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About the GAP
Reference Manual

This is one of four parts of the GAP documentation, the others being the GAP Tutorial, a beginner’s
introduction to GAP, Programming in GAP and Extending GAP, which provide information for those
who want to write their own GAP extensions.

This manual, the GAP reference manual contains the official definitions of GAP functions. It should give
all information to someone who wants to use GAP as it is. It is not intended to be read cover-to-cover.

This manual is divided into chapters. Each chapter is divided into sections and, within each section, impor-
tant definitions are numbered. References are therefore triples.

Chapter 2 describes the help system, which provides online access to the information of the manual.
Chapter 3 gives technical advice for running GAP. Chapter 4 introduces the GAP language, while the next
chapters deal with the environment provided by GAP for the user. These are followed by the main bulk of
chapters which is devoted to various mathematical structures that GAP can handle.

Pages are numbered consecutively in each of the four manuals.

1.1 Manual Conventions

The printed manual uses different text styles for several purposes. Note that the online help may use other
symbols to express the meanings listed below.

*text*

Text printed in boldface is used to emphasize single words or phrases.

text

Text printed in italics is used for arguments in the descriptions of functions and for other place holders. It
means that you should not actually enter this text into GAP but replace it by appropriate text depending
on what you want to do. For example when we write that you should enter 7section to see the section with
the name section, section serves as a place holder, indicating that you can enter the name of the section
that you want to see at this place.

text

Text printed in a monospaced (all characters have the same width) typewriter font is used for names of
variables and functions and other text that you may actually enter into your computer and see on your
screen. Such text may contain place holders printed in italics as described above. For example when the
information for IsPrime says that the form of the call is IsPrime( n ) this means that you should actually
enter the strings “IsPrime(” and “)”, without the quotes, but replace the n with the number (or expression)
that you want to test.

Oper( argl, arg2[, opt] ) F

starts a subsection on the command Oper that takes two arguments arg! and arg2 and an optional third
argument opt. As in the above example, the letter F at the end of a line that starts with a little black
triangle in the left margin indicates that the command is a simple function. Other possible letters at the
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end of such a line are A, P, 0, C, R, and V; they indicate “Attribute”, “Property”, “Operation”, “Category”,
“Representation” (see Chapter 13), or “Variable”, respectively.

In the printed manual, mathematical formulas are typeset in italics (actually math italics), and subscripts
and superscripts are actually lowered and raised.

Longer examples are usually paragraphs of their own. Everything on the lines with the prompts gap> and
> except the prompts themselves of course, is the input you have to type; everything else is GAP’s response.
In the printed manual, examples are printed in a monospaced typewriter font.

1.2 Credit

The manual tries to give credit to designers and implementors of major parts of GAP. For many parts of the
GAP code it is impossible to give detailed credit, because over the time of its development many persons have
contributed from first ideas, even in prerunners of GAP such as CAS or SOGOS, via first implementations,
improvements, and even total reimplementations. The documentation of the code gives further details, but
again, it suffers from the same problem. We have attempted to give attributions with the different chapters
of the manual where this seemed to be possible, but we apologise for all (unavoidable) shortcomings of this
attempt.
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The Help System

This chapter describes the GAP help system. The help system lets you read the documentation interactively.

2.1 Invoking the Help

The basic command to read GAP’s documentation from within a GAP session is as follows.
? [book :] [7] topic

For an explanation and some examples see 2.8.

Note that the first question mark must appear in the first position after the gap> prompt. The search
strings book and topic are normalized in a certain way (see the end of this section for details) before the
search starts. This makes the search case insensitive and there can be arbitrary white space after the first
question mark.

When there are several manual sections that match the query a numbered list of topics is displayed. These
matches can be accessed with ?number.

There are some further specially handled commands which start with a question mark. They are explained
in section 2.2.

As default GAP shows the help sections as text in the terminal (window), page by page if the shown text
does not fit on the screen. But there are several other choices to read (other formats of) the documents:
via a viewer for dvi-files (produced by TEX) or files in Acrobat’s pdf-format or via a Web-browser. This is
explained in section 2.3.

Details of the string normalization process

Here now is precisely how the search strings book and topic are normalized before a search starts: backslashes
and double or single quotes are removed, parentheses and braces are substituted by blanks, non-ASCII
characters are considered as ISO-latinl characters and the accented letters are substituted by their non-
accented counterpart. Finally white space is normalized.

2.2 Browsing through the Sections

Help books for GAP are organized in chapters, sections and subsections. There are a few special commands
starting with a question mark (in the first position after the gap> prompt) which allow browsing a book
section or chapter wise.

7>
7<

The two help commands ?< and 7> allow to browse through a whole help book. ?< displays the section
preceding the previously shown section, and 7> takes you to the section following the previously shown one.
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>>
7<<

7<< takes you back to the first section of the current chapter, which gives an overview of the sections
described in this chapter. If you are already in this section 7<< takes you to the first section of the previous
chapter. 7>> takes you to the first section of the next chapter.

?_

7+

GAP remembers the last few sections that you have read. 7- takes you to the one that you have read before
the current one, and displays it again. Further applications of ?- take you further back in this history. 7+

reverses this process, i.e., it takes you back to the section that you have read after the current one. It is
important to note that ?- and 7+ do not alter the history like the other help commands.

?books

This command shows a list of books which are currently known to the help system. For each book there
is a short name which is used with the book part of the basic help query and there is a long name which
hopefully tells you what this book is about.

A short name which ends in (not loaded) refers to a GAP package whose documentation is loaded but
which needs a call of LoadPackage (see 74.2.1) before you can use the described functions.

?[book :1sections
?[book :] [chapters]

These commands show tables of content for all available, respectively the matching books.

?
&

These commands redisplay the last shown help section. In the form ?7& the next preferred help viewer is used
for the display (provided one has chosen several viewers), see 2.3.1 below.

2.3 Changing the Help Viewer

Books of the GAP help system can be available in several formats. Currently the following formats occur
(not all of them may be available for all books):

text
This is used for display in the terminal window in which GAP is running. Complicated mathematical
expressions may not be well readable in this format.

dvi
The standard output format of TEX. Only useful if TEX is installed on your system. Can be used
for printing a help book and onscreen reading. Some books include hyperlink information in this
format which can be useful for onscreen reading.

ps
Postscript format. Can be printed on most systems and also be used with an onscreen viewer.

pdf

Adobe’s pdf-format. Can also be used for printing and onscreen reading on most current systems
(with freely available software). Some books have hyperlink information included in this format.

HTML
The format of Web-pages. Can be used with any Web-browser. There may be hyperlink information
available which allows a convenient browsing through the book via cross-references. This format
also has the problem that complicated formulae may be not well readable since there is no syntax
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for formulae in HTML. Some books use special symbol fonts for formulae and need an appropriate
Web-browser for correct display.

Depending on your operating system and available additional software you can use several of these formats
with GAP’s online help. This is configured with the following command.

SetHelpViewer ( wiewerl, viewer2, ... )

This command takes an arbitrary number of arguments which must be strings describing a viewer. The
recognized viewer are explained below. A call with no arguments shows the current setting.

The first given arguments are those with higher priority. So, if a help section is available in the format
needed by viewerl, this viewer is used. If not, availability of the format for viewer2 is checked and so on.
Recall that the command 7& displays the last seen section again but with the next possible viewer in your
list, see 2.2.6.

The viewer "screen" (see below) is always silently appended since we assume that each help book is available
in text format.

If you want to change the default setting you will probably put a call of SetHelpViewer into your .gaprc
file (see 3.4).

"screen"
This is the default setting. The help is shown in text-format using the Pager command explained
in the next section 2.4.1. (Hint: Some formatting procedures assume that your terminal displays at
least 80 characters per line, if this is not the case some sections may look very bad. Furthermore
the terminal (window) should use a fixed width font and we suggest to take one with IS0-8859-1
(also called latinl) encoding.

"netscape"
If a book is available in HTML-format this is shown using the (already running) netscape Web-
browser. Note, that for some books the browser must be configured to use symbol fonts.

lllynxll
If a book is available in HTML-format this is shown using the text based 1ynx Web-browser inside
the terminal running GAP. Formulae which use symbol fonts may be unreadable.

"internet config"

(for Apple Macintosh with MacOS) If a book is available in HTML-format this is shown in a
Web browser. The web browser used is the program set to handle the file protocol in the program
Internet Config (System 7 and 8) resp. the Internet control panel (System 9 and System X). For
some browsers (e.g., Internet Explorer), you may have enter the GAP command HELP_MAC_PROTOCOL
:= "file:/"; for this to work correctly. If you wish to use the online html version of the manual, you
may use HELP_EXTERNAL_URL := "http://www.gap-system.org/";. Note that HELP_EXTERNAL_URL
:= ""; switches back to the local html files. It may be a good idea to put the relevant line in the
gap.rc file (see 3.4).

"xdvi"
(on X-windows systems) If a book is available in dvi-format it is shown with the onscreen viewer
program xdvi. (Of course, xdvi and TEX must be installed on your system.) This program doesn’t
allow remote commands, so usually for each shown topic a new xdvi is launched. You can try to
compile the program GAPPATH/etc/xrmtcmd.c and to put the executable xrmtcmd into your PATH.
Then this viewer tries to reuse one running xdvi for each help book.

"xpdf"

(on X-windows systems) If a book is available in pdf-format it is shown with the onscreen viewer
program xpdf (which must be installed on your system). This is a nice program, once it is running it
is reused by GAP for the next displays of help sections. (Hint: On many systems xpdf shows a very
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bad display quality, this is due to a wrong or missing font configuration. One needs to set certain
X-resources; for more details follow the Problems link at

http://www.foolabs.com/xpdf/

"acroread"
If a book is available in pdf-format it is shown with the onscreen viewer program acroread (which
must be available on your system). This program doesn’t allow remote commands or startup with
a given page. Therefore the page numbers you have to visit are just printed on the screen. When
you are looking at several sections of the same book, this viewer assumes that the acroread window
still exists. When you go to another book a new acroread window is launched.

"less" or "more"
This is the same as "screen" but additionally the PAGER and PAGER_OPTIONS variables are set, see
the next section 2.4 for more details.

Please, send ideas for further viewer commands to support@gap-system.org.

2.4 The Pager Command

GAP contains a builtin pager which shows a text string which doesn’t fit on the screen page by page.
Its functionality is very rudimentary and self-explaining. This is because (at least under UNIX) there are
powerful external standard programs which do this job.

Pager ( lines )

This function can be used to display a text on screen using a pager, i.e., the text is shown page by page.
There is a default builtin pager in GAP which has very limited capabilities but should work on any system.

At least on a UNIX system one should use an external pager program like less or more. GAP assumes that
this program has a command line option +nr which starts the display of the text with line number nr.

Which pager is used can be controlled by setting the variable PAGER. The default setting is PAGER :=
"builtin"; which means that the internal pager is used.

On UNIX systems you probably want to set PAGER := "less"; or PAGER := "more";, you can do this for
example in your .gaprec file. In that case you can also tell GAP a list of standard options for the external
pager. These are specified as list of strings in the variable PAGER_OPTIONS.

Example:
PAGER := "less";
PAGER_OPTIONS .= [u_fu’ "—I'", n_an, "—i", "—M", "_j2"];

The argument lines can have one of the following forms:

(1) a string (i.e., lines are separated by newline characters)
(2) a list of strings (without newline characters) which are interpreted as lines of the text to be shown

(3) a record with component .lines as in (1) or (2) and optional further components

In case (3) currently the following additional components are used:

.formatted
can be false or true. If set to true the builtin pager tries to show the text exactly as it is given
(avoiding GAPs automatic line breaking)

.start
must be a positive integer. This is interpreted as the number of the first line shown by the pager
(one may see the beginning of the text via back scrolling).
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The Pager command is used by GAP’s help system for displaying help sections in text-format. But, of course,
it may be used for other purposes as well.

gap> s6 := SymmetricGroup(6);;

gap> words := ["This", "is", "a", "very", "stupid", "example"];;
gap> 1 := List(s6, p-> Permuted(words, p));;

gap> Pager(List(1l, a-> JoinStringsWithSeparator(a," ")));;



Running GAP

This chapter informs about command line options for GAP under UNIX and OS X (see 3.1, 3.2), and features
of GAP on the Macintosh (see 3.3), the .gaprc file (see 3.4), completion files (see 3.5), the GAP compiler
(see 3.7, 3.8, 3.9), and how to save and load a GAP workspace (see 3.11).

3.1 Command Line Options

When you start GAP under UNIX, you may specify a number of options on the command-line to change
the default behaviour of GAP. All these options start with a hyphen -, followed by a single letter. Options
must not be grouped, e.g., gap -gq is illegal, use gap -g -q instead. Some options require an argument,
this must follow the option and must be separated by a space, e.g., gap -m 256k, it is not correct to say
gap -m256k instead.

GAP for UNIX will distinguish between upper and lower case options.

As is described in Chapter 73 (see 73), usually you will not execute GAP directly. Instead you will call a
shell script, with the name gap, which in turn executes GAP. This shell script sets some options which are
necessary to make GAP work on your system. This means that the default settings mentioned below may
not be what you experience when you execute GAP on your system.

-h
tells GAP to print a summary of all available options (-h is mnemonic for “help”). GAP exits after
printing the summary, all other options are ignored.

-b
tells GAP to suppress the banner. That means that GAP immediately prints the prompt. This is
useful when, after a while, you get tired of the banner.

-q
tells GAP to be quiet. This means that GAP displays neither the banner nor the prompt gap>. This
is useful if you want to run GAP as a filter with input and output redirection and want to avoid the
banner and the prompts appearing in the output file.

-e
tells GAP not to quit when receiving a ctr-D on an empty input line (see 6.3.1). This option should
not be used when the input is a file or pipe.

-f
tells GAP to enable the line editing and history (see 6.8).
In general line editing will be enabled if the input is connected to a terminal. There are rare
circumstances, for example when using a remote session with a corrupted telnet implementation,
when this detection fails. Try using -f in this case to enable line editing.

-n

tells GAP to disable the line editing and history (see 6.8).
You may want to do this if the command line editing is incompatible with another program that is
used to run GAP. For example if GAP is run from inside a GNU Emacs shell window, -n should be
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used since otherwise every input line will be echoed twice, once by Emacs and once by GAP.

-x length

With this option you can tell GAP how long lines are. GAP uses this value to decide when to split
long lines. After starting GAP you may use SizeScreen (see 6.11.1) to alter the line length.

The default value is 80, unless another value can be obtained from the Operating System, which is
the right value if you have a standard ASCII terminal. If you have a larger monitor, or use a smaller
font, or redirect the output to a printer, you may want to increase this value.

-y length

With this option you can tell GAP how many lines your screen has. GAP uses this value to decide
after how many lines of on-line help it should wait. After starting GAP you may use SizeScreen
(see 6.11.1) to alter the number of lines.

The default value is 24, unless another value can be obtained from the Operating System, which is
the right value if you have a standard ASCII terminal. If you have a larger monitor, or use a smaller
font, or redirect the output to a printer, you may want to increase this value.

)

tells GAP to print a information message every time a full garbage collection is performed.
#G TFULL 44580/2479kb live 57304/4392kb dead  734/4096kb free

For example, this tells you that there are 44580 live objects that survived a full garbage collection,
that 57304 unused objects were reclaimed by it, and that 734 KBytes from a total allocated memory
of 4096 KBytes are available afterwards.

g -8
If you give the option -g twice, GAP prints a information message every time a partial or full garbage
collection is performed. The message,

#G PART 9405/961kb+live 7525/1324kb+dead 2541/4096kb free

for example, tells you that 9405 objects survived the partial garbage collection and 7525 objects
were reclaimed, and that 2541 KBytes from a total allocated memory of 4096 KBytes are available
afterwards.

-m memory
tells GAP to allocate memory bytes at startup time. If the last character of memory is k or K it is
taken as KBytes, if the last character is m or M memory is taken as MBytes and if it is g’ or G’ it
is taken as Gigabytes.
Under UNIX the default amount of memory allocated by GAP is 24 MBytes. The amount of memory
should be large enough so that computations do not require too many garbage collections. On the
other hand, if GAP allocates more virtual memory than is physically available, it will spend most of
the time paging.

-0 memory
tells GAP to allocate at most memory bytes. If the last character of memory is k or K it is taken as
KBytes, if the last character is m or M memory is taken as MBytes and if it is g’ or G’ it is taken
as Gigabytes.
Under UNIX the default amount is 256 MBytes. If more than this amount is required during the
GAP session, GAP prints an error messages and enters a break loop.

-K memory

is like -0 above. But while the latter actually allocates more memory if the system allows it and
then prints a warning inside a break loop the -K options tells GAP not even to try to allocate more
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memory. Instead GAP just exits with an appropriate message. The default is that this feature is
switched off. You have to set it explicitly when you want to enable it.

-1 path_list

can be used to modify GAP’s list of root directories (see 9.2). Before the option -1 is used for the
first time, the only root directory is ./, i.e., GAP has only one root directory which is the current
directory. Usually this option is used inside a startup script to specify where GAP is installed on the
system. The -1 option can also be used by individual users to tell GAP about privately installed
modifications of the library, additional GAP packages and so on. Section 9.2 explains how several
root paths can be used to do this.

path_list should be a list of directories separated by semicolons. No whitespace is permitted before
or after a semicolon. Each directory name should end with a pathname separator, i.e., /, but GAP
will silently add one if it is missing. If path_list does not start or end with a semicolon, then path_list
replaces the existing list of root directories. If path_list starts with a semicolon, then path_list is
appended to the existing list of root directories. If path_list ends with a semicolon (and does not
start with one), then the new list of root directories is the concatenation of path_list and the existing
list of root directories. After GAP has completed its startup procedure and displays the prompt, the
list of root directories can be viewed in the variable GAPInfo.RootPaths.

GAP will attempt to read the file root_dir/1ib/init.g during startup where root_dir is one of the
directories in its list of root directories. If GAP cannot find init.g it will print the following warning

gap: hmm, I cannot find ’lib/init.g’ maybe use option ’-1 <gaproot>’?
It is not possible to use GAP without the library files, so you must not ignore this warning. You
should leave GAP and start it again, specifying the correct root path using the -1 option.
-r
The option -r tells GAP not to read the user supplied ~/.gaprc files.
-L filename
The option -L tells GAP to load a saved workspace. See section 3.11.
-R
The option -R tells GAP not to load a saved workspace previously specified via the -L option.
filename ...

Further arguments are taken as filenames of files that are read by GAP during startup, after the
system and private init files are read, but before the first prompt is printed. The files are read in the
order in which they appear on the command line. GAP only accepts 14 filenames on the command
line. If a file cannot be opened GAP will print an error message and will abort.

3.2 Advanced Features of GAP

The following options are in general not needed for the normal operation of GAP. They are mostly used for
debugging.

-a memory

GASMAN, the storage manager of GAP uses sbrk to get blocks of memory from (certain) operating
systems and it is required that subsequent calls to sbrk produce adjacent blocks of memory in this
case because GAP only wants to deal with one large block of memory. If the C function malloc is
called for whatever reason, it is likely that sbrk will no longer produce adjacent blocks, therefore
GAP does not use malloc itself.

However some operating systems insist on calling malloc to create a buffer when a file is opened,
or for some other reason. In order to catch these cases GAP preallocates a block of memory with
malloc which is immediately freed. The amount preallocated can be controlled with the —a option.
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If the last character of memory is k or X it is taken as KBytes and if the last character is m or M
memory is taken as MBytes.

By default, some GAP packages (see 74) are loaded, if present, into the GAP session when it starts.
This option disables (actually toggles) this behaviour, which can be useful for debugging or testing.

-B architecture

Executable binary files that form part of GAP or of a GAP package are kept in a subdirectory of
the bin directory with in the GAP or package root directory. The subdirectory name is determined
from the operating system, processor and compiler details when GAP (resp. the package) is installed.
Under rare circumstances, it may be necessary to override this name, and this can be done using
the -B option.

-D
The -D option tells GAP to print short messages when it is reading or completing files or loading
modules. The message,
#I READ_GAP_ROOT: loading ’lib/kernel.g’ as GAP file
tells you that GAP has started to read the library file 1ib/kernel.g.
#I READ_GAP_ROOT: loading ’lib/kernel.g’ statically
tells you that GAP has used the compiled version of the library file 1ib/kernel.g. This compiled
module was statically linked to the GAP kernel at the time the kernel was created.
#I READ_GAP_ROOT: loading ’lib/kermel.g’ dynamically
tells you that GAP has loaded the compiled version of the library file 1ib/kernel.g. This compiled
module was dynamically loaded to the GAP kernel at runtime from a corresponding .so file.
#I completing ’lib/domain.gd’
tells you that GAP has completed the file 1ib/domain.gd. See 3.5 for more information about
completion of files.
-M
tells GAP not to check for, nor to use, compiled versions of library files.
-N
tells GAP not to check for, nor to use, completion files, see 3.5.
-0
enables a GAP 3 compatibility mode, in which (for instance) the values false and fail are identified.
Use of this mode is not recommended other than as a transitional step in porting GAP 3 code to
GAP 4, because the GAP 4 library may not work reliably in this mode.
-T
suppresses the usual break loop behaviour of GAP. With this option GAP behaves as if the user
quit immediately from every break loop. This is intended for automated testing of GAP.
-X
tells GAP to do a consistency check of the library file and the corresponding completion file when
reading the completion file.
-Y
tells GAP to do a consistency check of the library file and the corresponding completion file when
completing the library file.
-i filename

changes the name of the init file from the default init.g to filename.

Additional options, -C, -U, =P, -W and -z are used internally in the GAP compiler and/or on specific operating
systems.
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3.3 Running GAP under MacOS

This sections describes the features of GAP for MacOS that differ from those described earlier in this chapter.

Since you cannot enter command line options directly when you launch the GAP application on a Macintosh,
another mechanism is being used: Hold down any of the command (apple), option, control or shift keys or
space bar when launching the GAP application, e.g., by double-clicking on its icon. Please note that some
keys have side effects (e.g., pressing the option key usually closes Findeer windows), and that System X
behaves slightly differently from other systems.

A dialog box will open, into which you can enter the desired GAP command line options. as described in
3.1. For example, if you want GAP to start with a workspace of 32 megabytes, the dialog box should contain
the following text:

-m 32m

Note that the dialog box may already contain settings which you have previously saved. The 0K button
accepts the command line for the current GAP session, and the Save button can be used to save these options
for subsequent GAP sessions. The command line options will be saved in a text file called GAP options in
the Preferences folder in the system folder. You may also modify the file GAP options directly; note that
changes only take effect the next time you launch GAP.

There are three additional command line option on the Mac.

sets the time between checks for events (keystrokes, mouse clicks etc.) to n/60 second. Lower values
make GAP more responsive but computations are somewhat slower. A value greater than 60 is not
recommended, the default value for n is 6.

sets the amount of memory required for printing. The reason is that printer drivers may require
quite a bit of memory, and may even crash if not enough is found. To prevent this, GAP will not
print unless at least the specified amount of memory is available. The default value is 64 Kilobytes,
which is enough for the Apple LaserWriter printer driver. Setting the printing memory to 0 disables
printing altogether.

sets the size of the log window to m bytes. This means that if the text in the log window exceeds
this amount, then lines at the beginning of the log are deleted. The default value is 32 Kilobytes.

The following command line options work differently on the Mac.

-a
On the Mac, the -a option has a different meaning from the one described in 3.2. On the Mac, it
must be used to reserve memory for loading dynamic libraries into GAP. See 3.7 for details about
dynamic libraries (and note that the PPC version of GAP for MacOS can use dynamic libraries).

-f,-n
The -f and -n command line options do not have any effect on the Mac.

-e
The -e command line option enables ctr-D.

-0

The -o command line option should not normally be used on the Mac. The value set by the -o
option is only used if it is lower than the size of the workspace that would normally be available for
GAP.
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The file called .gaprc on UNIX systems (see 3.4) is called gap.rc on the Mac; it must be in the same folder
as the GAP application.

All interaction between GAP and you takes place via the GAP log window: this is where GAP prints its
messages and waits for your input. The amount of text in this window is limited (see the -W command line
option above), so don’t be surprised if old GAP messages are deleted from the beginning of the text when
this limit is reached. The reason for deleting old lines is that otherwise GAP may run out of memory just
because of the messages it has printed.

GAP for the Mac now remembers the font and text size (which can be set choosing Format. .. in the Edit
menu) as well as the window position of the GAP log window from one session to the next.

Almost all of the GAP editing keys described in Section 6.8 work on the Mac. In addition, GAP for MacOS
also supports the usual editing keys on the Mac, such as Copy and Paste, Undo, arrow keys (also with shift,
option and command. Note that you can also move forward and backward in the command line history by
pressing ctri-arrow down and ctrl-arrow up.

Note that Quit in GAP’s file menu works differently from the quit GAP command (see 6.3.1): Quit in the
file menu always quits the GAP application, it cannot be used to quit from a break loop.

GAP for MacOS also contains a simple built-in text editor, which is mainly intended to create GAP files.
New, Open. . ., Save and Close from the File menu work in the usual way.

The Read. .. and LogTo commands in the File menu work basically like the corresponding GAP commands
(see 9.7). The only difference is that GAP will prompt you for the file with a standard Mac file opening
dialog, so you do not have to enter the path name yourself. (You will see the file’s path name in the log
window afterwards). Note that if a file you want to read is open in GAP’s built-in editor, then GAP will read
the file from the edit window, not from the disk.

If you press the shift key while choosing Read... from the File menu, the menu item will change to
Reread... which will then use the GAP command Reread (see 9.7.13) to read the chosen file.

The Read. .. command in the File menu changes to Read if the front window belongs to a file in GAP’s
built-in editor — choosing Read then makes GAP read that file — and while the file is being read, the File
menu item changes to Abort Read. You cannot close the file’s window while it is being read by GAP — choose
Abort Read first.

Garbage collection messages, which are switched on and off by the -g command line option (see 3.1) can also
be switched on and off by choosing Show garbage collections and Show partial collections from the
Window menu.

If Always scroll to printout is selected in the Window menu, GAP will always scroll the GAP log window
so that you can see what GAP is currently printing. Otherwise, the GAP log window is only scrolled to the
current print position when GAP prints its prompt and waits for you to enter a command. Note that you
may see text lines disappear even if Always scroll to printout is off — this happens if you are viewing
the text at the beginning of the log window and some lines are just being deleted from the log because it
has exceeded its 32000 character limit.

The contents of the Help menu should be quite self-explanatory. Note that, unlike in GAP 3 for the Mac, the
online help is not displayed in a separate window, nor is the online help available while GAP is computing.

Holding down the Command (Apple) key while selecting text does the same as selecting the text and choosing
Find selection in table of contents from the Help menu, holding down both Command and Option
keys while selecting tries to find the selection in the index.

When you want to refer to files or folders in GAP (for example in the Read, PrintTo, AppendTo, LogTo
commands), or have to specify files or folders for a command line option, these files must be identified by
UNIX style path names. (Presently, GAP for MacOS also supports Mac path names, but this may change
in the future.)
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Users who are familiar with UNIX path names may skip the rest of this section, noting that the working
directory (i.e., folder) is the one in which the GAP application resides, and that file names on the Mac are
not case sensitive.

Paths are strings used to describe where a file is stored on a hard disk. There are two ways for specifying
UNIX path names: absolute and relative paths. An absolute path starts with a /, then the name of the
disk where the file is located, another /, then a list of folders, each containing the next one, separated by
/, and finally the name of the file, which resides in the last folder in the list. For instance, if your hard disk
is called My HD, and your file program.g resides (or should be created) in the folder programs in the folder
documents on My HD, the absolute path name to that file is

/My HD/documents/programs/program.g

Relative path names work similarly, except that the starting point is not a disk but the folder in which the
GAP application program resides. Relative path names are formed like absolute ones, except that they do
not start with a /. Thus, if you want to access the file temp.g in the folder tmp in the GAP folder, you may
use the following path name: tmp/temp.g. It is also possible to move upward to a parent folder: suppose that
the folder containing GAP is called applications, which contains a folder editor which in turn contains
the file "program.g’, then you could access this file by the path ../editor/program.g. The path ./ refers
to the GAP folder itself, and ../ refers to “the folder above”.

Note also that GAP for the Mac follows (resolves) aliases to folders and files.

3.4 The .gaprc file

When you start GAP, it looks for the file with the name .gaprc in your home directory (on UNIX systems).
On a Macintosh or a Windows system the equivalent to the .gaprc file is gap.rc, and for it to be read it
must be in the same folder as the GAP application. (Note that the file must be called gap.rc. If you use a
Windows text editor, in particular if your default is not to show file suffixes, you might accidentaly create
a file gap.rc.txt or gap.rc.doc which GAP will not recognize.)

If such a file is found it is read after libname/init.g, but before any of the files mentioned on the command
line are read. You can use this file for your private customizations. For example, if you have a file containing
functions or data that you always need, you could read this from .gaprc. Or if you find some of the names
in the library too long, you could define abbreviations for those names in .gaprc. The following sample
.gaprc file does both.

Read (" /usr/you/dat/mygroups.grp");

Ac := Action;
AcHom := ActionHomomorphism;
RepAc := RepresentativeAction;

If you have already a .gaprc file for GAP 3, its settings might not be compatible with GAP 4. In this case it
has to be removed. On UNIX Systems the following .gaprec file can be used to load alternatively a .gap3rc
or a .gapé4rc file from your home directory.

if IsBound(Permutations) then

# GAP 3

Exec("echo \"READ(\\\"‘pwd ~‘/.gap3rc\\\");\" > /tmp/jJj");
else

# GAP 4

Exec("echo \"READ(\\\"‘pwd ~/.gap4rc\\\");\" > /tmp/jJj");
fi;

Read("/tmp/jJi");
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3.5 Completion Files

The standard distribution of GAP already contains completion files so in general you do not need to
create these files by yourself.

When starting, GAP reads in the whole library. As this takes some time, library files are normally condensed
into completion files. These completion files contain the basic skeleton of the library but not the function
bodies. When a function body is required, for example because you want to execute the corresponding
function, the library file containing the function body is completed.

Completion files reduce the startup time of GAP drastically. However, this technique also means that the
information stored in the completion files and the library must be consistent. If you change a library file
without recreating the completion files disaster is bound to happen.

Bugfixes distributed for GAP will also update the completion files. Therefore you only need to update them
if you have changed the library by yourself.

However, if you are modifying a library file a more convenient way is to use the -X option (see 3.1) that
allows you (in most cases) to use the completion files for the unchanged parts of library files and avoids
using the completion files for the changed parts. After you have finished modifying the library files you can
recreate the completion files using:

CreateCompletionFiles( ) F
CreateCompletionFiles( path ) F

To create completion files you must have write permissions to path, which defaults to the first root directory.
Start GAP with the -N option (to suppress the reading of any existing completion files), then execute the
command CreateCompletionFiles( path );, where path is a string giving a path to the home directory
of GAP (the directory containing the 1ib directory).

This produces, in addition to lots of informational output, the completion files.

$ gapd -N

gap> CreateCompletionFiles();

#I converting "gap4/lib/read2.g" to "gap4/lib/read2.co"
#I parsing "gap4/lib/process.gd"

#I parsing "gap4/lib/listcoef.gi"

3.6 Testing for the System Architecture
ARCH_IS_UNIX( ) F

tests whether GAP is running on a UNIX system.
ARCH_IS MAC( ) F

tests whether GAP is running on a Macintosh under MacOS
ARCH_IS_WINDOWS( ) F

tests whether GAP is running on a Windows system.
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3.7 The Compiler

The GAP compiler GAC creates C code from GAP code and then calls the system’s C compiler to produce
machine code from it. This can result in a speedup (see section 3.8 for more details).

To use the compiler to produce dynamically loadable modules, call it with the -d option:

M193 /home/ahulpke > gap4/bin/i386-ibm-linux-gcc2/gac -d test.g
gap4/bin/i386-ibm-linux-gcc2/gap -C /tmp/5827_test.c test.g Init_Dynamic
gcc —-fpic -ansi -Wall -02 -o /tmp/5827_test.o -I
gap4/bin/i386-ibm-linux-gcc2/../../src -c /tmp/5827_test.c

1d -Bshareable -x -o test.so /tmp/5827_test.o

rm -f /tmp/5827_test.o

rm -f /tmp/5827_test.c

This produces a file file.so.

LoadDynamicModule( filename ) F
LoadDynamicModule( filename, crc ) F

To load a compiled file, the command LoadDynamicModule is used. This command loads filename as module.
If given, the CRC checksum cre¢ must match the value of the module (see 3.10).

gap> LoadDynamicModule("./test.so");

gap> CrcFile("test.g");

2906458206

gap> LoadDynamicModule("./test.so",1);

Error, <crc> mismatch (or no support for dynamic loading) called from
<function>( <arguments> ) called from read-eval-loop
Entering break read-eval-print loop ...

you can ’quit;’ to quit to outer loop, or

you can ’return;’ to continue

brk> quit;

gap> LoadDynamicModule("./test.so",2906458206) ;

If you want to see or modify the intermediate C code, you can also instruct the compiler to produce only
the C files by using the option -C instead of -d.

There are some known problems with C code produced with the GAP compiler on 32 bit architectures and
used on 64 bit architectures (and vice versa).

On some operating systems, once you have loaded a dynamic module with a certain filename, loading another
with the same filename will have no effect, even if the file on disk has changed.

3.8 Suitability for Compilation

Typically algorithms spend large parts of their runtime only in small parts of the code. The design of GAP
reflects this situation with kernel methods for many time critical calculations such as matrix or permutation
arithmetic.

Compiling an algorithm whose time critical parts are already in the kernel of course will give disappointing
results: Compilation will only speed up the parts that are not already in the kernel and if they make us a
small part of the runtime, the overall gain is small.

Routines that benefit from compilation are those which do extensive operations with basic data types, such
as lists or small integers.
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3.9 Compiling Library Code

The most tempting code to compile is probably the library. This section describes the mechanism used to
make GAP recognize compiled versions of library files. Note however that there is no point in compiling the
whole library as typically only few functions benefit from compilation as described in Section 3.8.

All files that come with GAP are read using the internal function READ_GAP_ROOT. This function then checks
whether a compiled version of the file exists and if its CRC number (see 3.10) matches the file. If it does,
the compiled version is loaded. Otherwise the file is read. You can start GAP with the -D -N option to see
information printed about this process.

To make GAP find the compiled versions, they must be put in the bin/systemname/compiled directory
(systemname is the name you gave for compilation, for example i386-ibm-1linux-gcc2). They have to be
called according to the following scheme: Suppose the file is humpty/dumpty.gi in the GAP home directory.
Then the compiled version will be bin/systemname/compiled/humpty/gi/dumpty.so. That is, the directory
hierarchy is mirrored under the compiled directory. A further directory level is added for the suffix of the
file, and the suffix of the compiled version of the file is set to .so (as produced by the compiler).

For example we show how to compile the combinat.gi file on a Linux machine. Suppose we are in the home
directory of the gap distribution.

bin/gac -d lib/combinat.gi

creates a file combinat.so. We now put it in the right place, creating also the necessary directories:

mkdir bin/i386-ibm-linux-gcc2/compiled

mkdir bin/i386-ibm-linux-gcc2/compiled/1ib

mkdir bin/i386-ibm-linux-gcc2/compiled/1lib/gi

mv combinat.so bin/i386-ibm-linux-gcc2/compiled/1ib/gi

If you now start GAP and look, for example, at the function Binomial, defined in combinat.gi, you see it
is indeed compiled:

gap> Print(Binomial);

function ( <<arg-1>>, <<arg-2>> )
<<compiled code>>

end

The command line option -M disables the loading of compiled modules and always reads code from the
library.

3.10 CRC Numbers

CRC (cyclic redundancy check) numbers provide a certain method of doing checksums. They are used by
GAP to check whether files have changed. Whenever files are “condensed” — for example for completion files
(see Section 3.5) or when compiling files (see Section 3.7) — such a checksum is computed implicitly and
stored within the condensed file.

When reading a condensed version of the file instead of the original one, the CRC checksum, which is
computed via CrcFile (see 9.7.11), can be used to check whether the original has been changed in the
meantime, e.g.

gap> CrcFile("lib/morpheus.gi");
2705743645
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3.11 Saving and Loading a Workspace

SaveWorkspace( filename ) F

will save a “snapshot” image of the current GAP workspace in the file filename. This image then can be
loaded by another copy of GAP which then will behave as at the point when SaveWorkspace was called.

gap> a:=1;

gap> SaveWorkspace("savefile");
true

gap> quit;

SaveWorkspace can only be used at the main gap> prompt. It cannot be included in the body of a loop or
function, or called from a break loop.

-L filename

A saved workspace can be loaded by starting GAP with the option -L (see 3.1). This will start GAP and
load the workspace.

you@unix> gap -L savefile
gap> a;
1

Please note that paths to workspaces have to be given in full, expansion of the tilde to denote a home
directory will not work.

Under UNIX, it is possible to compress savefiles using gzip. Compression typically reduces the size of a
workspace by a factor 3 or 4. If GAP is started with a compressed savefile (omit the .gz ending), it will try
to locate gzip on the system and uncompress the file automatically while reading it.

you@unix> gzip -9 savefile
youQunix> gap -L savefile
gap> a;

1

We cannot guarantee that saved workspaces are portable between different system architectures or over
different versions of GAP or its library.

If compiled modules had been loaded into GAP before the workspace was saved, they will be loaded into
the new GAP session during the workspace loading process. If they are not available then the load will fail.
Additional compiled modules will not be used, even if they are available, although they may be loaded later
using Reread (see 9.7.13). SaveWorkspace may sometimes produce warning messages, as in

gap> SaveWorkspace("b5");

#W bad bag id 4 found, O saved
#W bad bag id 20 found, O saved
true

A small number of such messages can probably be ignored (they arise because the garbage collector may
not always collect all dead objects, and dead objects may contain data that SaveWorkspace does not know
how to process).

GAP Packages which had been loaded before the workspace was saved are loaded also when the workspace
is loaded. Packages which had been available but not loaded before the workspace was saved are available
also when the workspace is loaded, provided these packages have not been upgraded. Packages which have
been newly installed after the workspace was saved are not available when the workspace is loaded.



The Programming
Language

This chapter describes the GAP programming language. It should allow you in principle to predict the result
of each and every input. In order to know what we are talking about, we first have to look more closely at
the process of interpretation and the various representations of data involved.

4.1 Language Overview

First we have the input to GAP, given as a string of characters. How those characters enter GAP is operating
system dependent, e.g., they might be entered at a terminal, pasted with a mouse into a window, or read
from a file. The mechanism does not matter. This representation of expressions by characters is called the
external representation of the expression. Every expression has at least one external representation that
can be entered to get exactly this expression.

The input, i.e., the external representation, is transformed in a process called reading to an internal repre-
sentation. At this point the input is analyzed and inputs that are not legal external representations, according
to the rules given below, are rejected as errors. Those rules are usually called the syntax of a programming
language.

The internal representation created by reading is called either an expression or a statement. Later we
will distinguish between those two terms. However for now we will use them interchangeably. The exact
form of the internal representation does not matter. It could be a string of characters equal to the external
representation, in which case the reading would only need to check for errors. It could be a series of machine
instructions for the processor on which GAP is running, in which case the reading would more appropriately
be called compilation. It is in fact a tree-like structure.

After the input has been read it is again transformed in a process called evaluation or execution. Later
we will distinguish between those two terms too, but for the moment we will use them interchangeably. The
name hints at the nature of this process, it replaces an expression with the value of the expression. This
works recursively, i.e., to evaluate an expression first the subexpressions are evaluated and then the value of
the expression is computed from those values according to rules given below. Those rules are usually called
the semantics of a programming language.

The result of the evaluation is, not surprisingly, called a value. Again the form in which such a value is
represented internally does not matter. It is in fact a tree-like structure again.

The last process is called printing. It takes the value produced by the evaluation and creates an external
representation, i.e., a string of characters again. What you do with this external representation is up to you.
You can look at it, paste it with the mouse into another window, or write it to a file.

Lets look at an example to make this more clear. Suppose you type in the following string of 8 characters
1+ 2 % 3;

GAP takes this external representation and creates a tree-like internal representation, which we can picture
as follows
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+

/ \

1 *
/ \
2 3

This expression is then evaluated. To do this GAP first evaluates the right subexpression 2*3. Again, to
do this GAP first evaluates its subexpressions 2 and 3. However they are so simple that they are their own
value, we say that they are self-evaluating. After this has been done, the rule for * tells us that the value is
the product of the values of the two subexpressions, which in this case is clearly 6. Combining this with the
value of the left operand of the +, which is self-evaluating, too, gives us the value of the whole expression 7.
This is then printed, i.e., converted into the external representation consisting of the single character 7.

In this fashion we can predict the result of every input when we know the syntactic rules that govern the
process of reading and the semantic rules that tell us for every expression how its value is computed in
terms of the values of the subexpressions. The syntactic rules are given in sections 4.2, 4.3, 4.4, 4.5, 4.6, and
4.24, the semantic rules are given in sections 4.7, 4.8, 4.10, 4.11, 4.12, 4.13, 4.14, 4.15, 4.16, 4.17, 4.18, 4.19,
4.22.1, and the chapters describing the individual data types.

4.2 Lexical Structure

The input of GAP consists of sequences of the following characters.

Digits, uppercase and lowercase letters, space, tab, newline, and the special characters

n ¢ ( ) * + , _ #
. / : ; < = > - &
[ \ ] - _ { } !

Other characters will be signalled as illegal. Inside strings (see section 4.3 and chapter 26) and comments
(see 4.4) the full character set supported by the computer is allowed.

4.3 Symbols

The process of reading, i.e., of assembling the input into expressions, has a subprocess, called scanning,
that assembles the characters into symbols. A symbol is a sequence of characters that form a lexical unit.
The set of symbols consists of keywords, identifiers, strings, integers, and operator and delimiter symbols.

A keyword is a reserved word consisting entirely of lowercase letters (see 4.5). An identifier is a sequence
of letters and digits that contains at least one letter and is not a keyword (see 4.6). An integer is a sequence
of digits (see 14). A string is a sequence of arbitrary characters enclosed in double quotes (see 26).

Operator and delimiter symbols are

- * / - ~ I,
= <> < <= > >= I [
1= . .. -> s ; 1{
[ ] { } ( ) :

Note also that during the process of scanning all whitespace is removed (see 4.4).
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4.4 Whitespaces

The characters space, tab, newline, and return are called whitespace characters. Whitespace is used as
necessary to separate lexical symbols, such as integers, identifiers, or keywords. For example Thorondor is a
single identifier, while Th or ondor is the keyword or between the two identifiers Th and ondor. Whitespace
may occur between any two symbols, but not within a symbol. Two or more adjacent whitespace characters
are equivalent to a single whitespace. Apart from the role as separator of symbols, whitespace characters
are otherwise insignificant. Whitespace characters may also occur inside a string, where they are significant.
Whitespace characters should also be used freely for improved readability.

A comment starts with the character #, which is sometimes called sharp or hatch, and continues to the
end of the line on which the comment character appears. The whole comment, including # and the newline
character is treated as a single whitespace. Inside a string, the comment character # loses its role and is just
an ordinary character.

For example, the following statement

if i<0 then a:=-i;else a:=i;fi;

is equivalent to

if 1 < 0 then # if i is negative

a = -i; # take its additive inverse
else # otherwise

a := 1i; # take itself
fi;

(which by the way shows that it is possible to write superfluous comments). However the first statement is
not equivalent to

ifi<Othena:=-i;elsea:=i;fi;

since the keyword if must be separated from the identifier i by a whitespace, and similarly then and a,
and else and a must be separated.

4.5 Keywords

Keywords are reserved words that are used to denote special operations or are part of statements. They
must not be used as identifiers. The keywords are

and do elif else end fi
for function if in local mod
not od or repeat return then
until while quit QUIT break rec
continue

Note that (almost) all keywords are written in lowercase and that they are case sensitive. For example
only else is a keyword; Else, eLsE, ELSE and so forth are ordinary identifiers. Keywords must not contain
whitespace, for example el if is not the same as elif.

Note: A number of tokens that appear to be normal identifiers representing functions or literals of various
kinds are actually implemented as keywords for technical reasons. The only consequence of this is that those
identifiers cannot be re-assigned, and do not actually have function objects bound to them, which could be
assigned to other variables or passed to functions. These keywords are:

false true IsBound Unbind TryNextMethod
Info Assert SaveWorkspace  fail
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4.6 ldentifiers

An identifier is used to refer to a variable (see 4.8). An identifier consists of letters, digits, and underscores
_, and must contain at least one letter or underscore. An identifier is terminated by the first character not
in this class. Examples of valid identifiers are

a foo alongIdentifier
hello Hello HELLO
x100 100x _100

some_people_prefer_underscores_to_separate_words
WePreferMixedCaseToSeparateWords

Note that case is significant, so the three identifiers in the second line are distinguished.

The backslash \ can be used to include other characters in identifiers; a backslash followed by a character
is equivalent to the character, except that this escape sequence is considered to be an ordinary letter. For
example

G\ (2\,5\)

is an identifier, not a call to a function G.
An identifier that starts with a backslash is never a keyword, so for example \* and \mod are identifiers.

The length of identifiers is not limited, however only the first 1023 characters are significant. The escape
sequence \newline is ignored, making it possible to split long identifiers over multiple lines.

IsValidIdentifier( str ) F

returns true if the string str would form a valid identifier consisting of letters, digits and underscores;
otherwise it returns false. It does not check whether str contains characters escaped by a backslash \.

4.7 Expressions

An expression is a construct that evaluates to a value. Syntactic constructs that are executed to produce
a side effect and return no value are called statements (see 4.13). Expressions appear as right hand sides
of assignments (see 4.14), as actual arguments in function calls (see 4.10), and in statements.

Note that an expression is not the same as a value. For example 1 + 11 is an expression, whose value is
the integer 12. The external representation of this integer is the character sequence 12, i.e., this sequence
is output if the integer is printed. This sequence is another expression whose value is the integer 12. The
process of finding the value of an expression is done by the interpreter and is called the evaluation of the
expression.

Variables, function calls, and integer, permutation, string, function, list, and record literals (see 4.8, 4.10,
14, 40, 26, 4.22.1s, 21, 27), are the simplest cases of expressions.

Expressions, for example the simple expressions mentioned above, can be combined with the operators to
form more complex expressions. Of course those expressions can then be combined further with the operators
to form even more complex expressions. The operators fall into three classes. The comparisons are =, <>,
<, <=, > >= and in (see 4.11 and 28.5). The arithmetic operators are +, -, *, /, mod, and ~ (see 4.12).
The logical operators are not, and, and or (see 20.3).

The following example shows a very simple expression with value 4 and a more complex expression.
gap> 2 * 2;
4

gap> 2 * 2 + 9 = Fibonacci(7) and Fibonacci(13) in Primes;
true

For the precedence of operators, see 4.11.



42 Chapter 4. The Programming Language

4.8 Variables

A variable is a location in a GAP program that points to a value. We say the variable is bound to this
value. If a variable is evaluated it evaluates to this value.

Initially an ordinary variable is not bound to any value. The variable can be bound to a value by assigning
this value to the variable (see 4.14). Because of this we sometimes say that a variable that is not bound to
any value has no assigned value. Assignment is in fact the only way by which a variable, which is not an
argument of a function, can be bound to a value. After a variable has been bound to a value an assignment
can also be used to bind the variable to another value.

A special class of variables is the class of arguments of functions. They behave similarly to other variables,
except they are bound to the value of the actual arguments upon a function call (see 4.10).

Each variable has a name that is also called its identifier. This is because in a given scope an identifier
identifies a unique variable (see 4.6). A scope is a lexical part of a program text. There is the global
scope that encloses the entire program text, and there are local scopes that range from the function
keyword, denoting the beginning of a function definition, to the corresponding end keyword. A local scope
introduces new variables, whose identifiers are given in the formal argument list and the local declaration
of the function (see 4.22.1). Usage of an identifier in a program text refers to the variable in the innermost
scope that has this identifier as its name. Because this mapping from identifiers to variables is done when
the program is read, not when it is executed, GAP is said to have lexical scoping. The following example
shows how one identifier refers to different variables at different points in the program text.

g := 0; # global variable g
x := function ( a, b, c )
local y;
g 1= c¢C; # c refers to argument c of function x

y := function ( y )
local d, e, f;
d :=y; # y refers to argument y of function
e := b; # b refers to argument b of function x
f :=g; # g refers to global variable g
return d + e + £f;

end;

return y( a ); # y refers to local y of function x

end;

~

It is important to note that the concept of a variable in GAP is quite different from the concept of a variable
in programming languages like PASCAL.

In those languages a variable denotes a block of memory. The value of the variable is stored in this block. So
in those languages two variables can have the same value, but they can never have identical values, because
they denote different blocks of memory. Note that PASCAL has the concept of a reference argument. It
seems as if such an argument and the variable used in the actual function call have the same value, since
changing the argument’s value also changes the value of the variable used in the actual function call. But
this is not so; the reference argument is actually a pointer to the variable used in the actual function call,
and it is the compiler that inserts enough magic to make the pointer invisible. In order for this to work
the compiler needs enough information to compute the amount of memory needed for each variable in a
program, which is readily available in the declarations PASCAL requires for every variable.

In GAP on the other hand each variable just points to a value, and different variables can share the same
value.
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Unbind ( ident ) F

deletes the identifier ident. If there is no other variable pointing to the same value as ident was, this value
will be removed by the next garbage collection. Therefore Unbind can be used to get rid of unwanted large
objects.

For records and lists Unbind can be used to delete components or entries, respectively (see Chapters 27 and
21).

4.9 More About Global Variables

The vast majority of variables in GAP are defined at the outer level (the global scope). They are used to
access functions and other objects created either in the GAP library or in the user’s code. Certain special
facilities are provided for manipulating these variables which are not available for other types of variable
(such as local variables or function arguments).

First, such variables may be marked read-only. In which case attempts to change them will fail. Most of
the global variables defined in the GAP library are so marked.

IsReadOnlyGlobal( name ) F
returns true if the global variable named by the string name is read-only and false otherwise (the default).
MakeReadOnlyGlobal( name ) F

marks the global variable named by the string name as read-only.

A warning is given if name has no value bound to it or if it is already read-only.

MakeReadWriteGlobal( name ) F
marks the global variable named by the string name as read-write.

A warning is given if name is already read-write.

gap> xx := 17;

17

gap> IsReadOnlyGlobal ("xx");
false

gap> xx := 15;

15

gap> MakeReadOnlyGlobal ("xx");

gap> xx := 16;

Variable: ’xx’ is read only

not in any function

Entering break read-eval-print loop ...
you can ’quit;’ to quit to outer loop, or
you can ’return;’ after making it writable to continue
brk> quit;

gap> IsReadOnlyGlobal ("xx");

true

gap> MakeReadWriteGlobal("xx");

gap> xx := 16;

16

gap> IsReadOnlyGlobal ("xx");

false

A group of functions are also supplied for accessing and altering the values assigned to global variables. Use
of these functions differs from the use of assignment, Unbind and IsBound statements, in two ways. First,
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these functions always affect global variables, even if local variables of the same names exist. Second, the
variable names are passed as strings, rather than being written directly into the statements.

ValueGlobal( name ) F

returns the value currently bound to the global variable named by the string name. An error is raised if no
value is currently bound.

IsBoundGlobal( name ) F
returns true if a value currently bound to the global variable named by the string name and false otherwise.
UnbindGlobal( name ) F

removes any value currently bound to the global variable named by the string name. Nothing is returned.

A warning is given if name was not bound. The global variable named by name must be writable, otherwise
an error is raised.

BindGlobal( name, wval ) F

sets the global variable named by the string name to the value val, provided it is writable, and makes it
read-only. If name already has a value, a warning message is printed.

This is intended to be the normal way to create and set “official” global variables (such as Operations and
Categories).

Caution should be exercised in using these functions, especially BindGlobal and UnbindGlobal as unex-
pected changes in global variables can be very confusing for the user.

gap> xx := 16;

16

gap> IsReadOnlyGlobal ("xx");
false

gap> ValueGlobal("xx");

16

gap> IsBoundGlobal("xx");
true

gap> BindGlobal("xx",17);

#W BIND_GLOBAL: variable ‘xx’ already has a value
gap> xx;

17

gap> IsReadOnlyGlobal ("xx");
true

Finally, there are a group of functions dealing with the global namespace.

NamesGVars () F

This function returns an immutable (see 12.6) sorted (see 21.19) list of all the global variable names known
to the system. This includes names of variables which were bound but have now been unbound and some
other names which have never been bound but have become known to the system by various routes.

NamesSystemGVars () F

This function returns an immutable sorted list of all the global variable names created by the GAP library
when GAP was started.

NamesUserGVars () F

This function returns an immutable sorted list of the global variable names created since the library was
read, to which a value is currently bound.
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TemporaryGlobalVarName( [prefiz] ) F

returns a string that can be used as the name of a global variable that is not bound at the time when
TemporaryGlobalVarName () is called. The optional argument prefiz can specify a string with which the
name of the global variable starts.

4.10 Function Calls

function-var ()
function-var C arg-expr[, arg-expr, ...1 )

The function call has the effect of calling the function function-var. The precise semantics are as follows.

First GAP evaluates the function-var. Usually function-var is a variable, and GAP does nothing more than
taking the value of this variable. It is allowed though that function-var is a more complex expression, such
as a reference to an element of a list (see Chapter 21) list-var [int-expr], or to a component of a record
(see Chapter 27) record-var .ident. In any case GAP tests whether the value is a function. If it is not, GAP
signals an error.

Next GAP checks that the number of actual arguments arg-ezprs agrees with the number of formal argu-
ments as given in the function definition. If they do not agree GAP signals an error. An exception is the
case when there is exactly one formal argument with the name arg, in which case any number of actual
arguments is allowed (see 4.22.1 for examples).

Now GAP allocates for each formal argument and for each formal local (that is, the identifiers in the local
declaration) a new variable. Remember that a variable is a location in a GAP program that points to a value.
Thus for each formal argument and for each formal local such a location is allocated.

Next the arguments arg-exprs are evaluated, and the values are assigned to the newly created variables
corresponding to the formal arguments. Of course the first value is assigned to the new variable corresponding
to the first formal argument, the second value is assigned to the new variable corresponding to the second
formal argument, and so on. However, GAP does not make any guarantee about the order in which the
arguments are evaluated. They might be evaluated left to right, right to left, or in any other order, but each
argument is evaluated once. An exception again occurs if the function has only one formal argument with
the name arg. In this case the values of all the actual arguments are stored in a list and this list is assigned
to the new variable corresponding to the formal argument arg.

The new variables corresponding to the formal locals are initially not bound to any value. So trying to
evaluate those variables before something has been assigned to them will signal an error.

Now the body of the function, which is a statement, is executed. If the identifier of one of the formal
arguments or formal locals appears in the body of the function it refers to the new variable that was
allocated for this formal argument or formal local, and evaluates to the value of this variable.

If during the execution of the body of the function a return statement with an expression (see 4.23) is
executed, execution of the body is terminated and the value of the function call is the value of the expression
of the return. If during the execution of the body a return statement without an expression is executed,
execution of the body is terminated and the function call does not produce a value, in which case we call
this call a procedure call (see 4.15). If the execution of the body completes without execution of a return
statement, the function call again produces no value, and again we talk about a procedure call.

gap> Fibonacci( 11 );
89

The above example shows a call to the function Fibonacci with actual argument 11, the following one shows
a call to the operation RightCosets where the second actual argument is another function call.
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gap> RightCosets( G, Intersection( U, V) );;
function-var C arg-expr[, arg-expr, ...1[ : [ option-expr [,option-expr, ....111)

As well as passing arguments to a function, providing the mathematical input to its calculation, it is some-
times useful to supply “hints” suggesting to GAP how the desired result may be computed more quickly, or
specifying a level of tolerance for random errors in a Monte Carlo algorithm.

Such hints may be supplied to a function-call and to all subsidiary functions called from that call
using the options mechanism. Options are separated from the actual arguments by a colon : and have much
the same syntax as the components of a record expression. The one exception to this is that a component
name may appear without a value, in which case the value true is silently inserted.

The following example shows a call to Size passing the options hard (with the value true) and tcselection
(with the string “external” as value).

gap> Size( fpgrp : hard, tcselection := "external" );

Options supplied with function calls in this way are passed down using the global options stack described
in chapter 8, so that the call above is exactly equivalent to

gap> PushOptions( rec( hard := true, tcselection := "external") );
gap> Size( fpgrp );
gap> PopOptions( );

Note that any option may be passed with any function, whether or not it has any actual meaning for that
function, or any function called by it. The system provides no safeguard against misspelled option names.

4.11 Comparisons

left-expr = right-expr
left-expr <> right-expr

The operator = tests for equality of its two operands and evaluates to true if they are equal and to false
otherwise. Likewise <> tests for inequality of its two operands. Note that any two objects can be compared,
i.e., = and <> will never signal an error. For each type of objects the definition of equality is given in the
respective chapter. Objects in different families (see 13.1) are never equal, i.e., = evaluates in this case to
false, and <> evaluates to true.

left-expr < right-expr
left-expr > right-expr
left-expr <= right-expr
left-expr >= right-expr

< denotes less than, <= less than or equal, > greater than, and >= greater than or equal of its two operands.
For each kind of objects the definition of the ordering is given in the respective chapter.

Only for the following kinds of objects, an ordering via < of objects in different families (see 13.1) is
supported. Rationals (see 16.1.1) are smallest, next are cyclotomics (see 18.1.3), followed by finite field
elements (see 57.1.1); finite field elements in different characteristics are compared via their characteristics,
next are permutations (see 40), followed by the boolean values true, false, and fail (see 20), characters
(such as ’a’, see 26), and lists (see 21.1.1) are largest; note that two lists can be compared with < if and
only if their elements are again objects that can be compared with <.

For other objects, GAP does not provide an ordering via <. The reason for this is that a total ordering of all
GAP objects would be hard to maintain when new kinds of objects are introduced, and such a total ordering
is hardly used in its full generality.



vVVyVYyVYyVYVYYVYY

Section 12. Arithmetic Operators 47

However, for objects in the filters listed above, the ordering via < has turned out to be useful. For example,
one can form sorted lists containing integers and nested lists of integers, and then search in them using
PositionSorted (see 21.16).

Of course it would in principle be possible to define an ordering via < also for certain other objects, by
installing appropriate methods for the operation \<. But this may lead to problems at least as soon as one
loads GAP code in which the same is done, under the assumption that one is completely free to define an
ordering via < for other objects than the ones for which the “official” GAP provides already an ordering via
<.

Comparison operators, including the operator in (see 21.8), are not associative, Hence it is not allowed
to write @ = b <> ¢ = d, you must use (a = b) <> (¢ = d) instead. The comparison operators have
higher precedence than the logical operators (see 20.3), but lower precedence than the arithmetic operators
(see 4.12). Thus, for instance, ¢ * b = ¢ and d is interpreted as ((a * b) = ¢) and d).

The following example shows a comparison where the left operand is an expression.

gap> 2 * 2 + 9 = Fibonacci(7);
true

For the underlying operations of the operators introduced above, see 30.11.

4.12 Arithmetic Operators

+ right-expr

- right-expr

left-expr + right-expr
left-expr - right-expr
left-expr * right-expr
left-expr / right-expr
left-expr mod right-expr
left-expr = right-expr

The arithmetic operators are +, -, *, /, mod, and ~. The meanings (semantics) of those operators generally
depend on the types of the operands involved, and, except for mod, they are defined in the various chapters
describing the types. However basically the meanings are as follows.

a + b denotes the addition of additive elements a and b.

a - b denotes the addition of a and the additive inverse of b.

a * b denotes the multiplication of multiplicative elements a and b.

a / b denotes the multiplication of a with the multiplicative inverse of b.

a mod b, for integer or rational left operand a and for non-zero integer right operand b, is defined as follows.
If @ and b are both integers, a mod b is the integer r in the integer range O .. |bl - 1 satisfying a =
r + bg, for some integer ¢ (where the operations occurring have their usual meaning over the integers, of
course).

If a is a rational number and b is a non-zero integer, and ¢« = m / n where m and n are coprime integers
with n positive, then a mod b is the integer r in the integer range 0 .. |b| - 1 such that m is congruent
to rn modulo b, and r is called the “modular remainder” of ¢ modulo b. Also, 1 / n mod b is called the
“modular inverse” of n modulo b. (A pair of integers is said to be coprime (or relatively prime) if their
ged is 1.)

With the above definition, 4 / 6 mod 32 equals2 / 3 mod 32 and hence exists (and is equal to 22), despite
the fact that 6 has no inverse modulo 32.
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Note. For rational a, ¢ mod b could have been defined to be the non-negative rational c¢ less than |b| such
that ¢ - ¢ is a multiple of b. However this definition is seldom useful and not the one chosen for GAP.

+ and - can also be used as unary operations. The unary + is ignored. The unary - returns the additive
inverse of its operand; over the integers it is equivalent to multiplication by -1.

~ denotes powering of a multiplicative element if the right operand is an integer, and is also used to denote
the action of a group element on a point of a set if the right operand is a group element.

The precedence of those operators is as follows. The powering operator ~ has the highest precedence,
followed by the unary operators + and -, which are followed by the multiplicative operators *, /, and mod,
and the additive binary operators + and - have the lowest precedence. That means that the expression -2 ~
-2 * 3 + 1lisinterpreted as (-(2 =~ (-2)) * 3) + 1.If in doubt use parentheses to clarify your intention.

The associativity of the arithmetic operators is as follows. ~ is not associative, i.e., it is illegal to write
27374, use parentheses to clarify whether you mean (2°3)~4 or 27(374). The unary operators + and -
are right associative, because they are written to the left of their operands. *, /, mod, +, and - are all left
associative, i.e., 1-2-3 is interpreted as (1-2)-3 not as 1-(2-3). Again, if in doubt use parentheses to clarify
your intentions.

The arithmetic operators have higher precedence than the comparison operators (see 4.11 and 28.5) and the
logical operators (see 20.3). Thus, for example, a * b = ¢ and d is interpreted, ((a * b) = ¢) and d.

gap> 2 * 2 + 9; # a very simple arithmetic expression
13

For other arithmetic operations, and for the underlying operations of the operators introduced above,
see 30.12.

4.13 Statements

Assignments (see 4.14), Procedure calls (see 4.15), if statements (see 4.16), while (see 4.17), repeat (see
4.18) and for loops (see 4.19), and the return statement (see 4.23) are called statements. They can be
entered interactively or be part of a function definition. Every statement must be terminated by a semicolon.

Statements, unlike expressions, have no value. They are executed only to produce an effect. For example
an assignment has the effect of assigning a value to a variable, a for loop has the effect of executing a
statement sequence for all elements in a list and so on. We will talk about evaluation of expressions but
about execution of statements to emphasize this difference.

Using expressions as statements is treated as syntax error.

gap> i :=7;;
gap> if i <> 0 then k = 16/i; fi;
Syntax error: := expected

if i <> 0 then k = 16/i; fi;

gap>

As you can see from the example this warning does in particular address those users who are used to
languages where = instead of := denotes assignment.

Empty statements are permitted and have no effect.

A sequence of one or more statements is a statement sequence, and may occur everywhere instead of a
single statement. There is nothing like PASCAL’s BEGIN-END, instead each construct is terminated by a
keyword. The simplest statement sequence is a single semicolon, which can be used as an empty statement
sequence. In fact an empty statement sequence as in for i in [1..2] do od is also permitted and is
silently translated into the sequence containing just a semicolon.
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4.14 Assignments
var = erpr;

The assignment has the effect of assigning the value of the expressions ezpr to the variable var.

The variable var may be an ordinary variable (see 4.8), a list element selection list-var [int-expr] (see 21.4)
or a record component selection record-var . ident (see 27.2). Since a list element or a record component may
itself be a list or a record the left hand side of an assignment may be arbitrarily complex.

Note that variables do not have a type. Thus any value may be assigned to any variable. For example a
variable with an integer value may be assigned a permutation or a list or anything else.

gap> data:= rec( numbers:= [ 1, 2, 3] );

rec( numbers := [ 1, 2, 31 )

gap> data.string:= "string";; data;

rec( numbers := [ 1, 2, 3 ], string := "string" )
gap> data.numbers[2]:= 4;; data;

rec( numbers := [ 1, 4, 3], string := "string" )

If the expression expr is a function call then this function must return a value. If the function does not
return a value an error is signalled and you enter a break loop (see 6.3). As usual you can leave the break
loop with quit;. If you enter return return-expr; the value of the expression return-expr is assigned to
the variable, and execution continues after the assignment.

gap> fl:= function( x ) Print( "value: ", x, "\n" ); end;;
gap> £2:= function( x ) return f1( x ); end;;
gap> f2( 4 );
value: 4
Function Calls: <func> must return a value at
return £f1( x );
called from
<function>( <arguments> ) called from read-eval-loop
Entering break read-eval-print loop ...
you can ’quit;’ to quit to outer loop, or
you can supply one by ’return <value>;’ to continue
brk> return "hello";
"hello"

In the above example, the function £2 calls £1 with argument 4, and since £1 does not return a value (but
only prints a line “value: z”), the return statement of £2 cannot be executed. The error message says
that it is possible to return an appropriate value, and the returned string "hello" is used by f2 instead of
the missing return value of f1.

4.15 Procedure Calls

procedure-var () ;
procedure-var ( arg-expr [,arg-expr, ...1 );

The procedure call has the effect of calling the procedure procedure-var. A procedure call is done exactly
like a function call (see 4.10). The distinction between functions and procedures is only for the sake of the
discussion, GAP does not distinguish between them. So we state the following conventions.

A function does return a value but does not produce a side effect. As a convention the name of a function
is a noun, denoting what the function returns, e.g., Length, Concatenation and Order.
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A procedure is a function that does not return a value but produces some effect. Procedures are called
only for this effect. As a convention the name of a procedure is a verb, denoting what the procedure does,
e.g., Print, Append and Sort.

gap> Read( "myfile.g" ); # a call to the procedure Read
gap> 1 := [ 1, 2 1;;
gap> Append( 1, [3,4,5] ); # a call to the procedure Append

There are a few exceptions of GAP functions that do both return a value and produce some effect. An
example is Sortex which sorts a list and returns the corresponding permutation of the entries (see 21.18.3).

4.16 If

if bool-exprl then statementsl { elif bool-expr?2 then statements2 }[ else statements3 ] fi;
The if statement allows one to execute statements depending on the value of some boolean expression. The
execution is done as follows.

First the expression bool-exprl following the if is evaluated. If it evaluates to true the statement sequence
statements! after the first then is executed, and the execution of the if statement is complete.

Otherwise the expressions bool-expr2 following the elif are evaluated in turn. There may be any number
of elif parts, possibly none at all. As soon as an expression evaluates to true the corresponding statement
sequence statements? is executed and execution of the if statement is complete.

If the if expression and all, if any, elif expressions evaluate to false and there is an else part, which is
optional, its statement sequence statements3 is executed and the execution of the if statement is complete.
If there is no else part the if statement is complete without executing any statement sequence.

Since the if statement is terminated by the fi keyword there is no question where an else part belongs,
i.e., GAP has no “dangling else”. In

if exprl then if expr2 then statsl else stats2 fi; fi;
the else part belongs to the second if statement, whereas in

if expr! then if expr?2 then statsi fi; else stats?2 fi;

the else part belongs to the first if statement.

Since an if statement is not an expression it is not possible to write

abs := if x > O then x; else -x; fi;

which would, even if legal syntax, be meaningless, since the if statement does not produce a value that
could be assigned to abs.

If one of the expressions bool-exprl, bool-expr?2 is evaluated and its value is neither true nor false an error
is signalled and a break loop (see 6.3) is entered. As usual you can leave the break loop with quit;. If you
enter return true;, execution of the if statement continues as if the expression whose evaluation failed
had evaluated to true. Likewise, if you enter return false;, execution of the if statement continues as if
the expression whose evaluation failed had evaluated to false.

gap> i := 10;;

gap> if 0 < i then

> s :=1;

> elif i < O then

> s := -1;

> else

> s := 0;

> fi;

gap> s; # the sign of i
1
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4.17 While

while bool-expr do statements od;

The while loop executes the statement sequence statements while the condition bool-expr evaluates to true.

First bool-expr is evaluated. If it evaluates to false execution of the while loop terminates and the statement
immediately following the while loop is executed next. Otherwise if it evaluates to true the statements are
executed and the whole process begins again.

The difference between the while loop and the repeat until loop (see 4.18) is that the statements in the
repeat until loop are executed at least once, while the statements in the while loop are not executed at
all if bool-expr is false at the first iteration.

If bool-expr does not evaluate to true or false an error is signalled and a break loop (see 6.3) is entered.
As usual you can leave the break loop with quit;. If you enter return false;, execution continues with
the next statement immediately following the while loop. If you enter return true;, execution continues
at statements, after which the next evaluation of bool-expr may cause another error.

The following example shows a while loop that sums up the squares 12,22, ... until the sum exceeds 200.

gap> i := 0;; s := 0;;

gap> while s <= 200 do

> i=1i+1; s =8+ i"2;
> od;

gap> s;

204

A while loop may be left prematurely using break, see 4.20.

4.18 Repeat

repeat statements until bool-expr;

The repeat loop executes the statement sequence statements until the condition bool-expr evaluates to true.

First statements are executed. Then bool-ezpr is evaluated. If it evaluates to true the repeat loop terminates
and the statement immediately following the repeat loop is executed next. Otherwise if it evaluates to false
the whole process begins again with the execution of the statements.

The difference between the while loop (see 4.17) and the repeat until loop is that the statements in the
repeat until loop are executed at least once, while the statements in the while loop are not executed at
all if bool-expr is false at the first iteration.

If bool-expr does not evaluate to true or false an error is signalled and a break loop (see 6.3) is entered.
As usual you can leave the break loop with quit;. If you enter return true;, execution continues with the
next statement immediately following the repeat loop. If you enter return false;, execution continues at
statements, after which the next evaluation of bool-expr may cause another error.

The repeat loop in the following example has the same purpose as the while loop in the preceding example,
namely to sum up the squares 12,22, ... until the sum exceeds 200.

gap> i := 0;; s := 0;;

gap> repeat

> i=1i+1; s =8+ i"2;
> until s > 200;

gap> s;

204

A repeat loop may be left prematurely using break, see 4.20.



1»

52 Chapter 4. The Programming Language
4.19 For

for simple-var in list-expr do statements od;

The for loop executes the statement sequence statements for every element of the list list-expr.

The statement sequence statements is first executed with simple-var bound to the first element of the list
list-expr, then with simple-var bound to the second element of list-expr and so on. simple-var must be a
simple variable, it must not be a list element selection list-var [int-expr] or a record component selection
record-var . ident.

The execution of the for loop over a list is exactly equivalent to the following while loop.

loop-list := list;

loop-index := 1;

while loop-indexr <= Length(loop-list) do
variable := loop-list [loop-index] ;
statements

loop-index := loop-index + 1;

od;

with the exception that loop-list and loop-index are different variables for each for loop, i.e., these variables
of different for loops do not interfere with each other.

The list list-expr is very often a range (see 21.22).
for wariable in [from..to] do statements od;
corresponds to the more common

for wariable from from to to do statements od;
in other programming languages.

gap> s := 0;;

gap> for i in [1..100] do
> s := s + 1i;

> od;

gap> s;

5050

Note in the following example how the modification of the list in the loop body causes the loop body also
to be executed for the new values.

gap> 1 := [ 1, 2, 3, 4, 5, 6 1;;

gap> for i in 1 do

> Print( i, " " );

> if i mod 2 = O then Add( 1, 3 * i / 2 ); fi;
> od; Print( "\n" );

123456360909

gap> 1;

[1, 2, 3, 4, 5, 6, 3, 6, 9, 9]

Note in the following example that the modification of the variable that holds the list has no influence on
the loop.
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gap> 1 := [ 1, 2, 3, 4, 5, 6 1;;
gap> for i in 1 do

> Print( i, " " );

> 1 :=[1;

> od; Print( "\n" );

123456

gap> 1;

[ 1]

for wariable in iterator do statements od;

It is also possible to have a for-loop run over an iterator (see 28.7). In this case the for-loop is equivalent
to

while not IsDonelterator (iterator) do
variable := NextIterator (iterator)
statements

od;

for wariable in object do statements od;

Finally, if an object object which is not a list or an iterator appears in a for-loop, then GAP will attempt
to evaluate the function call Iterator (object). If this is successful then the loop is taken to run over the
iterator returned.

gap> g := Group((1,2,3,4,5),(1,2)(3,4)(5,6));

Group([ (1,2,3,4,5), (1,2)(3,4)(5,6) 1)

gap> count := 0;; sumord := 0;;

gap> for x in g do

> count := count + 1; sumord := sumord + Order(x); od;
gap> count;

120

gap> sumord;

471

The effect of
for wariable in domain do
should thus normally be the same as
for wariable in AsList(domain) do
but may use much less storage, as the iterator may be more compact than a list of all the elements.

See 28.7 for details about iterators.

A for loop may be left prematurely using break, see 4.20. This combines especially well with a loop over
an iterator, as a way of searching through a domain for an element with some useful property.
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4.20 Break

1» break;

The statement break; causes an immediate exit from the innermost loop enclosing it. It is an error to use
this statement other than inside a loop.

gap> g := Group((1,2,3,4,5),(1,2)(3,4)(5,6));
Group([ (1,2,3,4,5), (1,2)(3,4)(5,6) 1)

gap> for x in g do

> if Order(x) = 3 then

> break;

> fi; od;

gap> X;

(1,4,3)(2,6,5)

gap> break;

A break statement can only appear inside a loop

4.21 Continue

1» continue;

The statement continue; causes the rest of the current iteration of the innermost loop enclosing it to be
skipped. It is an error to use this statement other than inside a loop.

gap> g := Group((1,2,3),(1,2));
Group([ (1,2,3), (1,2) 1

gap> for x in g do

> if Order(x) = 3 then

> continue;

> fi; Print(x,"\n"); od;

O

(2,3

1,3)

(1,2)

gap> continue;

A continue statement can only appear inside a loop

4.22 Function

1» function( [ arg-ident {, arg-ident} 1 )
[local loc-ident {, loc-ident} ; 1]
statements

end

A function is in fact a literal and not a statement. Such a function literal can be assigned to a variable or
to a list element or a record component. Later this function can be called as described in 4.10.

The following is an example of a function definition. It is a function to compute values of the Fibonacci
sequence (see 17.3.1).
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gap> fib := function ( n )

end;;
ap> List( [1..10], fib );
1, 1, 2, 3, 5, 8, 13, 21, 34, 55 1]

> local f1, f2, £3, i;
> f1 :=1; £f2 := 1;
> for i in [3..n] do
> £3 := f1 + £2;

> f1 := £2;

> f2 := £3;

> od;

> return f2;

>

g

[

Because for each of the formal arguments arg-ident and for each of the formal locals loc-ident a new variable
is allocated when the function is called (see 4.10), it is possible that a function calls itself. This is usually
called recursion. The following is a recursive function that computes values of the Fibonacci sequence

gap> fib := function ( n )

> if n < 3 then

> return 1;

> else

> return fib(n-1) + fib(n-2);
> fi;

> end;;

gap> List( [1..10], fib );

[1, 1, 2, 3, 5, 8, 13, 21, 34, 55 ]

Note that the recursive version needs 2 * fib(n)-1 steps to compute £ib(n), while the iterative version of
fib needs only n-2 steps. Both are not optimal however, the library function Fibonacci only needs about
Log(n) steps.

As noted in Section 4.10, the case where a function is defined with exactly one formal argument with the
name arg, is special. It provides a way of defining a function with a variable number of arguments; the values
of all the actual arguments are stored in a list and this list is assigned to the new variable corresponding
to the formal argument arg. There are two typical scenarios for wanting such a possibility: having optional
arguments and having any number of arguments.

The following example shows one way that the function Position (see 21.16.1) might be encoded and

demonstrates the “optional argument” scenario.
gap> position := function ( arg )
> local list, obj, pos;
> list := arg[1];
> obj := argl[2];
> if 2 = Length(arg) then
> pos := 0;
> else
> pos := argl3];
> fi;
> repeat
> pos := pos + 1;
> if pos > Length(list) then
> return fail;
> fi;
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> until list[pos] = obj;

> return pos;

> end;

function( arg ) ... end

gap> position([1, 4, 21, 4);

2

gap> position([1, 4, 2], 3);
fail

gap> position([1, 4, 2], 4, 2);
fail

The following example demonstrates the “any number of arguments” scenario.

gap> sum := function ( arg )

> local total, x;

total := O;

for x in arg do
total := total + x;

od;

return total;

end;

function( arg ) ... end

gap> sum(l, 2, 3);

6

gap> sum(1, 2, 3, 4);

10

gap> sum();

0

V V V V V V

The user should compare the above with the GAP function Sum (see 21.20.24) which, for example, may take
a list argument and optionally an initial element (which zero should the sum of an empty list return?).

Note that if a function f is defined as above with the single formal argument arg then NumberArguments-
Function(f) returns —1 (see 5.1.2).

The argument arg when used as the single argument name of some function f tells GAP that when it
encounters f that it should form a list out of the arguments of f. What if one wishes to do the “opposite”:
tell GAP that a list should be “unwrapped” and passed as several arguments to a function. The function
CallFuncLlist (see 5.2.1) is provided for this purpose.

Also see Chapter 5.
arg-ident -> expr
This is a shorthand for
function ( arg-ident ) return expr; end.

arg-ident must be a single identifier, i.e., it is not possible to write functions of several arguments this way.
Also arg is not treated specially, so it is also impossible to write functions that take a variable number of
arguments this way.

The following is an example of a typical use of such a function

gap> Sum( List( [1..100], x -> x"2 ) );
338350

When the definition of a function funl is evaluated inside another function fun2, GAP binds all the identifiers
inside the function fun that are identifiers of an argument or a local of fun2 to the corresponding variable.
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This set of bindings is called the environment of the function funl. When fun! is called, its body is executed
in this environment. The following implementation of a simple stack uses this. Values can be pushed onto
the stack and then later be popped off again. The interesting thing here is that the functions push and
pop in the record returned by Stack access the local variable stack of Stack. When Stack is called, a new
variable for the identifier stack is created. When the function definitions of push and pop are then evaluated
(as part of the return statement) each reference to stack is bound to this new variable. Note also that the
two stacks A and B do not interfere, because each call of Stack creates a new variable for stack.

gap> Stack := function ()
local stack;
stack := [];
return rec(
push := function ( value )
Add( stack, value );
end,
pop := function ()
local value;
value := stack[Length(stack)];
Unbind( stack[Length(stack)] );
return value;
end
)3
end; ;
A := Stack();;
gap> B := Stack(Q;;
gap> A.push( 1 ); A.push( 2 ); A.push( 3 );
gap> B.push( 4 ); B.push( 5 ); B.push( 6 );
gap> A.pop(); A.pop(); A.pop(O);

V VVVVVVVVVVYVVYV

%
o
\4

gap> B.pop(); B.pop(); B.pop();

This feature should be used rarely, since its implementation in GAP is not very efficient.

4.23 Return

return;

In this form return terminates the call of the innermost function that is currently executing, and control
returns to the calling function. An error is signalled if no function is currently executing. No value is returned
by the function.

return expr;

In this form return terminates the call of the innermost function that is currently executing, and returns
the value of the expression ezpr. Control returns to the calling function. An error is signalled if no function
is currently executing.

Both statements can also be used in break loops (see 6.3). return; has the effect that the computation
continues where it was interrupted by an error or the user hitting ctr-C. return expr; can be used to
continue execution after an error. What happens with the value ezpr depends on the particular error.

For examples of return statements, see the functions fib and Stack in Chapter 5.
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4.24 The Syntax in BNF

This section contains the definition of the GAP syntax in Backus-Naur form. A few recent additions to the
syntax may be missing from this definition. Also, the actual rules for identifier names implemented by the
system, are somewhat more permissive than those given below (see section 4.6).

A BNF is a set of rules, whose left side is the name of a syntactical construct. Those names are enclosed in
angle brackets and written in italics. The right side of each rule contains a possible form for that syntactic
construct. Each right side may contain names of other syntactic constructs, again enclosed in angle brackets
and written in dtalics, or character sequences that must occur literally; they are written in typewriter
style.

Furthermore each righthand side can contain the following metasymbols written in boldface. If the right
hand side contains forms separated by a pipe symbol (|) this means that one of the possible forms can occur.
If a part of a form is enclosed in square brackets ([ ]) this means that this part is optional, i.e. might be
present or missing. If part of the form is enclosed in curly braces ({ }) this means that the part may occur
arbitrarily often, or possibly be missing.
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Ident
Var

List

Record

Permutation :

Function

Char
String
Int
Atom

Factor
Term
Arith
Rel
And
Logical
Ezxpr

Statement

Statements

al...|z|A|...|Z|- {a]...|z|A]|...|Z|0]...]9]_}
Ident

Var . Ident

Var . ( Expr )

Var [ Expr ]

Var { Ezpr }

Var ([ Expr { ,Expr }])
Var V. Ident

Var V. ( Expr )

Var ‘[ Ezxpr ]

[ Expr | {, [ Ezpr]}]

{ Ezpr [, Exzpr ] .. Expr]

List > List ¢

rec( [ Ident := Expr {, Ident := Expr }|)
( Expr {, Expr } ) { ( Expr {, Ezpr } ) }
function ( [ Ident {, Ident }])
[ local Ident {, Ident } ; ]
Statements

end

Ident => Expr

“any character’

" { any character } "

ol1]...|9 {o]1]...|9}

Int

Var

( Expr)

Permutation

Char

String

Function

Lust

Record

{ not } true

{ not } false

[+]-} Atom [~ {+|-} Atom ]
Factor { *|/|mod Factor }

Term { +|- Term }

{ not } Arith [ =|<>|<|>|<=|>=|in Arith ]
Rel { and Rel }

And { or And }

Logical

Var

FExpr

Var := FExpr

if FExpr then Statements

{ elif Expr then Statements }

[ else Statements | £i
for Var in Exzpr do Statements od
while Fxpr do Statements od
repeat Statements until Ezpr
return | Ezpr |

break

quit

QUIT

Statement ; }

’
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Functions

The section 4.22.1 describes how to define a function. In this chapter we describe functions that give informa-
tion about functions, and various utility functions used either when defining functions or calling functions.

5.1 Information about a function

1» NameFunction( f