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PREFACE

Manual Objectives

The VAX LISP/VMS Graphics Programming Guide describes the VAX LISP/VMS
graphics system. This graphics system provides an interface to, and
is intended for use on, the VAXstation family of workstations.

Intended Audience

This manual is designed for programmers who are already familiar with
VAX LISP and who need to use VAX LISP's programming interface to
VAXstation graphics. You should also be familiar with the wuser
interface to the VAXstation, as described in the MicroVMS Workstation
User’s Guide.

Some sections of this manual require detailed understanding of the
operating system or of VAX LISP's interaction with it. In such
sections, you are directed to the appropriate manual(s) for additional
information.

Structure of This Document

An outline of the organization and chapter content of this manual
follows:

PART I: GUIDE TO GRAPHICS PROGRAMMING
Part I presents the VAX LISP graphics system in tutorial fashion, by
subject area. You may want to read through these chapters once,

initially, and then refer to them afterward as necessary.

e Chapter 1, "Overview," introduces the graphics system and
provides a demonstration of its capabilities.

e Chapter 2, "virtual Displays, Windows, and Transformations,"

explains the mechanisms by which graphic information is stored
and displayed on the screen.

Xi
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e Chapter 3, "Graphic Output Operations," describes the wvarious
operations that display lines and text, as well as ways of
changing the appearance of the output.

e Chapter 4, "Screen Images and Bitmaps," shows how you can read
images from the screen into an array, modify the array, and
write it back to the screen.

e Chapter 5, "Pointer Operations," explains how to wuse the
pointing device (mouse or tablet) as an input device.

e Chapter 6, "Keyboard Input," describes virtual keyboards,
through which keystrokes from the physical keyboard can be
captured by a window.

® Chapter 7, "Window Output Streams," shows how you can perform
text output to a window through a VAX LISP stream.

PART II: GRAPHICS SYSTEM COMPONENTS

Part II contains definitions of the functions, macros, and data types
specific to the VAX LISP graphics system. The descriptions are in
alphabetical order. Each description explains the function’s or
macro’s use and shows its format, applicable arguments, and return
value.

Associated Documents
The following documents are relevant to using VAX LISP graphics:

e The VAX LISP/VMS User’s Guide provides general information
about using VAX LISP, and serves as a guide to
generally-helpful VMS documentation.

e COMMON LISP: The Language provides a definition of the
COMMON LISP language.

e The VAX LISP/VMS System Access Programming Guide describes
how a VAX LISP programmer can use the programming interface
to the VMS operating system. The chapter entitled "Interrupt
Functions" 1is especially im t for wusers of VAX LISP

graphics.
e The VAX LISP/VMS Editor Programming Guide explains how to

extend the capabilities of the VAX LISP Editor and includes
information on workstation-specific Editor functionality.

Xii
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Conventions Used in This Document

The following conventions are used in this manual:

Convention

()

UPPERCASE

lowercase
italics

{}

{ }*

&OPTIONAL

Meaning

Parentheses used in examples of LISP code indicate the
beginning and end of a LISP form. For example:

(SETQ NAME LISP)

DCL commands and qualifiers, and defined LISP
functions, macros, variables, and constants are printed
in uppercase characters; however, you can enter them in
uppercase, lowercase, or a combination of uppercase and
lowercase characters.

Lowercase italics in function and macro descriptions
and in text indicate arguments that you supply;
however, you can enter them in lowercase, uppercase, Or
a combination of lowercase and uppercase characters.

In LISP examples, a horizontal ellipsis indicates code
not pertinent to the example and not shown.

A vertical ellipsis indicates that all the information
that the system would display in response to the
particular function call is not shown; or, that all the
information a user is to enter is not shown.

In function and macro format specifications, braces
enclose elements that are considered to be one unit of
code. For example:

{ keyword value}
In function and macro format specifications, braces
followed by an asterisk enclose elements that are
considered to be one wunit of code, which can be
repeated zero or more times. For example:

{keyword value}*
In function and macro format specifications, the word
&OPTIONAL indicates that the arguments after it are

defined to be optional. For example:

UIS:SET-BUTTON-ACTION display window action
&OPTIONAL x1 yl1 x2 y2

Do not specify &OPTIONAL when you invoke a function or
macro whose definition includes &OPTIONAL.

xiii



Convention

&KEY

<RET>

CTRL/x

PREFACE

Meaning

In function and macro format specifications, the word
&KEY indicates that keyword argquments are accepted.
For example:

UIS:MOVE-VEIWPORT window
&KEY :GENERAL-PLACEMENT :CENTER
¢:ABSOLUTE-POSITION-X
:ABSOLUTE-POSITION-Y

Do not specify &KEY when you invoke the function or
macro whose definition includes &KEY.

A symbol with a 1- to 3-character abbreviation
indicates that you press a key on the terminal. For
example:

<RET> or <ESC>
In examples, carriage returns are implied at the end of
each 1line. However, the <RET> symbol is used in some
examples to emphasize carriage returns.
CTRL/x indicates a control key sequence where you must
hold down the key labeled CTRL while you press another
key. For example:

CTRL/C or CTRL/Y

xiv
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CHAPTER 1
SYSTEM OVERVIEW

This chapter provides an overview of the VAX LISP/VMS graphics system.
After a brief introduction to the system, the major sections of the
chapter demonstrate how the parts of the system operate and relate to
each other. This demonstration is given by means of a continuing
example that you can reproduce on your VAXstation. You can start with
the examples in Section 1.2, then continue through the remainder of
the chapter, using the display and window objects you created.

1.1 INTRODUCTION
The VAX LISP/VMS graphics system is a collection of functions and
other objects that provide an interface to the bitmap graphics
capability of the VAXstation II family of workstations. You can use
this system to do the following from LISP code:

e Create a virtual display that can collect graphic information

e Create one or more windows into the virtual display in order
to make the graphic information appear on the screen

e Draw lines and text in the virtual display

e Respond to the movement of a pointing device, such as a mouse,
and to pointer buttons

e Get input from windows by means of virtual keyboards

e Use standard LISP output functions to send output to windows
through window output streams

These capabilities are available only when you are working on a
VAXstation supported by VAX LISP/VMS, such as the VAXstation II. They
are not supported on the VT100 or VT2xx families of terminals.
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1.1.1  Relationship to MicroVMS Workstation Graphics Software

The VAX LISP/VMS graphics system is based on Version 2.0 of the
workstation graphics software provided with MicroVMS. Most of the
functions in the VAX LISP/VMS graphics system are directly equivalent
to routines provided with Version 2.0 of the MicrovMS workstation
graphics software. This equivalence 1is noted in the function
descriptions in Part II of this manual.

VAX LISP/VMS has added a number of features to the basic MicroVMS
workstation graphics software. These features are intended to make
graphics easy to use in LISP code and to provide some higher-level
capabilities. VAX LISP/VMS provides the following:

@ LISP object types: DISPLAY, WINDOW, TRANSFORMATION, and
KEYBOARD

e Window output streams, allowing text output to windows using
normal LISP I,/0 functions

e A facility for operating on bitmaps, using the BITBLT function
and BITBLT objects

The MicroVMS workstation graphics software is described in the
MicroVMS Workstation Graphics Programming Guide. It may occasionally
be useful to refer to this manual for more detail on a subject.
However, the VAX LISP/VMS Graphics Programming Guide gives a complete
description and definition of the LISP graphics system, wusing LISP
examples to demonstrate the software.

1.1.2 Programming Considerations

With the exception of the BITBLT-related objects, all objects
described in this manual are located in a package called UIS. You can
gain access to these objects in one of two ways:

e Preface the name of each object with the package specifier
UIS:

(UIS:PLOT ...)

@ Use the USE-PACKAGE function to make the objects available to
you without the preface:

(USE-PACKAGE "UIS")
(PLOT...)

Although the second method is more convenient, DIGITAL recommends the

first method in order to avoid real and potential conflicts with other
symbols. This is particularly true if you are writing a program that

1-2
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uses both the graphics system and the VAX LISP Editor, since some
symbol names appear in both packages.

In this chapter, all examples use the explicit preface UIS with
graphics system objects. In the remaining chapters, the preface is
not used in the interest of readability. The object descriptions in
Part II use the explicit preface to show which package the object is
in.

1.2 VIRTUAL DISPLAYS AND WINDOWS

The fundamental unit in which graphic information 1is collected and
displayed 1is the wvirtual display. Each wvirtual display has the
following characteristics:

@ It has a coordinate system, called the world coordinate
system, which is appropriate for the graphic information to be
written to it.

@ It has a width and height that determine the size of its
windows on the screen.

@ It can collect graphic information by means of 1its display
list.

@ It has a number of attributes, <collected in one or more
attribute blocks, that determine how its graphical information
appears on the screen.

1.2.1 Creating a Virtual Display

You create a virtual display object by means of the CREATE-DISPLAY
function. This function creates and returns a display having the
coordinate system, width, and height that you request.

If you would like to follow along with the examples in this chapter,
create a virtual display now by means of the following forms:

(SETF *DEMO-DISPLAY*
(UIS:CREATE-DISPLAY
-10.0 -10.0 ; Lower left corner coordinates
10.0 10.0 ; Upper right corner coordinates
15.0 15.0)) ; Default viewport size in cm

(UIS:ENABLE-DISPLAY-LIST *DEMO-DISPLAY¥*)
You now have an object named *DEMO-DISPLAY* whose value is a virtual
display. The virtual display has been made capable of recording
graphic information by means of the ENABLE-DISPLAY-LIST function.

1-3
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However, nothing has appeared on your screen yet. A virtual display
by itself does not display anything; you must create windows into the
display to make that happen.

You have given your virtual display a coordinate system defined by two

points at opposite corners of a square. The points have the
coordinates -10.0,-10.0 and 10.0,10.0. This square establishes the
display’s world coordinate system. You have also established a

default width and height of 15 centimeters for the display.

1.2.2 Creating Windows
Now, create a window into the virtual display:

(SETF *DEMO-WINDOW-1*
(UIS:CREATE-WINDOW *DEMO-DISPLAY*))

A window appears on your screen. It resembles a VT100 terminal
emulator window, except that it is square and has no title or keyboard
icon. The area inside the border is 15 centimeters square. This
window maps into the entire virtual display; that is, it completely
fills the coordinate system that you specified when you created the
display.

Now create a second window, one that maps into only a portion of the
display:

(SETF *DEMO-WINDOW-2%*
(UIS:CREATE-WINDOW
*DEMO-DISPLAY* ; Display to map into
0.0 0.0 10.0 10.0)) ; Corners of rectangle in display

A second window appears; note that its sides are only half the length
of the first window’s sides. The four optional arguments specify two
points, 0.0,0.0 and 10.0,10.0, that define the rectangle into which
this window maps. These points specify the upper-right quadrant of
the virtual display. To make this relationship apparent, draw two
lines and a circle in the display, as follows:

(UIS:PLOT *DEMO-DISPLAY* 0 -8.0 -8.0 8.0 8.0)
(UIS:PLOT *DEMO-DISPLAY* 0 8.0 -8.0 -8.0 8.0)
(UIS:CIRCLE *DEMO-DISPLAY* 0 0.0 0.0 5.0)

The two windows now look like this:
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You can see that the smaller window reproduces the wupper-right
quadrant of the larger window. You could create other windows into

other parts of the display.

1.2.3 Windows and Viewports

Both windows you have created so far depend on the default width and
height of 15 centimeters that you specified when you created the
virtual display. *DEMO-WINDOW-1*, which maps into the entire display,
is 15 centimeters square; *DEMO-WINDOW-2*, which maps into one-quarter
of the display, is 7.5 centimeters square. You can also specify the

dimensions explicitly when you create the window, overriding the
default dimensions. Create a third window:

(SETF *DEMO-WINDOW-3*
(UIS:CREATE-WINDOW
*DEMO-DISPLAY*

NIL NIL NIL NIL ; Coordinate arguments
«VIEWPORT-WIDTH 20.0 ; Width in centimeters
:VIEWPORT-HEIGHT 10.0)) ; Height in centimeters

1-5
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(Note that the four optional coordinate arguments to CREATE-WINDOW are
now given as NIL. This requests that the window be mapped to the
entire virtual display. COMMON LISP requires that you supply all
optional arguments before any keyword-argument pairs you wish to use.)

This window looks like this:

 RESERAES
iz
12

You have created a window that maps into the entire virtual display
but does not use the default dimensions of the display. As a result,
the picture is distorted: stretched lengthwise, compressed in height.

This exercise brings up an important distinction, that between the
window and the viewport. The window 1is a rectangle in a virtual
display. The viewport is the corresponding rectangle on the screen.
Anything that is drawn in the virtual display in the area covered by
the window appears in that window’s viewport. However, wunless the
window and viewport have the same aspect ratio (that is, the ratio of
height to width), the contents of the viewport will be distorted.
This is the case with *DEMO-WINDOW-3*,

Figure 1-1 illustrates the relationship among wvirtual displays,
windows, and viewports.

1-6
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LINE DRAWN IN

VIRTUAL DISPLAY
10.0,10.0

——
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VIRTUAL DISPLAY’S
WORLD-COORDINATE SPACE

Figure 1-1: Virtual Displays, Windows, and Viewports

When you create a window, you also create its associated viewport.
You always refer to a viewport by means of its window. Some functions
affect windows and other functions affect viewports; both types of
functions take window objects as arguments.

You can create a window that maps into a small part of a virtual
display and an associated viewport that is relatively large. This has
the effect of magnifying the image in the window. For example:

(SETF *DEMO-WINDOW-4*
(UIS:CREATE-WINDOW
*DEMO-DISPLAY*
2.0 2.0 5.0 5.0 ; Small window in display
:VIEWPORT-WIDTH 10.0 ; Large viewport on screen
:VIEWPORT-HEIGHT 10.0))

The new window looks like this:
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This image is "magnified" only in relation to the images in the other
windows. It is important to realize that the world coordinate system
of the wvirtual display does not 1imply any particular physical
coordinate system. It is only the default size you specified when you
created the virtual display that implies a physical size, and this
default can be overridden when you create a window.

Separating the world coordinates of the wvirtual display from the
physical size of the window allows you to set up a world coordinate
system that is convenient for the data you are presenting. For
example, to graph production of something between 1980 and 1988, you
could create this virtual display:

(UIS:CREATE-DISPLAY 1978.0 -100.0 1988.0 1000.0 30.0 15.0)

This display would allow you to plot raw data without first having to
transform it to some physical coordinate system. (The extra space on
the left and bottom edges is for labels.) The last two arguments
specify the default size of a window mapped into this display in
centimeters.

This concludes the demonstration portion of Section 1.2. If you wish
to stop here, delete the virtual display and its associated windows as
follows:

(UIS:DELETE-DISPLAY *DEMO-DISPLAY¥*)
Otherwise, leave the display and *DEMO-WINDOW-1* in place and continue
with the demonstrations in Section 1.3. You can get rid of the other
windows with the DELETE-WINDOW function:

(UIS:DELETE-WINDOW *DEMO-WINDOW-2%*)
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1.2.4 Other Operations

In addition to what you have seen in this section, you can manipulate
displays, windows, and viewports in the following ways:

e Keyword arguments to CREATE-WINDOW allow you to control the
appearance and location of a viewport.

e You can move a window around in a virtual display, and change
the size of the window, with the MOVE-WINDOW function.

e You can move a viewport around the screen with the
MOVE-VIEWPORT function. The POP-VIEWPORT and PUSH-VIEWPORT
functions allow you to arrange viewports in front of or behind
one another.

e You can establish an action to be taken if the wuser of your
program attempts to delete, resize, or move a window.

e You can create a transformation into a wvirtual display. A
transformation allows you to superimpose a second coordinate
system on a virtual display.

All of these subjects are covered in Chapter 2 of this manual.

1.3 GRAPHICS OPERATIONS

Once you have created a virtual display and one or more associated
windows, you wuse various line-drawing and text-writing functions to
create images on the screen. These functions are directed into the
virtual display, and the virtual display "remembers" what has been
done by means of its display list. An image appears on the screen
when 1its position in the virtual display falls under one or more of
the windows that are mapped into the display.

You can create and manipulate screen images in several ways. This
section introduces two: line-drawing functions and text-writing
functions. The section also introduces the wuse of attributes and
attribute blocks to modify the appearance of screen images.

The demonstrations in this section assume the existence of the virtual
display *DEMO-DISPLAY*, created in Section 1.2, and its associated
window *DEMO-WINDOW-1%*. If you wish to try the examples in this
section, create these objects if they do not already exist.
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1.3.1 Drawing Lines and Circles

The PLOT function draws a point, a line, or a series of connected
lines. You have already seen how PLOT can draw a single line:

(UIS:PLOT *DEMO-DISPLAY* 0 -8.0 -8.0 8.0 8.0)

The first argument to PLOT is the virtual display. This argument
directs the output of PLOT to a particular display and causes the rest
of its arguments to be used in the context of that display.

The second argument to PLOT is the attribute block. It is discussed
later in this section.

The remaining arguments to PLOT are coordinate pairs that define
points in the virtual display. In the example, the first point is at
-8.0,-8.0; the second at 8.0,8.0. In this case, PLOT draws a line
between those two points. If only one point had been supplied, PLOT
would draw just that point.

If more than two points are supplied, PLOT draws connected lines
between the points. Try the following:

(UIS:PLOT *DEMO-DISPLAY* 0
-4.0 -4.0
4.0 -4.0
4.0 4.0
-4.0 4.0)
-4.0 -4.0)

This function call plots a complete square.

Note that the coordinates are specified as pairs of floating-point
numbers. Coordinates in a virtual display’s world coordinate system
are always floating-point numbers.

You have also seen how to draw a circle:
(UIS:CIRCLE *DEMO-DISPLAY* 0 0.0 0.0 5.0)

As with PLOT (and all other drawing and text functions that operate in
virtual displays), the first two arguments are the display and
attribute block. The next two arguments specify the coordinates of
the center of the circle, 0.0,0.0 in this case. The final argument
specifies the radius of the circle in the units of the display’s world
coordinate system.

You can also draw an arc with CIRCLE by using two optional arguments
to specify the beginning and end of the arc. Try the following:
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(UIS:CIRCLE *DEMO-DISPLAY* 0
0.0 0.0 7.0
(/ PI 2) PI)
This draws an arc consisting of a quarter-circle, as shown here:

W T T T T

Figure 1-2 illustrates the relationship of CIRCLE’s various arguments
to the circle that is drawn.

The ELLIPSE function draws an ellipse. 1Its operation and arguments

are analogous to CIRCLE, except that it has two radius arguments --
one each for the horizontal and vertical axes.

1.3.2 Writing Text

The TEXT function writes a specified string of text into the wvirtual
display. Try the following:

(UIS:TEXT *DEMO-DISPLAY* 0 "This is text" 0.0 0.0)
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(UIS:CIRCLE *DEMO-DISPLAY* 0

1:\\\\ 0.0 0.0 ; CENTER
- -§7.0 ; RADIUS
(/ PI 2) PI) ; START AND END RADIANS
0

2

31/y
MLO-191-86

Figure 1-2: Drawing a Circle

The string of text appears at the middle of the virtual display.

The first two arguments are again the virtual display and attribute
block. The third argument is the text string to be displayed; it can
be any LISP character string.

The last two arguments are coordinates for the point in the wvirtual
display at which the text should start. However, these two arguments
are optional. There is a default starting position for text, which is
where the 1last text operation left off. To illustrate this, try the
following:

(UIS:TEXT *DEMO-DISPLAY* 0 "More text")

The new text string appears right at the end of the previous one:

NS

is 1is textMore text

AN

The NEW-TEXT-LINE function returns the text position to the 1left
margin for text operations, and moves it down by the height of a line
of text. Thus, NEW-TEXT-LINE is analogous to the carriage return on a
typewriter. Try these functions:

(UIS:NEW-TEXT-LINE *DEMO-DISPLAY* 0)
(UIS:TEXT *DEMO-DISPLAY* 0 "New line of text")
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Note that the new line of text appears at the left edge of the window.
This is the default 1left margin. You can change this margin by
modifying an attribute block, as described in the next section.

1.3.3 Using Attributes

Each of the functions in this section has taken an attribute block as
its second argument. Until this point, the attribute block argument
has been 0. Almost all functions that can produce something visible
require an attribute block argument. An attribute block is a
collection of attributes, each of which specifies the appearance of
one aspect of window output. Attributes control the following
characteristics, among others:

e The appearance of lines: solid, dotted, dashed, and so on

e The way in which arcs are treated: not closed, closed with a
chord, or made into a pie segment

e Whether or not line figures are filled, and if so, what they
are filled with

e The font in which text is written, and the 1left margin for
text operations

Every function that requires an attribute block uses the values of
some attributes from the specified block to influence the appearance
of the output. No single function uses all the attributes in a block.
Drawing functions wuse some attributes and text functions use others,
while some attributes are common to both drawing and text.

Attribute block 0 contains a collection of default attribute values
that are appropriate for many operations. To use a different value
for an attribute, you must first modify an attribute block so that it
has the appropriate value for that attribute. You then supply the
modified attribute block as an argument to the drawing or text
function.

To modify an attribute block, use the SET-ATTRIBUTE function. This
function takes an attribute block and copies its values to an
attribute block, changing the value of one attribute in the process.
The following example modifies attribute block 1 so that it causes
lines to be drawn dashed instead of solid. Try modifying this
attribute block, and then draw a line using it:

(UIS:SET-ATTRIBUTE *DEMO-DISPLAY* 0 1 :LINE-STYLE :DASHED)
(UIS:PLOT *DEMO-DISPLAY* 1 -5.0 0.0 5.0 0.0)
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The PLOT function call draws a dashed horizontal line:

T f/*%;{;i‘;gé;-;haa e text
of tedt yd

The SET-ATTRIBUTE function call in the example copies values from
attribute block 0 to attribute block 1. The only difference between
attribute blocks 0 and 1 is the value of the :LINE-STYLE attribute,
which is now :DASHED instead of :SOLID.

Note that the SET-ATTRIBUTE function requires a virtual display
argument. This 1is because attribute blocks are associated with
virtual displays. Each virtual display has 256 attribute blocks
associated with it. Attribute block 0 is the same for all virtual
displays, but attribute block 1 may be different from one display to
the next.

You can use SET-ATTRIBUTE to change one value in an attribute block
that has already been modified, simply by specifying the same
attribute block for input and output. The following example further
modifies attribute block 1:

(UIS:SET-ATTRIBUTE *DEMO-DISPLAY* 1 1 :ARC-TYPE :CHORD)

Now, in addition to specifying a dashed line style, attribute block 1
indicates that arcs should be closed by drawing a line between their
endpoints.

You can modify any attribute block except attribute block 0.
Attribute block 0 can only be read.

One frequently-changed attribute is the font in which text is written.
A font consists of a collection of printing characters in a particular
type style and size. Fonts are contained in a directory with the
logical name SYSSFONT; each file in this directory represents a single
font.

For a. detailed discussion of attributes, see Section 3.3. The
discussions of various graphic operations in Chapter 3 contain
information on individual attributes.
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1.3.4 Other Operations

In addition to what you have seen in this section, the following
graphic operations are available to you:

e The PLOT-ARRAY function plots lines wusing entries from two
vectors as the X and Y coordinates of each point.

e A number of functions allow you to measure strings of text in
a specified font and to precisely position text on the screen.

e The READ-IMAGE-PIXEL and IMAGE functions store a screen image
in memory and write an image from memory to a virtual display,
respectively. The BITBLT family of functions and objects
perform various operations on screen images stored in memory.

e The ERASE function removes graphic objects from a virtual
display.

® The BEGIN-SEGMENT and END-SEGMENT functions allow the wuse of
temporary attribute blocks over specified groups of graphic
operations.

e Device coordinate counterparts to most of the graphic
functions allow you to operate at the pixel level, offering
potential gains in speed and accuracy.

All of these subjects are treated in greater detail in Chapters 3 and

1.4 POINTER OPERATIONS

Workstations supported by the VAX LISP graphics system come equipped
with a pointing device, typically a mouse. The pointing device serves
two functions: it directs a pointer cursor around the screen, and it
has one or more buttons that allow you to make requests of the
workstation. Working together, the pointer and its buttons allow you
to select items from menus, move windows around the screen, and so on.

A number of functions allow your programs to make use of the pointing
device in various ways. You can:

e Determine the position of the pointer cursor in the coordinate
system of a virtual display

@ Move the pointer cursor around the screen wunder program
control

e Determine the state of the pointing device buttons
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@ Specify a function to be invoked when the pointer cursor moves
within or exits a specified area of a display

e Specify a function to be invoked when a button on the pointing
device is pressed or released

For information and examples on pointer operations, see Chapter 5.

1.5 KEYBOARD INPUT FROM WINDOWS

You can capture keystrokes directed at a particular window by means of
a virtual keyboard. A virtual keyboard is a virtual input device that

you create with the CREATE-KB function. Various functions let you
associate a virtual keyboard with one or more windows. When the user,
or your program, makes a particular wvirtual keyboard active,

keystrokes at the physical keyboard are transmitted through the
virtual keyboard to your progran. Your program can use these
keystrokes in one of two ways:

e Synchronously, by means of the READ-KB-CHAR function. This
function returns each character from a particular virtual
keyboard in turn.

e Asynchronously, by means of the SET-KB-ACTION function. This
function establishes an action, such as an interrupt function,
to execute each time a character is typed through a particular
virtual keyboard.

Chapter 6 describes the use of virtual keyboards.

1.6 WINDOW OUTPUT STREAMS
You can establish an output stream to a window. Output sent to that
stream by any of the standard COMMON LISP output functions appears in
the window. This facility includes the following features:

e Choice of horizontal text wrapping or truncation

@ Choice of vertical text scrolling or wrapping

@ Control over the part of the window in which text appears

@ Control over the size and style of text

Chapter 7 describes window output streams.
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CHAPTER 2
VIRTUAL DISPLAYS, WINDOWS, AND TRANSFORMATIONS

This chapter describes the various objects and concepts involved in
the display of graphic information on a workstation screen. The
actual graphic operations are described in Chapter 3; this chapter

defines

the framework within which those operations occur. You need

an understanding of the material presented in this chapter before you
can use the information in subsequent chapters.

This chapter consists of the following:

An overview of how graphic information appears on the screen

A description of the coordinate systems to which you have
access

A description of virtual displays, which accept and store
graphic information

A description of windows and viewports, which allow graphic
information stored in virtual displays to appear on the screen

A description of transformations, which allow you to
superimpose alternate coordinate systems on a virtual display

If you are completely unfamiliar with these topics, you may wish to
read Section 1.2, which provides an elementary introduction to them.

2.1 HOW AND WHEN GRAPHIC INFORMATION IS DISPLAYED

In order to display graphic information on the workstation screen, you
must do three things:

1.

2.

Create a virtual display.

Create a window into the virtual display.
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3. Draw lines or write text into the virtual display, within the
area covered by the window.

The virtual display is the fundamental unit of the VAX LISP graphics

system. It is a two-dimensional space that can store graphic
information. All graphic operations are performed with respect to
some virtual display. Thus the first step in any graphics program

must be to create at least one virtual display.

When you create a window, you define a rectangle in the wvirtual
display and a corresponding rectangle (the viewport) on the screen.
Anything in the virtual display that falls within the bounds of the
window rectangle appears in the viewport. You can create many windows
of various sizes that map into the same virtual display. Windows can
overlap one another.

When you use a function that draws a line or writes text, you cause
that information to be stored in the virtual display. (This assumes
that the virtual display’s display 1list has been enabled -- see
Section 3.1. The display list is disabled by default.) Conceptually,
that information 1is stored at a certain location in the
two-dimensional space of the display. If a window happens to include
that location, the information will also appear on the screen. If a
window 1is later created that includes that location, the information
will appear in the associated viewport. 1If two windows include that
location, the information will appear in both corresponding viewports.

Figure 2-1 shows how graphic information is displayed.

2.2 COORDINATE SYSTEMS

The VAX LISP graphics system employs three coordinate systems for
three different purposes:

e World coordinates specify locations in a virtual display
® Device coordinates specify locations in a viewport
e Screen coordinates specify locations on the display screen

Each of these coordinate systems 1is a two-dimensional Cartesian
system. In a Cartesian coordinate system, the location of a point is
expressed as a pair of numbers. The first number in the pair, the X
value, specifies the horizontal displacement of the point from an
origin point. The second number, the Y value, specifies the wvertical
displacement. The coordinates of the origin are expressed as 0.0,0.0
(for world and screen coordinates) or 0,0 (for device coordinates).
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VIRTUAL DISPLAY SCREEN
- (SETF DISPLAY (CREATE-DISPLAY
0.0 0.0
10.0,10.0 10.0 10.0
f ______________ v 5.0 5.0))
]
E E (ENABLE-DISPLAY-LIST DISPLAY)
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STEP 1: CREATE A VIRTUAL DISPLAY
(SETF WINDOW (CREATE-WINDOW
a8 W DISPLAY))
10.0,10.0
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] 1
] ]
1 ]
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) ]
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1 ]
] ]
] 1)
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e e o o o o oo e o o e e o _ —
0.0,0.0
\ _/

STEP 2: CREATE A WINDOW

(PLOT DISPLAY 0
0.0 2.0 10.0 8.0)

10.0,10.0
......... CEEEEE| I

STEP 3: DRAW IN THE DISPLAY MLO-192-86

Figure 2-1: Displaying Information on the Screen
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2.2.1 World Coordinates

Each virtual display that you create has its own world coordinate
system. The characteristics of a world coordinate system are the
following:

e You can set up a world coordinate system so that it is
appropriate for the data you are trying to present.

e The world coordinate system establishes bounds outside of
which your data points should not fall.

® You specify world coordinate values as pairs of floating-point
numbers.

Conceptually, a wvirtual display’s world coordinate system 1is a
two-dimensional space in which points are specified by pairs of
floating-point coordinates. When you create a virtual display, you
specify a rectangle in the world coordinate space that you intend to
contain all of your graphic information. You select the bounds of
this rectangle to be appropriate for the data you wish to display.

For example, suppose you wish to graph chemical activity, measured by
the amount of gas released in cubic centimeters per second, against
temperature measured in degrees Celsius. The amount of gas ranges
from 10 to 100 cubic centimeters per second, while the temperature
ranges from 30 to 80 degrees. When you create your virtual display,
you specify a rectangle as shown in Figure 2-2.

80.0,100.0 (SETF TEMP-GRAPH (CREATE-DISPLAY

I? -------------------------------------- -: 30.0 10.0
: : 80.0 100.0
! ! 27.0 15.0))
1 ]

] ]

1 1

] 1

1 ]

] [}

] [}

] ]

] 1

] 1

1 1

] 1

] ]

] ]

] ]

] 1

) ]

] ]

L e e e e e e e e J

30.0,10.0 WORLD-COORDINATE SPACE

BOUNDS OF WORLD—COORDINATE SPACE
------------ DEFAULT WINDOW MLO-193-86

Figure 2-2: Example of a World Coordinate System

The rectangle indicates where a default window will be located in the
virtual display and how large it will appear on the screen. You may
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also request that graphic information lying outside the rectangle be
made invisible, or clipped.

Every virtual display has its own world coordinate space. Thus,
graphic information written in one virtual display can never appear in
another virtual display, even though both virtual displays may map the
same portion of their world coordinate spaces to the screen.

2.2.2 Device Coordinates

A display device, such as a display screen or a laser printer, forms
an image by selectively activating thousands of tiny points in a grid.
These points are called picture elements, or pixels for short. Figure
2-3 shows how individual pixels make up an image. When the pixels are
small enough, the human eye blends them into a smooth form.

|

MLO-194-86

Figure 2-3: Making an Image from Pixels

The VAX LISP graphics system provides direct access to the display’s
pixels through the device coordinate system. Each viewport displayed
on the screen has its = own device coordinate system. A
device-coordinate pair specifies the location of a pixel in a
particular viewport. A function that gives location information in
the device coordinate system draws directly into the viewport, not
into a virtual display. Figure 2-4 illustrates this.

The origin of the device coordinate system is always at the lower left
corner of the viewport. The upper bounds of the system for a given
viewport are determined by the number of pixels in the viewport’'s
horizontal and vertical dimensions. Points that 1lie outside the
bounds of the system are never displayed.

Since pixels are indivisible wunits, device coordinates are always
expressed as integers.
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150,150

(PLOT-PIXEL
WINDOW-1 0

100,120 30 25

100 120)

0,0 150,0 MLO-195-86

Figure 2-4: The Device Coordinate System

All functions that draw lines or write text into a wvirtual display
have counterparts that operate in a viewport. These functions have
the suffix "-PIXEL" added to their names. They have the following
characteristics:

e They take a window as their first argument instead of a
virtual display. The output occurs in the viewport associated
with the window.

e They take device-coordinate location arguments (integers)
instead of world-coordinate arguments (floating-point
numbers).

e They do not store graphic information in a virtual display.
e They can be faster than their world-coordinate counterparts.

In some situations, it is appropriate to use device coordinates
instead of world coordinates. Chapter 3 covers this subject in
detail.

Since device coordinates specify pixel locations, the size and shape
of an image specified in the device coordinate system depends on the
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