can be passed to
another environment. The user explicitly determines which environment should be executed by
using the environment API to set the current environment. Once execution of an API call for that
environment begins, the user must wait for completion of the API call before passing control to
another environment.

Most likely, this type of execution control will be used when you need to make several expert
systems available to a single end user, but don’t want to go through the process of clearing the
current expert system from a single environment, loading another expert system into it, and then
resetting the environment. Instead, each expert system is loaded into its own environment, so to
change expert systems it is only necessary to switch to the new environment and reset it.

A less likely scenario for this type of execution control is to simulate multiple expert systems

running concurrently. In this scenario, each environment is allowed to execute a number of rules
before control is switched to the next environment.
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Instead of simulating multiple expert systems running concurrently, using the multi-threading
capabilities native to the operating system on which CLIPS is running allows concurrent
execution to occur efficiently and prevents one environment from blocking the execution of
another. In this scenario, each environment uses a single thread of execution. Since each
environment maintains its own set of data structures, it is safe to run a separate thread on each
environment. This use of environments is most likely for a shared library where it is desirable to
have a single CLIPS engine running that is shared by multiple applications.

Warning

Each environment can have at most one thread of execution. The CLIPS internal data structures
can become corrupted if two CLIPS API calls are executing at the same time for a single
environment. For example, you can’t have one thread executing rules and another thread
asserting facts for the same environment without some synchronization between the two threads.

1.4 GARBAGE COLLECTION

Garbage collection is a process used by CLIPS to manage memory that most users do not need to
understand to use CLIPS. In some cases, when users embed CLIPS within their applications, a
knowledge of the garbage collection process is necessary to understand when values returned by
CLIPS to an embedding program can be safely accessed.

As a CLIPS program executes, it allocates and deallocates numerous types of data structures. In
many cases, some data structures cannot be immediately deallocated because either outstanding
references to the data structure still exist or the need to deallocate the data structure is
questionable. Data which has been marked for later deallocation is referred to as garbage. The
process of deallocating this garbage is referred to as garbage collection. CLIPS only performs
garbage collection when it can determine that it is safe to deallocate the data structures marked
for deallocation.

The following example illustrates several important concepts:

CLIPS>
(defrule gc-example

?f <- (factoid ?7g)

=>

(retract ?f)

(printout t "The value is " ?g crlf))
CLIPS> (assert (factoid (gensym*)))
<Fact-0>
CLIPS> (run)

The value is genl
CLIPS>
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First the gc-example rule is entered at the command prompt. The RHS of this rule retracts the
factoid fact bound on the LHS of the rule. It then prints out one of the field values contained in
this fact. The next command creates a factoid fact that activates the rule. This fact contains the
unique symbol genl returned by the gensym™* function. The genl symbol is initially considered
to be garbage when created since nothing refers to it, but when it is asserted as part of the factoid
fact it’s no longer considered as garbage and isn’t subject to garbage collection.

When the run command is issued, the gc-example rule fires. The first action of the rule retracts
the factoid fact bound on the LHS of the rule. The fact is now considered to be garbage. The
symbol genl contained in the fact is also marked as being garbage since the fact contains the
only reference to it. The next action in the rule prints the value from the factoid fact bound to the
variable ?g. Since CLIPS directly retrieves this value from the fact, if the fact and symbols
associated with it had been immediately deallocated when the retract command was executed,
these values would not be available when the printout command is executed.

Since garbage created by the RHS actions may be accessed by other RHS actions, CLIPS does
not initiate garbage collection for garbage created by RHS actions until the rule has finished
firing. In this example, once the gc-example rule has finished firing, since there are no
outstanding references to the factoid fact or the gen/ symbol the data structures associated with
these can be deallocated.

The garbage collection behavior would be changed by adding an assert command to the rule
RHS:

(defrule gc-example
?f <- (factoid ?7g)
=>
(retract ?7f)
(printout t "The value is " ?g crlf)
(assert (info ?g)))

In this case, the factoid fact and the genl symbol would be marked as garbage as a result of the
retract command, but the assertion of the info fact with the gen/ symbol removes the symbol
from consideration for garbage collection. Once the rule finishes executing, however, the other
data structures associated with the fact are still subject to garbage collection.

This next example is a simpler example of garbage collection that will be used to compare and
contrast garbage collection triggered by the command prompt to that triggered by an embedding
application.

CLIPS> (gensym*)
gen2
CLIPS>
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The gensym™* function entered at the command prompt returns the unique symbol gen2. This
newly created symbol is assumed to be garbage until an outstanding reference to the symbol is
established. In this case, once the return value has been displayed and control returned to the
command prompt, garbage collection is initiated as part of the command prompt loop and the
data structures associated with the symbol can be deallocated,

The following main routine is an equivalent embedded program that makes a call to the gensym*
function.

main()

{
DATA_OBJECT rtn;

InitializeEnvironment();

FunctionCall("gensym*" NULL,&rtn);
}

The key difference between this example and the command loop example is that the gen2
symbol returned to the command loop can be garbage collected after it is printed, but the value
returned to the embedding main program can not be safely garbage collected until the embedding
program has finished using it.

If the values returned to an embedding program are never garbage collected, continuous
execution would result in a program eventually running out of memory. CLIPS addresses this
issue by automatically invoking garbage collection for the following embedded functions:
Assert, AssertString, Clear, Deletelnstance, DirectPutSlot, FunctionCall, Makelnstance,
Reset, Send, SetDefglobalValue, Undefclass, Undeffacts, Undeffunction, Undefgeneric,
Undefglobal, Undefinstances, Undefmethod, Undefrule, Undeftemplate, and
Unmakelnstance. Calling one of these functions will not garbage collect any data returned from
that call, but it could garbage collect data returned from prior calls.

The following main routine is an example of how garbage collection affects whether you can
safely access data returned by CLIPS.

main()

DATA_OBJECT rtn;
char *strl, *str2;

InitializeEnvironment();

FunctionCall("gensym*" /NULL,&rtn);
strl = DOToString(rtn);

/* Safe to refer to strl here. */

FunctionCall("gensym*" /NULL,&rtn);
str2 = DOToString(rtn);
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/* Not safe to refer to strl here. */

}

The first call to FunctionCall could trigger garbage collection, but since no data has been
returned yet to the embedding program this does not cause any problems. The next call to
DOToString stores the string value in the DATA_OBJECT rtn in the strl variable. At this point,
strl can be safely referenced.

The second call to FunctionCall could also trigger garbage collection. In this case, however, the
value returned by the prior call to FunctionCall could be garbage collected as a result. Therefore
it is not safe to reference the value stored in str/ after this point. This is a problem if, for
example, you want to compare the value of strl to str2.

There are two ways to work around this problem. The first is to create your own copies of str/
and str2. This is somewhat inconvenient since you have to determine the size of the strings,
allocate space for them, copy them, and then delete them once they’re no longer needed. The
second way is more convenient. CLIPS provides two functions, IncrementGCLocks and
DecrementGCLocks, which allow you to temporarily disable garbage collection. Each call to
IncrementGCLocks places a lock on the garbage collector. Each call to DecrementGCLocks
removes a lock from the garbage collector. If the garbage collector has one or more locks place
on it, it is disabled and garbage collection does not occur.

void IncrementGCLocks();
void DecrementGCLocks();

The use of these functions is demonstrated in the following revised main routine:

main()

{
DATA_OBJECT rtn;
char *strl, *str2;

InitializeEnvironment();
IncrementGCLocks();

FunctionCall("gensym*" NULL,&rtn);
strl = DOToString(rtn);

/* Safe to refer to strl here. */

FunctionCall("gensym*" NULL,&rtn);
str2 = DOToString(rtn);

/* Safe to refer to strl here. */

DecrementGCLocks();
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In this case, the second call to FunctionCall can’t garbage collect the string referenced by str/,
so it 1s safe to refer to this string after the call. The same effect could also be achieved by moving
the IncrementGCLocks call after the first call to FunctionCall.

The garbage collector should not be disabled indiscriminately as shown in the following
example:

main()

{

InitializeEnvironment();
IncrementGCLocks();

Load("mab.clp™);
Reset();
Run(-1);

DecrementGCLocks();
}

First, while calling Reset could trigger garbage collection on values returned to the embedding
program, in this case there are no such values. Second, while Load and Run won’t trigger
garbage collection on values returned to the embedding program, they do trigger garbage
collection to remove garbage generated during their execution. Garbage collection should only
be disabled for brief periods of time. The primary execution of your program should occur with
garbage collection enabled.

It is only necessary to consider the effects of garbage collection when an embedding program is
retrieving data from CLIPS. When calls to a user function by CLIPS are made (such as to a
user-defined function), the possible consequences of garbage collection do not have to be
considered. In this case, garbage collection will not be triggered for any data retrieved by the
user function until after the user function has exited.
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Section 2 - Installing and Tailoring CLIPS

This section describes how to install and tailor CLIPS to meet specific needs.

2.1 INSTALLING CLIPS

CLIPS executables for DOS, Windows 95/98/NT/XP, and MacOS are available for download
from the internet. See Appendix A in the Basic Programming Guide for details. To tailor CLIPS
or to install it on another machine, the user must port the source code and create a new
executable version.

Testing of CLIPS 6.23 included the following hardware/software environments:

e Dell Dimension 8250 running Windows XP Professional with DJGPP 3.21 (for creating 32-
bit protected mode DOS applications), Microsoft Visual C++ 6.0, Borland C++ 5.0, and
CodeWarrior 9.4.

* Apple iBook running MacOS X 10.3.7 using CodeWarrior 9.4 and Xcode 1.2.

CLIPS was designed specifically for portability and has been installed on numerous other
computers without making modifications to the source code. It should run on any system which
supports an ANSI C or C++ compiler. Some compilers have extended syntax to support a
particular platform which will add additional reserved words to the C language. In the event that
this extended syntax conflicts with the CLIPS source, the user will have to edit the code. This
usually only involves a global search-and-replace of the particular reserved word. The following
steps describe how to create a new executable version of CLIPS:

1) Load the source code onto the user's system
The following C source files are necessary to set up the basic CLIPS system:

agenda.h dffnxpsr.h globlpsr.h prccode.h
analysis.h dfinsbin.h immthpsr.h prcdrfun.h
argacces.h dfinscmp.h incrrset.h predrpsr.h
bload.h drive.h inherpsr.h prdctfun.h
bmathfun.h ed.h inscom.h prntutil.h
bsave.h emathfun.h insfile.h proflfun.h
classcom.h engine.h insfun.h reorder.h
classexm.h envrnmnt.h insmngr.h reteutil.h
classfun.h evaluatn.h insmoddp.h retract.h
classinf.h expressn.h insmult.h router.h
classini.h exprnbin.h inspsr.h rulebin.h
classpsr.h exprnops.h insquery.h rulebld.h
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clips.h
clsltpsr.h
cmptblty.h
commline.h
conscomp.h
constant.h
constrct.h
constrnt.h
crstrtgy.h
cstrcbin.h
cstrccmp.h
cstrccom.h
cstrepsr.h
cstrnbin.h
cstrnchk.h
cstrncmp.h
cstrnops.h
cstrnpsr.h
cstrnutl.h
default.h
defins.h
developr.h
dffctbin.h
dffctbsc.h
dffctcmp.h
dffctdef.h
dffctpsr.h
dffnxbin.h
dffnxcmp.h
dffnxexe.h
dffnxfun.h

agenda.c
analysis.c
argacces.c
bload.c
bmathfun.c
bsave.c
classcom.c
classexm.c
classfun.c
classinf.c
classini.c

exprnpsr.h
extnfunc.h
factbin.h
factbld.h
factcmp.h
factcom.h
factfun.h
factgen.h
facthsh.h
factlhs.h
factmch.h
factmngr.h
factqpsr.h
factqury.h
factprt.h
factrete.h
factrhs.h
filecom.h
filertr.h
generate.h
genrcbin.h
genrccmp.h
genrccom.h
genrcexe.h
genrcfun.h
genrcpsr.h
globlbin.h
globlbsc.h
globlcmp.h
globlcom.h
globldef.h

edbasic.c
edmain.c
edmisc.c
edstruct.c
edterm.c
emathfun.c
engine.c
envrnmnt.c
evaluatn.c
expressn.c
exprnbin.c

insqypsr.h
iofun.h
lgcldpnd.h
match.h
memalloc.h
miscfun.h
modulbin.h
modulbsc.h
modulcmp.h
moduldef.h
modulpsr.h
modulutl.h
msgcom.h
msgfun.h
msgpass.h
msgpsr.h
multifld.h
multifun.h
network.h
objbin.h
objcmp.h
object.h
objrtbin.h
objrtbld.h
objrtcmp.h
objrtfnx.h
objrtgen.h
objrtmch.h
parsefun.h
pattern.h
pprint.h

globlpsr.c
immthpsr.c
incrrset.c
inherpsr.c
inscom.c
insfile.c
insfun.c
insmngr.c
insmoddp.c
insmult.c
inspsr.c

Section 2 - Installing and Tailoring CLIPS

rulebsc.h
rulecmp.h
rulecom.h
rulecstr.h
ruledef.h
ruledlt.h
rulelhs.h
rulepsr.h
scanner.h
setup.h
sortfun.h
strngfun.h
strngrtr.h
symblbin.h
symblcmp.h
symbol.h
sysdep.h
textpro.h
tmpltbin.h
tmpltbsc.h
tmpltcmp.h
tmpltdef.h
tmpltfun.h
tmpltlhs.h
tmpltpsr.h
tmpltrhs.h
tmpltutl.h
userdata.h
utility.h
watch.h

predrpsr.c
prdctfun.c
protutil.c
proflfun.c
reorder.c
reteutil.c
retract.c
router.c
rulebin.c
rulebld.c
rulebsc.c



classpsr.c exprnops.c insquery.c rulecmp.c
clsltpsr.c eXprnpsr.c insqypsr.c rulecom.c
commline.c extnfunc.c iofun.c rulecstr.c
conscomp.c factbin.c lgcldpnd.c ruledef.c
constrct.c factbld.c main.c ruledlt.c
constrnt.c factcmp.c memalloc.c rulelhs.c
crstrtgy.c factcom.c miscfun.c rulepsr.c
cstrebin.c factfun.c modulbin.c scanner.c
cstrccom.c factgen.c modulbsc.c sortfun.c
cstrepsr.c facthsh.c modulcmp.c strngfun.c
cstrnbin.c factlhs.c moduldef.c strngrtr.c
cstrnchk.c factmch.c modulpsr.c symblbin.c
cstrncmp.c factmngr.c modulutl.c symblcmp.c
cstrnops.c factprt.c msgcom.c symbol.c
cstrnpsr.c factqpsr.c msgfun.c sysdep.c
cstrnutl.c factqury.c msgpass.c textpro.c
default.c factrete.c msgpsr.c tmpltbin.c
defins.c factrhs.c multifld.c tmpltbsc.c
developr.c filecom.c multifun.c tmpltcmp.c
dffctbin.c filertr.c objbin.c tmpltdef.c
dffctbsc.c generate.c objcmp.c tmpltfun.c
dffctcmp.c genrcbin.c objrtbin.c tmpltlhs.c
dffctdef.c genrccmp.c objrtbld.c tmpltpsr.c
dffctpsr.c genrccom.c objrtcmp.c tmpltrhs.c
dffnxbin.c genrcexe.c objrtfnx.c tmpltutl.c
dffnxcmp.c genrcfun.c objrtgen.c userdata.c
dffnxexe.c genrcpsr.c objrtmch.c userfunctions.c
dffnxfun.c globlbin.c parsefun.c utility.c
dffnxpsr.c globlbsc.c pattern.c watch.c
dfinsbin.c globlcmp.c pprint.c

dfinscmp.c globlcom.c prccode.c

drive.c globldef.c prcdrfun.c
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Additional files must also be included if one of the machine specific user interfaces is to be
set up. See the Utilities and Interfaces Guide for details on c