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Radio Buttons

Radio buttons allow the user to select
one of a number of choices.

Figure M.6
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Menus

A menu's items are exposed when the
menu's button is pushed. Menus can
have submenus.

FigureM.7

Text Lists

Textlists allow the user to scroll though
lines of text and select one or more of
them.

FigureM.8

Text-Entry Fields

Text-entry fields provide the user with
an area to enter and edit text.

user:~== group:

FigureM.9

Sliders

Slidershave thumbs thatcanbemoved
to select a numerical value within a
specified range. Sliders canbe vertical
or horizontal.

FigureM.I0
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Scrollbars

Scrollbars perform the same function
as sliders but have buttons on the ends
as well as a thumb for adjusting the
position.

FigureM.ll

Regions

Regions are rectangular areas that can
accept user events. Regions are avail­
able in several styles to provide differ­
ent visual appearances.

FigureM.12

Labels

Labels provide text but do not accept
events.

o\nom:OHI sin(x)/x

FigureM.13

The Application Canvas

Lines

Lines can be used to decorate the inter­
face. Lines do not accept events.

Figure M.14

The application canvas is configured by using the box on its lower-right
comer. Dragging this box resizes the application canvas. Clicking the right
mouse button on this box brings up a dialog, as shown in Figure M.tS.
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procedure _: ~=::;;;;;;-====::;::::=;;;;;;:;=;;1.._--;1
wtndow 1...1:

wtdth:
Might:

C8nCe1

Application Canvas Dialog Figure M.ts

The dialog window button is checked when a custom dialog, instead of
an application interface, is being constructed. In this case, the name of
a procedure for invoking the dialog can be specified. Neither of these is
relevant for building an application interface.

The VIB window can be resized by using the window manager if it is not
large enough to accommodate the application canvas.

Creating Vidgets

A vidget is created by clicking on its icon in the vidget bar and dragging
it into position on the application canvas. It can be repositioned later. The result
of creating and placing a slider vidget is shown in Figure M.16.



Fne Edlt select

Appendix M VIS

r--=~:~ H:_==..:",:_ -:_- ~ ~:~ __~". _:.~=:=::~_ ... ~_ -. -,- -- - - - ---
f ;' • .'. j ~J!, ~,q

I

463

A

A Newly Created Vidget Figure M.16

Although it's usually worthwhile to position a newly created vidget
approximately where you expectyou will want it, fine-tuning is best left
until later.

Vidget Attributes

Vidgets have a variety of attributes, some that are common to all vidgets
and some that are specific to the type of the vidget.Every vidget has an ID
attribute. Vidgets are identified by their IDs, bothin VIB and in the application
that uses the interface. All vidgets also have a position, given as the x-y
coordinates ofits upper-left comer. Most kinds ofvidgets have size attributes as
well. All vidgets except for labels and lines have a callback attribute that names
the application procedure that is called when the user manipulates the vidget.

When a vidget is created, it has default attributes. These attributes canbe
changed later.

Clicking with the right mouse button on a vidget brings up a dialog
showing the vidget's attributes. The attribute dialog for a button is shown in
Figure M.17.
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Attribute Dialog for a Button

Thisdialogshows thedefault attribute
values for a button.

Figure M.17

The label attribute is what appears on the button. The radio buttons in the
center and the outline button at the right provide choices for the visual appear­
ance of the button. The toggle button allows a choice of a regular button or one
that maintains an onloff state. The dialog default button is used to designate a
default button that in turn is used to dismiss a custom dialog when the user
enters return.

Figure M.18 shows that attribute dialog for a set of radio buttons.

app.lcn

IItIMMiijjdi
radi o...bUttOlLcbl

x: 221
y: 49

Dialog for a Set of Radio Buttons

Three buttons with default names
are provided initially. These names
can be changed by editing their text­
entry fields.

FigureM.18

Additional buttons can be added by clicking on one of the add buttons
that appear at the left; the top and bottom add buttons insert a field above and
below the first and last fields, respectively. The other add buttons insert fields
between existing ones, as indicated by their positions. The del buttons at the
right delete the fields to their immediate left.

The attribute dialog for a menu is shown in Figure M.19.
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Dialog for a Menu

Three items are pro­
vided initially with de­
fault names. The items
canbeedited, and items
can be added and de­
leted in the manner
used for radio buttons.

FigureM.19

Clicking on create submenu brings up a dialog for a submenu, as shown
in Figure M.20.

del
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del

Okay C8nCe1
,-

Dialog for a Submenu

Except for the label, ID,
position, and callback
attributes, the dialog for
a submenu is the same
as for a menu.

Figure M.20

The attribute dialog for a text list is shown in Figure M.21.

ID:
callbeck:

Il: 153 width: 1110

y: 51 height: 1110

Dialog for a Text List

There are three choices for user selec­
tion: read only, which allows the user
to scroll through the lines butnot select
any; select one, which allows the user
to select a single line; and select many,
which allows selection of any or all
lines.

FigureM.21

Figure M.22 shows the attribute dialog for a text-entry field.
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Dialog for a Text-Entry Field

The label field provides for
text that appears at the left of
the field. An initial value for
the text canbe entered and the
number ofcharacters allowed
in the field can be specified.

Figure M.ll

The attribute dialog for a slider is shown in Figure M.23.
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Dialog for a Slider

The orientation and dimensions for a
slider can be changed as indicated.

Figure M.23

The default values of the extreme positions of the thumb default to 0.0
and 1.0, allowing scaling in the application. If the filter toggle is on, a callback
occurs only when the user releases the thumb. Otherwise, a callback occurs
whenever the user moves the thumb.

The attribute dialog for a scrollbar is shown in Figure M.24.
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Okay C8ncel

Dialog for a Scrollbar

The dialog for a scrollbar is the same as
the dialog for a slider, since the only
differences between the two types of
vidgets are their visual appearance
and the functionality by which the
user can change the position of the
thumb.

FigureM.24

The attribute dialog for a region is shown in Figure M.25.
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Dialog for a Region

The dialog of a region provides four
choices for the appearance of the bor­
der.

Figure M.25

18l1el:
ID:

Figure M.26 shows the attribute dialog for a label.

Dialog for a Label

Label vidgets are the simplest
of all vidgets.

x: 42lJ

y: 1

Okay C8ncel
,I

FigureM.26

Figure M.27 shows the attribute dialog for a line.
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Manipulating Vidgets

Selecting and Deselecting Vidgets
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Dialog for a Line

A line vidget differs from other vidgets in
having x,y coordinates for its end points.

FigureM.27

A vidget can be moved or modified only when it is selected. Only one
vidget can selected at a time. A vidget can be selected by clicking on it, which
highlights its comers to indicate it is selected. When a vidget is selected, any
previously selected vidget is deselected. Clicking on the canvas at any place
other than on a vidget deselects the currently selected vidget, leaving no vidget
selected.

A vidget also can be selected by using the Select menu, which displays
the IDs of all vidgets as shown earlier. This method of selection is useful if a
vidget is "lost" because it is behind another vidget or because it is too small to
be selected by clicking on it.

Resizing Vidgets

A vidget can be resized by selecting it, pressing the mouse on one of its
four comers, and dragging that comer to a new location. The diagonally
opposite comer remains anchored, and the size changes. Some vidgets enforce
constraints on resizing. For example, a button cannot be made smaller than its
label. Other vidget types, such as menus, cannot be resized at all.

Positioning Vidgets

A vidget can be repositioned by selecting it and dragging with the left
mouse button depressed. A selected vidget can be moved one pixel at a time by
using the arrow keys on the keyboard. They are useful for small movements and
precise positioning. A vidget also can be repositioned by using its dialog and
changing the x-y coordinates of its upper-left comer.

Vidgets can be aligned by selecting an "anchor" vidget and then choos­
ing align horiz or align vert from the Edit menu. Horizontal alignment aligns the
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left edges of vidgets with the left edge of the anchor vidget, while vertical
alignment aligns the tops.

When an alignment is chosen from the Edit menu, the cursor is changed
to ¢:::> or n, depending on the choice of alignment. (These cursor shapes may be
different on some platforms.) Subsequently, clicking on a vidget aligns it with
the anchor vidget. Several vidgets canbe aligned in this manner. Clicking on the
canvas off any vidget restores the cursor to an arrow and its normal functional­
ity.

Figure M.28 shows four scrollbars that need to be aligned horizontally
with the topmost one selected as the anchor.

Vidgets to Be Aligned Figure M.28

In this example, the vidgets are obviously misaligned. Even if the
alignment is just slightly off, it's worth fixing it to make the interface
look tidy and professional.

The result of selecting align horiz and clicking on each of the three
scrollbars below the anchor is shown in Figure M.29.
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Aligned Vidgets

Note that the anchor vidget still is selected.

Deleting Vidgets

FigureM.29

The selected vidget can be deleted by choosing delete from the Edit
menu, by pressing the delete key, or by entering @ X. This operation can be
undone by choosing undelete from the Edit menu or by entering @ U, provided
no other action has been performed since the vidget was deleted.

Copying Vidgets

The selected vidget can be copied by choosing copy from the Edit menu
or by entering @C.

The copied vidget is selected when it is created. It is offset vertically and
horizontally from the vidget from which it was copied. Attributes other than the
ID, callback, and position are inherited from the vidget from which it was
created.
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A custom dialog is very similar to a visual interface for an application:
Vidgets with various functionalities can be positioned as desired.

There are two noticeable differences between custom dialogs and visual
interfaces:

• Menus, regions, and text lists cannot be used in custom dialogs. They
may be created and placed, but they are ignored when the dialog is
saved.

• A custom dialog must have at least one regular button, so that it can
be dismissed. VIB refuses to save a custom dialog without a regular
button.

VIB must be told that it is creating a custom dialog rather than a visual
interface, which is the default. This is done in the canvas dialog that comes up
as a result of clicking with the right mouse button on the lower-right comer of
the application canvas.

Two things are needed to create a custom dialog: providing a procedure
name by which the dialog will be called and setting the dialog window toggle.
Figure M.30 shows an example.

-I
procedure _: IIEIIIIII
wl ndow 1abel : attnbutes

wldth: 370

height: 400 • dialog wlndow

1·1-1
Custom Dialog Settings

Theprocedurename field
is ignored for a visual in­
terface butis required for
a custom dialog.

Okay cancel

Figure M.30

One button can be designated as the default button for dismissing a
custom dialog. This is done by setting the dialog default toggle in the attribute
dialog for the button, as shown in Figure M.31.
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A Default Button

The default button is outlined as it is
for standard dialogs. Entering return
to dismiss a custom dialog is equiva­
lent to clicking on the default button.

FigureM.31

The application canvas as shown by VIB is very similar to the way it
appears when the application is run. The dashed lines that show the boundary
of a region with an invisible border do not, of course, show when the visual
interface is used in an application.

The exact appearance of the interface can be obtained by selecting
prototype (@ P) from the File menu. This constructs and launches an application
with the current interface and a dummy program for handling events.

Manipulating vidgets on the prototype produces information about
callbacks, IDs, and vidget values.

A prototype for a visual interface can be terminated by typing q with the
cursor not on a vidget. The prototype for a custom dialog can be dismissed by
clicking on one of its regular buttons. A dialog is presented to confirm that you
wish to terminate the prototype instead of continuing to test it.

Limitations

VIB has several limitations that should be considered before designing
an interface:

• VIB can handle only one interface section in a file.

• The location and attributes of vidgets cannot be changed when an
application is running.

• There is no provision for adding new kinds of vidgets.

• There is no provision for decorating vidgets with images.
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Platform Dependencies

Microsoft Windows

Icon for Windows runs on pes with Windows 95 and above, Windows
NT, and Windows 3.1 (with Win32s). Windows machines vary greatly in their
hardware capabilities, so we can't describe precisely how things work in all
situations.

Font Specifications

Windows comes with very few fonts. The set of fonts available on a given
machine is a function of the set of applications and fonts that havebeen installed.
As a result, Windows machines vary widely in their interpretation of font
requests. The same specification in Icon can produce fonts of different appear­
ance on different machines.

Windows' native font specifications are complex structures that specify
a set of desired characteristics, from which a "nearest match" is chosen by
Windows when a font is requested. Windows has fonts based on different
character sets. The standard Icon font names (fixed, sans, serif, mono, and
typewriter) return a font that uses the so-called ANSI character set.

Color Specifications

Windows does not provide a built-in set of color names, so Icon's
standard color names comprise the complete set of recognized names.

Depending on the hardware configuration, Windows may use dithered
colors in response to any particular color request. This results in an unattractive
appearance in applications where solid colors are expected. Most colors are
dithered on 16-color machines, and color-intensive applications are ugly or

473
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unusable on those systems.

Color correction is controlled by the gamma attribute. The default value
of the gamma attribute is 1.0 (the operating system handles gamma correction).

Images

In ReadlmageO, ifan image file is not a valid GIF file, an attempt is made
to read it as a Windows bitmap file.

In WritelmageO, if the file name ends in .bmp or .BMP, a Windows
bitmap file is written. In all other cases a GIF file is written. WritelmageO fails if
GIF formatis selected butthe area beingwritten contains more than 256 different
colors.

Keyboard Event Codes

Icon uses Windows scan codes as integer event codes for special keys.
Symbolic definitions given in Appendix Jand located in file keysyms.icn allow
applications to refer to these special keys in a system-independent way.

Cursors and Pointers

The text cursor is a slowly flashing solid block. It is visible only when the
cursor attribute is "on" and the program is awaiting input from WReadO or
WReadsO·

The pointer attribute can take any of the values shown in Figure N.1.

Windows Pointers

arrow
+

cross

I

ibeam uparrow wait

The appearance of these pointers
varies somewhat with the version
of Windows used.

Figure N.1

Limitations

• The attribute linestyle is ignored by Windows when the line width is
greater than 1; line widths greater than 1 are always drawn using a
solid line style.

• The attribute fillstyle does not support the value "masked". When
masked fills are requested, textured fills are performed instead.

• Mutable colors do not work correctly.
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• Reversible drawing ("drawop=reverse~l)does not work correctly.

The X Window System

Under X, an Icon program is a client that performs graphical I/O on a
server. The client and server can be the same machine, as when a program runs
and displays locally on a workstation, or they can be on different machines. A
remote server can be specified by using the display attribute when opening a
window.

There are many implementations of X, and different systems provide
different features, so we can't describe precisely how things work in all situa­
tions.

Font Specifications

The XWindow System provides both tuned and scalable fonts using a
complex naming scheme. The font chosen by Font("Helvetica,19") may be
designated

-adobe-helvetica-medium-r-normal- -19-0-75-75-p-O-iso8859-1

which is actually a scaled instance of the master font

-adobe-helvetica-medium-r-normal- -O-O-O-O-p-o-iso8859-1

Icon translates font specifications into X form, so that this underlying
complexity can be ignored by the programmer.

In interpreting a font specification, Icon recognizes the following font
characteristics and tries to match them as well as possible against the available
X fonts:

condensed, narrow, normal, wide, extended
light, medium, demi, bold, demibold
roman, italic, oblique
mono, proportional
sans, serif

The same specification can produce fonts of different appearance on different
servers.

If a font specification is not understood or matched by Icon's font­
naming system, it is passed verbatim to X as a font name. This allows the use of
native X font specifications, including wild cards. As a special case, a font
specification of "fixed" (without any size or other characteristics) is passed to X
as a font name without interpretation.
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Color Specifications

Platform Dependencies Appendix N

The X implementation of Icon is limited to a maximum of 256 colors at
anyone time, even if the hardware supports more.

Color specifications that are not recognized by Icon are passed to X for
interpretation. X servers typically offer large sets of color names, including
unusual ones, such as orchid and papayawhip.

Color correction is controlled by the gamma attribute. The default value
of gamma is based on the color returned by Xfor the device-independent Xcolor
specification RGSi:.5/.5/.5. On older X systems that do not recognize this
specification, a configuration default value is used.

The interpretation of RGSi:.5/.5/.5 depends on properties associated with
the root window. These properties are set by the xcmsdb utility. The library
program xgamma can be used to set the properties to approximate a particular
gamma value.

Images

In ReadlmageO, if an image file is not a valid GIF file, an attempt is made
to read it as an X Bitmap or X Pixmap file.

In WritelmageO, if the file name ends in .xbm or .xSM, an X Bitmap file
is written. If the file name ends in .xpm or .XPM, an X Pixmap file is written. If
the file name ends in .xpm.Z, a compressed X Pixmap file is written. In all other
cases a GIF image is written.

Keyboard Event Codes

Icon uses X keysym codes as event codes. The actual code returned for a
particular key depends on the configuration of the X server; this can be altered
dynamically by the xmodmap utility. For example, the Sun keypad has one key
labeled "3", "PgDn", and "R15". Whether this key produces an Icon event "3",
Key_PgDn, Key_R15, or even something else, depends on the X configuration.

The library file keysyms.icn lists many of the possible codes. For maxi­
mum portability, use only those that appear in Appendix J.

Cursors and Pointers

The text cursor is an underscore character. It is visible only when the
cursor attribute is "on" and the program is awaiting input in WReadO or
WReadsO. The cursor does not blink and may be difficult to locate in a window
containing a large amount of text.
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The mouse location indicator, setby the pointer attribute, is selected from
the X cursor font. The default is nleft ptrn. The available values and the corre­
sponding cursor shapes are shown in Figure N.2.
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X Window Cursors FigureN.2

XWindows provides many cursors, some of them whimsical. Can you
think of uses for all of them?

X Resources

Under X, WDefaultO returns values registered with the X Resource
Manager. These values often are set by an .Xresources or .Xdefaults file.
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Running an Icon Program

The implementation of Icon is based on the concept of a virtual machine - an
imaginary computer that executes instructions for Icon programs. The Icon
compiler translates Icon programs into assembly language for the virtual
machine and then converts the assembly language into virtual machine code.
This virtual machine code is then run on a real computer by an interpreter. This
implementation method allows Icon to run on many different computer plat­
forms.

Compiling and running Icon programs is easy. It is not necessary to
understand Icon's virtual machine, but knowing the nature of the implementa­
tion may help answer questions about what is going on in some situations.

How Icon programs are run necessarily varies from platform to plat­
form. On some platforms, Icon is run from the command line. On others, it is run
interactively through a visual interface. This chapter describes how Icon is run
in a command-line environment, such as under UNIX, and under Microsoft
Windows. Even for these environments, the details depend on the platform. In
any event, the user manual for a specific platform is the best guide to running
Icon.

Running Icon from the Command Line

The name of a file that contains an Icon source program must end with the suffix
.icn, as in hello.icn. The .icn suffix is used by the Icon compiler to distinguish Icon
source programs from other kinds of files.

The Icon compiler usually is named icont. To compile hello.icn, all that
is needed is

icont hello.icn

479
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The suffix .icn is assumed if none is given, so this can be written more simply as

icont hello

The result is an executable icode file. The name of the icode file depends on the
platform on which Icon is run. On some platforms, notably UNIX, the name is
the same as the name of the source file, but without the suffix. On these
platforms, the compilation of hello.icn produces an icode file named hello. For
Microsoft Windows, the name is hello.bat. Other platforms have other naming
conventions.

After compilation, entering

hello

runs the program.

An Icon program can be compiled and run in a single step using the -x
option following the program name. For example,

icont hello -x

compiles and executes hello.icn. An icode file also is created, and it can be
executed subsequently without recompiling the source program.

There are command-line options for icont. Options must appear before
file names on the icont command line. For example,

icont -5 hello

suppresses informative messages that icont ordinarily produces.

Input and Output Redirection

In a command-line environment, most input and output is done using standard
input, standard output, and standard error output. Standard input typically is
read from the keyboard, while standard output and standard error output are
written to the console.

Standard input and standard output can be redirected so that files can be
used in place of the terminal. For example,

hello < hello.dat > hello.out

executes hello with hello.dat as standard input and hello.out as standard output.
(The directions in which the angular brackets point, relative to the program
name, are suggestive of the information flow.)
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Command-Line Arguments

481

Arguments on the command line following an icode file name are available to
the executing Icon program in the form of a list of strings. This list is the
argument to the main procedure. For example, suppose args.icn consists of

procedure main(arguments)

every write(!arguments)

end

This program simply prints the command-line arguments with which it is
executed. Thus,

icont args
args Hello world

writes

Hello
world

When -x is used, the arguments follow it, as in

icont args -x Hello world

Arguments are separated by blanks. The treatment of special characters,
methods of embedding blanks in arguments, and so forth, vary from platform
to platform.

Environment Variables

Environment variables can be used to configure Icon and specify the location of
files. For example, the environment variable IPATH can be used to specify the
location of library modules. If graphics is in

/usr/icon/ipl/gprogs

and IPATH has that value, then

link graphics

will find it.

Here are other environment variables that may be useful. Their default
values are given in parentheses.
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BLKSIZE (500000)

IPATH (undefined)

LPATH (undefined)

MSTKSIZE (10000)

STRSIZE (500000)

TRACE (undefined)

Running Icon Appendix 0

The initial size of the allocated block re­
gion, in bytes.

The location of files specified in link decla­
rations. IPATH is a blank-separated list of
directories. The current directory is always
searched first, regardless of the value of
IPATH.

The location of source files specified in
preprocessor $include directives. LPATH is
a blank-separated list of directories. The
current directory is always searched first,
regardless of the value of LPATH.

The size, in words, of the interpreter stack.

The initial size of the allocated string region,
in bytes.

The initial value of &trace.

Running Icon under Microsoft Windows

The Microsoft Windows implementation of Icon runs under Windows
95, Windows NT, and Windows 3.1. The compiler and interpreter can be
invoked either using command-line invocation or through a visual develop­
ment environment, except on Windows 3.1, which only supports the visual
development environment. This section briefly describes running Icon under
Microsoft Windows. For details on hardware and software requirements, see
Jeffery (1997).

When Windows Icon is installed, it produces the files shown in Figure
0.1.

Frequently Graphics
Asked 0... Facilities

Windows Intro 10 Icon Lcnguage
Icon Help Reference

i# ~
IPI. Ubrary Uninstall
Reference Windo...

Icon Files in Microsoft Windows

The files shown as question marks pro­
vide on-line help.

Figure 0.1
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Editing, Compiling, and Executing

Double-clicking the Windows Icon icon launches Wi, the Windows Icon
programming environment. Wi is written in Icon and allows you to edit,
compile, and execute programs. To start, select the name of a file to edit, as in
Figure 0.2:

Fileneme:

FielI 01 JYpe: Icon Sources(".icn)

r Open lIS [8ed-only

Opening an Icon File Figure 0.2

You can easily select an existing Icon source file or name a new one. If
you clickOpen withoutchoosing aname, the defaultname of noname.icn
is used.

Editing occurs within the main Wi window, as shown in Figure 0.3.
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opened C:\WINICON\BIN\nonarne.icn, l1ines, 29 characters

Editing a File Figure 0.3

The top area shows program source code, while the bottom portion
shows messages such as compiler errors. You can change the font and
the number of lines used to show messages from the Edit menu.

When you are done editing your program, you can save it, compile it,
make an executable, and run your program using menu options. The on-line
help includes a more detailed explanation of these operations.

Error Handling

A compilation error results in a message in which the editor highlights
the line at which the error was detected. Figure 0.4 shows an example.
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end

'cont -8 -0 C:\WINICON\BIN\noname C:\WINICON\BIN\noname.icn
execution complete

ranslating:
C:\WINICON\BIN\noname.icn:
File C:\WINICON\BIN\noname.icn; Line 2 # ")": invalid argument
1 error

A Syntactic Error Figure 0.4

Run-time errors also result in a message for which the source line is
highlighted. When the error messages become long, you can either
increase the number oflines for the message window (as was done here)
or scroll through the message window's entire text using the scrollbar.

User Manuals

The best source of information for running Icon on a particular platform
is the Icon user manual for that platform. User manuals are included with
distributions of Icon. They also are available on-line. See Appendix P.
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Icon Resources

Many resources are available to Icon programmers. These include implementa­
tions for many platforms, a program library, source code, books, technical
reports, newsletters, and a newsgroup.

Most Icon material, except for books, is available free of charge.

The CD-ROM

The CD-ROM that accompanies this book includes almost all Icon
material except books and newsletters. See Appendix Q.

On-Line Access

The Icon home page on the World Wide Web is located at

http://www.cs.arizona.edulicon/

The Icon Web site includes general information about Icon, reference
material, the current status of Icon, implementations, the Icon program library,
documentation, technical support, and so on.

Updates to this book will be posted on the Icon Web site.

The address for anonymous FrP is

ftp.cs.arizona.edu

From there, use cd /icon and get README for instructions on navigating.

Implementations

All implementations of Icon are in the public domain and available as
described in the preceding section.
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The current version, Version 9, presently is available for the Acorn
Archimedes, the Amiga, Macintosh/MPW, MicrosoftWindows, MS-DOS, many
UNIX platforms, VAX/VMS, and Windows NT. Icon's graphics facilities pres­
ently are supported for Microsoft Windows, UNIX, and Windows NT.

Documentation

Documentation on Icon is extensive. In addition to this book, there two
other books devoted to Icon:

The Icon Program Language (Griswold and Griswold, 1996) contains a
description of Version 9.3 of Icon, including a detailed reference manual.

The Implementation of the Icon Programming Language (Griswold and
Griswold, 1986) contains a detailed description of how Icon is implemented.
Although it describes an earlier version, it still is a useful reference.

There are two newsletters:

fJ11e Icon 9{g.wsfetter (Griswold, Griswold, and Townsend, 1978-) is
published three times a year and contains material of a topical nature, such as
work in progress and new implementations. This newsletter also is available on
the Icon Web site.

mlfe ;Ucon J\nal\!lid (Griswold, Griswold, and Townsend, 1990-) pro­
vides in-depth coverage of technical matters related to Icon, including program­
ming techniques and applications.

There are many technical reports and user manuals for various plat­
forms.

The newsgroup comp.lang.icon discusses issues related to Icon. There
also is a mailing list connected to the newsgroup via a gateway. To subscribe,
send mail to

icon-group-request@cs.arizona.edu

Information about Icon also is available from

Icon Project
Department of Computer Science
The University of Arizona
P.O. Box 210077
Tucson, Arizona 85721-0077
U.S.A.

voice:
fax:

e-mail:

(520) 621-6613
(520) 621-4246

icon-project@cs.arizona.edu
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About the CD-ROM

The CD-ROM that accompanies this book contains a vast amount of material
related to Icon, including:

• programs, procedures, and images from this book

• additional example programs and images not found in this book

• the Icon program library

• implementations of Icon for Microsoft Windows and UNIX

• implementations without graphics support for other platforms, in-
cluding the Amiga, MS-DOS, and the Macintosh

• C source code for the implementation of Icon

• user's manuals, technical reports, and other documentation

• Adobe Acrobat Reader for viewing PDF documents

• images and 3-D models depicting Icon program behavior

How to Use the CD-ROM

The CD-ROM can be used on Windows, UNIX, and other platforms. It is
like a Web site that is self-contained except for a few links to external Web pages
related to Icon.

All you need to use the CD-ROM is a Web browser, such as Netscape
Navigator or Internet Explorer. You do not need an Internet connection unless
you want to access external sites.

Start by launching your browser and opening index.htm at the top level
of the CD-ROM. From there, you can get to everything on the CD-ROM.
Navigational aids are provided.
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The CD-ROM Web page should look something like this (the appearance
varies somewhat from browser to browser):

8, ----=..:Ne"'ts"'-c_ap'--e_:_G_rap-'-h_ic_S_I'l'o~g~ram_m_in~g~in_l_co_n ~I j~
View Go Window Help

Graphics Programming in Icon

Software

• Icon for Windows
• Icon for UNIX
• Icon for other platforms
• Inside Icon

• The Icon program library
• Adobe Acrobat Reader

IntroductolY Documentation

• An Overview of Icon (Griswold)
• A Brief Introduction to Icon (Hanson)
• Frequently Asked Questions

Reference Documentation

• Language Reference
• Program library indexes
• Documentation index
• Books about Icon

From the Graphics Book

• Images and sample code

The Icon Web Site

• On the Internet: http://www.cs.arizona.edu/icon/
• On this CD- ROM: web site snapshot

File Formats

The CD-ROM contains files in several different formats, with the format of
each file indicated by its extension. Most files fall into one of the categories listed
here:

.C and.H

.GIF

.HTM

.ICN

.PDF

.PS

.R and .RI

C source code
GIFimages

HTML documentation ("Web pages")
Icon source code

Acrobat documentation (a viewer is supplied)
PostScript documentation

Icon run-time system source code
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.TAZ

.TGZ

.TXT

.WRL

.ZIP

none

compressed UNIX tar files (.Z format)

gzipped UNIX tar files (.gz format)

simple text files
VRML 1.0 worlds

ZIP format compressed archives

generally, simple text files

Web pages, images, text files, and source code can be viewed directly using
a Web browser. Some other formats, including PostScript, PDF, and VRML, can
be viewed from a browser if the appropriate plug-in or helper application is
installed. The files that remain are generally not intended for display but rather
for other uses. These files can be saved or "downloaded" to your hard disk using
the browser.

Most text files incorporate line terminators in the style of MS-DOS (return
followed by linefeed). This is the standard format under Microsoft Windows.
Under UNIX, such files can be read without problems by Icon programs, web
browsers, and many other programs. The return character may be visible when
viewing one of these files in a text editor.

External Links

There are a few links on Web pages on the CD-ROM that reference
external sites. If you have an Internet connection, you can access these to get
more information and see what others are doing with Icon. If not, you'll get an
error message if you try to follow an external link.

Be sure to visit the Icon Web site. It is updated frequently and contains
the latest information and software.

The external links on the CD-ROM were functional at the time the CD­
ROM was prepared. Realize, however, that Web sites change location and
sometimes disappear.
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$define 42, 51, 372
$else 43, 374
$endif 43, 374
$error 374
$ifdef 43, 374
$ifndef 374
$include 43, 46, 371
$Iine 372
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&cset 423
&date 424
&dateline 424
&digits 30, 424
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&Icase 425
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&mdrag 184, 425
&meta 186, 425, 451
&mpress 184, 426
&mrelease 184, 426
&null 21, 426
&output 40, 426
&phi 426
&pi 426
&pos 426
&progname 426
&random 102, 426
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&resize 184, 185, 427
&row 186, 427
&rpress 66, 184, 427
&rrelease 66, 184, 427

&shift 186, 427, 451
&subject 427
&time 427
&trace 56, 428
&ucase 428
&version 428
&window 59, 165, 166, 387, 428
&x 185, 428, 451
&y 185, 428, 451
! (element generation) 25, 27, 28, 380
! (procedure invocation) 37, 386
% (remainder) 22, 48, 381
& (conjunction) 11, 49, 382
o(grouping) 49, 51
o(procedure invocation) 386
* (product) 22, 48, 381
* (size) 25, 27, 28, 31, 380
** (intersection) 27, 382
+ (positive) 379
+ (sum) 22, 48, 381
++ (union)
- (difference) 22, 48, 381
- (negative) 22, 379
-- (difference) 27, 382 27, 382
. (dereferencing) 381
. (field reference) 24, 48, 382
.bat files 44, 480
.icn files 44, 479
.u1 / .u2 files 45
.Xdefaults 477
.Xresources 477
/ (null test) 21, 380
/ (quotient) 22, 48, 381
:= (assignment) 19, 49, 50, 383
:=: (exchange) 20, 384
; (expression separator) 8, 50
< (numerical comparison) 22, 383
<....: (reversible assignment) 17, 384
<-> (reversible exchange) 384
« (string comparison) 32, 383
«= (string comparison) 32, 383
<= (numerical comparison) 22, 383
= (numerical comparison) 22, 383
= (string matching) 34, 379
== (string comparison) 32, 383
=== (value comparison) 383
> (numerical comparison) 22, 383
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>= (numerical comparison) 22, 383
» (string comparison) 32, 383
»= (string comparison) 32, 383
? (random selection) 23, 25, 27, 28, 102,

380
? (string scanning) 33, 49, 377
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[+:] (subscript) 385
[:] (substring or section) 31-32, 385
[,] (multiple subscript) 303, 385
[] (subscript) 25, 27, 31-32, 385
[...] (list creation) 24, 384
\ (limitation) 15, 377
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- (complement) 379
-= (numerical comparison) 22, 383
-== (string comparison) 32, 383
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absO 409
acos() 23, 409
ActiveO 189, 191, 258, 388
Alert() 192, 388
alternation 11, 13, 18, 377
analysis, string 32
angles 84, 106, 447
animation 94-97, 151-153, 177, 181
anyO 409
arcs 81-85, 446
arithmetic 21-22
arrays See lists
ascender 132
ascent 133, 432
ASCII 29
asin() 23, 410
assignment 19, 49, 50, 383-384

augmented 19, 383
associativity 48, 49
atanO 23, 410
attributes 60, 62-64, 69, 429-440

of canvases 168, 430
of graphics contexts 168, 431
of lines 85
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of vidgets 463
with VIB 262

augmented assignment 19, 383
automatic type conversion 20

B

background color 62, 64, 78, 86, 88, 144,
151, 158

backspace character 128, 194, 212
backtracking 16, 17
bal() 410
base line 132
bg 63, 432
B90 63, 143, 388
binary tree 53
BLKSIZE 482
blocking 189
BMP image format 474
braces 10, 49
break 12, 375
buttons 208, 237, 459, 464

dialog default 293, 464, 471
in text dialogs 297

c
callbacks 191, 215-217, 271-283, 454

sharing 264
canvas 167-173, 173

attributes 168
VIB 225, 461

canvas 173, 432
case 13, 375
CD-ROM 489-491
center() 31, 410
CenterString() 388
coercion See conversion
char() 410
character positions 31
characters 29-34

codes 29
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client 192, 475
Clip() 89, 388
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c1ipx 89, 432
clipy 89, 433
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CloneO 169, 389, 429
cloning 169-171
closeO 42, 411
col 128, 433
ColorO 146, 389
ColorDialogO 291, 389
colors 139-153 See also gamma correction

additive 141
brightness 144
decimal specifications 142
dialogs 204, 291
hexadecimal specifications 142
interface design 261
limited number 145, 476
maps 145-146
mutable 146, 146-148, 474
names 139-141, 145
numerical specifications 141
palettes 441-444
portability 145
primary 141
random 163
specification 139-144, 473, 476
subtractive 142

ColorValueO 142, 145, 390
columns 128, 133
columns 167, 433
comments 8
comparison

numerical 22, 383
string 32, 383
success and failure 10
value 383

compilation 44, 479
compound expressions 10
concatenation, string 30
conditional compilation 43, 374
conjunction 11, 49
continuation lines 50
control key 186, 197
control structures 12-13, 375-377
conversion 20, 98
coordinate system 60, 88-89, 100, 178
cOPYO 53, 323, 411
CopyAreaO 174, 178, 390
cosO 23, 411
CoupleO 171, 390
coupling 167-173
csetO 411
csets 29-30

literals 30, 369

cursor
mouse See pointer
text 128, 194, 212, 474, 476

cursor 128, 433, 474, 476
curves 85, 446
custornization, of graphics system 175

D

data types 18
checking 20
conversion 20, 98
errors 56
notation 365

debugging 55-56
declarations

global 36-37
initial 36
link 45
local 36-37
procedure 35-36
record 23
static 36-37

default
case clause 13
dialog button 293, 464, 471
parameter value 35, 102
program options 175
table value 28

default 13
delayO 411
delete character 128
deleteO 27, 411
depth 145, 433
descender 132
descent 133, 433
detabO 412
dialog_value 194, 287, 289, 290, 291
dialogs 287-298

colors 204
custom 292-295, 471-472
field order 297
hidden 298
standard 193-196, 287-291
standard versus custom 296

difference 27
directives

conditional compilation 374
define 42, 51, 372
error 374
include 43, 46, 371-372
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columns 128, 133
columns 167, 433
comments 8
comparison

numerical 22, 383
string 32, 383
success and failure 10
value 383

compilation 44, 479
compound expressions 10
concatenation, string 30
conditional compilation 43, 374
conjunction 11, 49
continuation lines 50
control key 186, 197
control structures 12-13, 375-377
conversion 20, 98
coordinate system 60, 88-89, 100, 178
cOPYO 53, 323, 411
CopyAreaO 174, 178, 390
cosO 23, 411
CoupleO 171, 390
coupling 167-173
csetO 411
csets 29-30

literals 30, 369

cursor
mouse See pointer
text 128, 194, 212, 474, 476

cursor 128, 433, 474, 476
curves 85, 446
custornization, of graphics system 175

D

data types 18
checking 20
conversion 20, 98
errors 56
notation 365

debugging 55-56
declarations

global 36-37
initial 36
link 45
local 36-37
procedure 35-36
record 23
static 36-37

default
case clause 13
dialog button 293, 464, 471
parameter value 35, 102
program options 175
table value 28

default 13
delayO 411
delete character 128
deleteO 27, 411
depth 145, 433
descender 132
descent 133, 433
detabO 412
dialog_value 194, 287, 289, 290, 291
dialogs 287-298

colors 204
custom 292-295, 471-472
field order 297
hidden 298
standard 193-196, 287-291
standard versus custom 296

difference 27
directives

conditional compilation 374
define 42, 51, 372
error 374
include 43, 46, 371-372
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line 372
undefine 43, 372-373

display 166, 434, 475
displayheight 173, 434
displaywidth 173, 434
displays 145-146
documentation, about Icon 488, 489
double spacing 133
DrawArcO 84-85, 390, 446
DrawCircleO 81-85, 390, 446
DrawCurveO 85, 89, 391, 446
Drawlmage() 155, 157, 391
drawing 71-72

details 445-448
on interfaces 262
reversible 88, 135, 200, 475

DrawLineO 73, 391, 446
drawop 88, 135, 434, 475
DrawPointO 71, 391
DrawPolygonO 79, 391, 446
DrawRectangleO 61, 77, 78, 391, 446, 448
DrawSegmentO 75, 392
DrawStringO 134, 392
dtorO 23, 412
dx 88, 90, 180, 186, 434, 451
dy 88, 90, 180, 186, 434, 451

E

echo 188,435
echoing, keypresses 188
elements

list 24-26
table 27

empty string 30
end 7, 35
EnqueueO 189, 392
entabO 412
enter key See return key
environment variables 45-46, 481
EraseAreaO 64, 78, 146, 392
errors

compilation 484
conversion 11
data types 56
directed 374
event queue 451
offending value 56
preprocessor 374
run-time 56
stack overflow 101
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standard error output 40
escape sequences 369
even-odd rule 80
event loops 190-191
EventO 66, 184, 189, 393, 451
events 66-67, 183-189

artificial 189, 451
dispatching 190
keyboard 66, 183, 188, 449-450, 474, 476
mouse 66, 183
mouse drag 183
multiple windows 191
polling 189
queues 66, 180, 183, 184­

189, 188, 204, 451
setting keywords 185-189

every-do 15-16, 17, 376
exchange 20
execution 44
exitO 412
expO 23, 412
exponentiation 50
expressions 8-18

compound 10
evaluation 9-18
interactive evaluation 57
success and failure 10-11

F

fail 38, 376
failure 10-11
fg 63, 435
FgO 63, 143, 393
fheight 133, 435
fields, record 23-24
figure orientation 100-101
files 39-42

binary 40
closing 42
dialogs 193-196
opening 40
reading 10, 39-41
redirection 480
standard 40
writing 41

FiIIArcO 85, 393, 447
FiliCircleO 81, 393, 447
FillPolygonO 79-81, 393, 447
FiliRectangleO 64, 77, 78, 394, 447, 448
fillstyle 158, 160, 435, 474
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filtering, of vidget events 217, 239, 466
findO 14, 16, 34, 412
finite state machine 198-199
floating point See real numbers
flushO 413
FontO 131, 394
font 131, 435
fonts 129-133

characteristics 132
families 129, 130
monospaced 129-130, 130
portability 130, 138
proportional 130, 133
sans-serif 130
screen 129
serif 130
size 129
specification 130, 473, 475
standard 130, 473
styles 129
typewriter 130

foreground color 62, 86, 88, 144
fractal stars 91-92, 116
frame, window 67
FreeColorO 146, 394
FfP, Icon 487
functions See procedures
fwidth 133, 436

G

gamma 144, 162, 436, 474, 476
gamma correction 144-145, 162, 474, 476
generators 13-15, 17-18
getO 25, 413
getenvO 413
GetEventsO 255, 394
GIF image format 161, 164, 474
global 36
global variables 36, 305
goal-directed evaluation 16-17
GotoRCO 128, 394
GotoXYO 128, 395
graphicS contexts 167-173

attributes 168
graphics systems 67--68, 473-477
grouping 22, 48
GUI See visual interface builder

H

halftones 148
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height 166, 436
HLS color model 150
HSV color model 143, 150, 291
hue 139-141, 143

I

iandO 413
icode 44, 480
icomO 413
icon (small image) 173
Icon program library 46-47, 388, 489

core modules 47
organization 46-47

Icon Project 488
Icon resources 487-488
iconimage 162, 173, 436
iconlabel 173, 436
iconpos 173, 437
icont 44, 45, 56, 479
identifiers 370
if-then-else 9, 12, 376
imageO 56, 172, 413
image 161, 437
image file formats

BMP 474
GIF 161, 164, 474
XBM 476
XPM 476

images 155-164
bi-Ievel 157
drawing 155-157
in files 161-162, 474, 476

infix operators 48-51
initial 36
input See reading; events
insertO 26, 413
integerO 21, 414
integers 21
intensity See light, intensity of
interaction 183-204

model 217-218
interactive expression evaluation 57
interface builder See VIB
interface design 221, 260
interface tools 208-215 See also the individual

tools; vidgets
choosing 219

interpreter 479
intersection 27
iorO 414
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IPATH 45, 481, 482
ishiftO 414
iteration 15-16
ixorO 414

K

keyO 28, 414
Key_symbols 450
keyboard

events 66, 183, 188, 474, 476
symbols 449

keys, table 27-28
keysyms.icn 449, 476
keywords 19, 423-428

L

L-systems 117-125
label 67, 69, 437
labels 215, 244, 461, 467
leading 133
leading 133, 437
lettO 31, 414
LettStringO 395
lexical comparison 32
libraries 45 See also Icon program library
light, intensity of 144
lightness 139-141, 143
limitation 15, 377
Lindenmayer systems 117-125
line attributes 85-87
line segments 75
line terminators 39, 41, 50, 491
lines 63, 73, 106, 445-446

attributes 85
on interfaces 215, 227-229, 461, 467

linestyle 86, 437, 445, 474
linewidth 63, 85-86, 437, 445-446, 446, 474
link 45
link graphics 59, 388, 481
listO 24, 415
lists 24-26 See also structures

as procedure arguments 37, 75, 101
empty 24
of attributes 69

local 36
local variables 36-37
logO 23, 102, 415
Logo 106
LowerO 167, 395
LPATH 46, 371, 482

M

mailing list, Icon 488
main procedure See procedures, main
manyO 34, 415
mapO 415
matchO 415
mathematical procedures 22
matrices 302
memberO 27, 416
members, set 26
menu bar 223
menus 210-211, 233, 460, 465

callbacks 216
meta key 186, 196, 207
Microsoft Windows 44, 68, 473, 482
mixed-mode arithmetic 22
monitors See displays
Motif Window Manager 68
mouse

button 66, 183
click 183
drag 183
events 66, 183
pointer 66, 192, 474, 477
position 197

moveO 33, 416
MSTKSIZE 102, 482
mutable colors 146-148, 151-153, 474

N

names, predefined 43, 373
NewColorO 146, 395
newline character 128
newsgroup, Icon 488
newsletters, Icon 488
next 12, 376
not 12, 376
NoticeO 193, 287, 297, 395
null character 29
null value 21, 35-36, 36, 39, 41, 99
numericO 416

o
openO 40, 42, 416
OpenDialogO 193, 287, 396
operators 379-386

infix 48-51
prefix 48-51

ordO 417
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origin 60, 88, 180
output See writing; drawing

p

PaletteCharsO 157, 163, 396
PaletteColorO 156, 163, 396
PaletteGraysO 157, 163, 396, 444
PaletteKeyO 156, 397
palettes 155-157, 441-444
parameters 35
parentheses 49, 51
parsing, string 33
Pascal 8-9
PatternO 158, 397
pattern 158, 438
patterns 148, 157-160

built-in 158
sizes 160

PendingO 66, 188, 189, 397, 451
PixelO 174, 397
plants 117-125
pointer

mouse 66, 192, 197, 474, 477
text See cursor

pointer semantics 52-55, 323
pointer 192, 198, 438, 474, 477
pointercol 192, 438
pointerrow 192, 438
pointerx 192, 197, 438
pointery 192, 197, 439
points 71-72
polling 189
polygons 73, 79-81, 102, 446
polymorphism 51
popO 26, 417
portability

colors 145
fonts 138
keyboard events 476
monochrome 148-149

pos 167, 439
posO 417
posx 167, 439
posy 167, 439
precedence 48
predefined names 43, 373
prefix operators 48-51
preprocessing 42-44, 51, 371-374
printing, color images 149
procedures 7, 35, 35-39

arguments 37

as values 38
calling 37-38
invocation 37
libraries 45
linking 45
list invocation 37
main 7, 60, 256, 481
mathematical 22
parameters 35
returns 38-39
standard 387-422
suspension 39
traceback 56
tracing 56

ProcessEventO 255, 258, 397
program

command line arguments 481
structure 7, 59, 254, 268-274
termination 42, 62

program library See Icon program library
prototyping 247, 472
pullO 26, 417
pushO 25, 417
putO 25, 417

Q
qei 57
queues 25-26
quotation marks 30

R

radio buttons 209, 242, 289, 460, 464
callbacks 216

RaiseO 167, 398
random colors 163
random numbers 23, 102
random rectangles 64-66, 92-94, 150
random walk 107
RandomColorO 163
readO 10, 40, 418
ReadlmageO 162, 398, 474, 476
reading

from files 10, 39-41
from window 127, 188
images 162, 474, 476

readsO 418
real numbers 21, 97-98

literals 21
realO 418
record constructor 23
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records 23-24 See also structures
fields 48
trees and graphs 53

rectangles 61, 64, 77, 446, 448
copying 174
negative dimensions 77, 448
random 64-66
selection 198-203

recursive generation 122
regions 214, 231, 262, 461, 467

callbacks 217
removeO 418
renameO 418
repeat 12, 376
repeated alternation 377
replO 31, 418
reserved words 7, 370
resize 68, 184, 439
return 35, 38, 376
return character 128, 491
return key 188
reverse 144, 439
reverseO 31, 419
reversible assignment 17
reversible drawing 88, 135, 200, 475
rewriting system 118
RGB color model 142, 143, 150, 291
rightO 31, 419
RightStringO 398
root vidget 253, 255
rotation 177
round-off 97-98
row 128, 440
rows 128
rows 167, 440
rtodO 23, 419
runerrO 419
running programs 44, 479--485

s
saturation 139-141, 143
SaveDialogO 195, 287, 398
scaling 218
scanning See strings, scanning
scope, variable 36-37
scrollbars 213, 461, 466

callbacks 217
scaling 218

scrolling 127, 176-177
seed, random 102, 426

Index

seekO 419
SelectDialogO 289, 399
selection, for editing 194, 212
semicolons 8, 50
seqO 419
server 192, 475
setO 26, 420
sets 26-27 See also structures
ShadeO 148, 399
shading, three dimensional 151
shift key 186, 197
Sierpinski triangle 71-72
sinO 23, 420
size 60, 166, 440
sliders 212-213, 239, 460, 466

callbacks 217
scaling 218

sortO 28-29, 420
sortf0 420
sorting 28-29
splines, Catmull-Rom 85
sqrtO 23, 420
stack, evaluation 101
stacks 25-26
standard error output 40
standard input 40
standard output 40
stars 74, 80-81, 83-84, 85, 90, 102

fractal 91, 116
statements 8-9
static 36
static variables 36
stopO 41, 421
stringO 421
strings 29-34

as atomic values 29
character positions 31
comparison 32, 383
drawing 134
literals 30, 369
scanning 32-34, 49
subscripting 31
substrings 32

STRS1ZE 482
structures 23-29 See also lists; records; sets;

tables
pointer semantics 52-55

subject window 165, 166
submenus 211, 216, 465
subscripting

list 25
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nonpositive 31-32
string 31
table 27

substrings 32
SubWindowO 180, 399
subwindows 178
success 10-11
suspend-do 39, 376
synchronization 191
syntax 367-370
system() 421

T

tab character 128
tabO 33, 34, 421
tableO 27, 421
tables 27-28 See also structures

default value 28
sorting 28

tanO 23, 421
TDrawO 106, 111, 400
TDrawtoO 106, 400
technical reports, Icon 489
termination dump 56
termination, program 42, 62
text 127-138

cursor 128, 194, 212, 474, 476
files 39
justification 135-138
positioning 128, 134
scrolling 127
width 133

text lists 213--214, 460, 465
callbacks 217

text position 128
text-entry fields 193, 212, 288, 460, 465

aligning 264
callbacks 217
in custom dialogs 297

TextDialogO 287-289, 297, 400
TextWidthO 133, 401
TFaceO 106, 401
TGotoO 106, 110, 112, 401
THeadingO 106, 401
THomeO 402
thumb 212, 217, 466
TlnitO 112
title bar, window 67, 69, 173
TLeftO 106, 402
to-by 17, 384

503

toggle buttons 208, 290, 459, 464
callbacks 216

ToggleDialogO 290, 402
TRACE 482
traceback 56
tracing 56
translation 88-89, 90, 180, 451
transparency 155, 157, 164
transparent GIFs 164
tree (data structure) 53
TResetO 107, 403
TRestoreO 106, 111, 403
TRightO 106, 111, 403
trigonometric procedures 22
trimO 31, 421
TSaveO 106, 111, 403
TScaleO 404
TSkiPO 106, 110, 404
turtle graphics 105-125
TWindowO 404
TXO 106, 404
TYO 106, 404
typeO 19, 422
types See data types

u
ucode 45
uiO 255, 256
uLattsO 256, 262
UncoupleO 172, 405
undeclared identifiers 56
undo facility 322
union 27
UNIX 44, 45, 479 See also X Window System
until-do 12, 377
uptoO 34, 422

V

variables 19
environment 45-46
global 36-37
local 36-37
parameters 35
static 36-37
undeclared 56
untyped 19

VEchoO 405
VGetltemsO 253, 405
VGetStateO 253, 405
VIB 224-252, 457-472
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