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FOREWORD

OBJECTIVE This guide describes the features and opera-
tion of the Graphics Environment
Manager..(GEM..) Virtual Device Interface
(VDI), the successor to the Digital
Research. .Graphics System Extension (GSX..).
You can write graphics applications using GEM
VDI capabilities.

AUDIENCE This guide is intended for microcomputer ap-
plication programmers with operating system
and graphics programming experience.

ORGANIZATION This guide contains nine sections, nine ap-
pendixes, a glossary, and an index. The
detachable reference card at the end of this
guide l1lists the GEM VDI functions by opcode
number and gives their respective C binding

procedure names. It also lists the section
of this guide in which each function is dis-
cussed.

Section 1 introduces GEM VDI. It describes
the GEM VDI architecture, including the
Graphics Device Operating System (GDOS) and
the device drivers.

Section 2 describes GEM VDI operating proce-
dures and how to integrate application
programs with GEM VDI.

Section 3 describes the control functions,
which initialize the graphics workstation
and set defaults for wuse with the applica-
tion.

Section 4 describes the output functions,
which cause graphics primitives to be dis-
played on a graphics output device (a screen
or plotter, for example).

Section 5 describes the attribute functions,
which determine qualities of all subsequent
output primitives, such as color and style.

Section 6 describes the raster functions,
which perform 1logic operations on raster
areas (rectangular blocks of bits in memory
or pixels on physical devices).

iii
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Section 7 describes the input functions,
which allow the user to interact with the ap-
plication program.

Section 8 describes the inquire functions,
which return the current settings for
device-specific attributes, such as the num-
ber of text styles supported.

Section 9 describes the escape functions,
which allow the application program to ac-
cess special device capabilities.

Appendix A lists and describes the GEM VDI
error messages.

Appendix B explains the ASSIGN.SYS file con-
tents, which include information the GDOS
uses to identify the output device.

Appendix C lists and describes the GEM VDI
metafile format.

Appendix D defines the GEM VDI standard
keyboard.

Appendix E describes the mapping of GEM VDI
to specific operating systems and the calling
procedures needed to perform that mapping.
Appendix F includes the system fonts.
Appendix G describes the font file format.

Appendix H describes the reserved metafile
sub-opcodes.

Appendix I describes the bit image file for-
mat.

iv
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. Section 1
( OVERVIEW

INTRODUCTION The GEM VDI provides a device-independent en-
vironment in which you can write graphics
applications. This section describes GEM VDI
and its architecture. Subsequent sections
describe writing an application and all the
GEM VDI functions.

FEATURES The following features of GEM VDI make it
possible for you to write graphics ap-
plications that run under several microcom-
puter operating systems:

o GEM VDI provides a common graphics program-
ming interface that is compatible with the
most widely used operating systems, thus
making it easy to port many programs.

o GEM VDI provides a device-independent
software interface for your application
. programs. You do not need to rewrite ap-
q~ plications for use with different output
e devices such as screens, printers, and
plotters. GEM VDI handles device dif-
ferences and makes it possible for you to
send information to the devices through
the application program as if the devices
were the same. GEM VDI handles graphics
requests and supplies the right driver to
run the specific device.

ENHANCEMENTS GEM VDI includes enhancements to GSX
functions and now includes the following
capabilities:

o raster functions--functions that affect
raster areas, which are rectangular blocks
of pixels on physical devices or rectan-
gular blocks of bits in memory

o faces--letter styles stored in dynamically
loadable files
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ARCHITECTURE

GEM VD1 provides graphics primitives for im-

plementing graphics applications with
reduced programming effort. Application
programs interface +to GEM VDI through a
standard calling sequence. Drivers for

specific graphics devices translate the
standard GEM VDI calls to the unique charac-
teristics of each device. 1In this way, GEM
VDI provides device independence.

GEM VDI is composed of two components:

o Graphics Device Operating System (GDOS)
o device drivers and face files

The GDOS contains the device-independent
graphics functions, while the device drivers
and face files contain the device-dependent
code.

GEM VDI is designed in this way to make the
principal parts of the GDOS +transportable to
different hardware configurations. This
design also allows applications to run in-
dependently of the specific devices con-
nected to the system.

Graphics

Device Operating

System

(GDOS)

The Graphics Device Operating System (GDOS)
contains the basic host and device-
independent graphics functions that can be
called by your application program. GDOS
provides a standard graphics interface that
is constant regardless of specific devices
or host hardware, just as the disk operating
system standardizes disk interfaces. Your
application program accesses the GDOS in
much the same way that it accesses the
operating system.

The GDOS performs coordinate scaling so that
your application can specify points in a
normalized space. It uses device-specific
information to transform (map) the coor-
dinates into the corresponding values for a
particular graphics device.

An application can also specify points in
raster coordinate space, in which case no
transformation occurs.
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GEM VDI Programmer's Guide Architecture

Graphics The graphics device drivers are similar to

Device Drivers any I/0 system. They contain the device-
specific code required to interface your
particular graphics devices to the GDOS. The
device drivers communicate directly with the
graphics devices. GEM VDI requires a unique
device driver for each graphics device in a
system.

A single program can use several Jraphics
devices; the GDOS loads only the appropriate
device driver file into memory. By referring
to devices with a device identification num-
ber, an application program can send graphics
information to any one of several memory-
resident device drivers.

The device driver outputs the GEM VDI
graphics primitives according to the in-
herent capabilities of a particular graphics

device. In some cases, a device driver
emulates standard capabilities not provided
by the graphics device hardware. For ex-

ample, some devices require that dashed lines
be simulated by a series of short vectors
generated in the device driver.

The GEM VDI package contains drivers for many
of the most popular microcomputer-related
graphics devices.

DEVICE TYPES You can write a GEM VDI-based graphics ap-
plication for a variety of devices including
screens, plotters, printers, and special
cameras. :

Metafiles A metafile is the stored generic form of a

picture file. Any application can create a
GEM VDI metafile that can 1later be called
into another graphics application. The
metafile driver stores a description of a
picture in a data file. These files can
later be sent to any device or used to ex-
change a picture between two applications.

1-3
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GEM VDI Programmer's Guide Device Types

When GEM VDI creates a metafile, it provides
the ideal device. Raster Coordinate (RC)
and Normalized Device Coordinate (NDC) space
are the same (0 to 32767). No transform is
applied. Refer to "Transforming Points"
later in this section for more information on
the coordinate spaces.

Refer to Appendix C for information about the
file format for metafiles.

Multiple The application program specifies the
Workstations graphics function to be performed by a
device driver with an operation code (opcode)
in the control array. "Opcodes" in Section

2 describes the opcodes.

Because multiple workstations can be open at
the same time, each GEM VDI function must be
provided with a unique reference to the
desired device. This identification is
referred to as the device handle.

Device Handles The GDOS assigns the device handle when the
Open Workstation function is called by the
application program. The Open Workstation
call returns the device handle in the array
element contrl(6). All subsequent GEM VDI
calls need to supply the device handle as an
input in element contrl(6).

ASSIGN.SYS The ASSIGN.SYS file is a text file, and can
be created or edited using any text editor.
The file lists the device driver filenames
and face filenames, their device numbers, and
device-specific information. The device num-
bers are assigned according to their type.
Refer to Table 1-1 for device numbers.
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Table 1-1. Device Identification Numbers

Device Type Device Number
Screen 1-10
Plotter 11-20
Printer 21-30
Metafile 31-40
Camera 41-50
Tablet 51-60
APPLICATION With appropriate calls to the GDOS, you can
PROGRAMS write application programs in assembly lan-

guage or in a high-level language that sup-
ports the GEM VDI calling conventions. You
can compile or assemble and link programs
containing GEM VDI calls in the normal man-
ner. Refer to Section 2 for more informa-
tion about writing graphics application

programs.
VIRTUAL DEVICE This guide contains the specification of the
INTERFACE GEM Virtual Device Interface (VDI) and

defines how applications interface to GEM
VDI. The GEM VDI specifies the calling se-
quence to access device driver functions as
well as the necessary calling parameters.
Refer to Appendix E for the main entry into
the VDI for your operating system.

The main entry point into the VDI is a single
subroutine with five arguments, in the form
of five arrays:

control array

array of input parameters

array of input point coordinates
array of output parameters

array of output point coordinates

00000
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Virtual Device Interface

All array elements are of +type INTEGER (2
bytes). All arrays are =zero-based; that is,
the double-word address of the Parameter
Block (PB) points to the first element of
the control array, contrl(0). The content of
the input and output parameter arrays
depends on the opcode. Refer to Section 2
for more information about writing graphics
applications.

TRANSFORMING
POINTS

All computer graphics are displayed using a
coordinate system. GEM VDI makes sure the
coordinate system of one device matches the
coordinate system of another. For example,
with GEM vDI, the application program
produces the same graphics image on a printer
as on a screen. The linetypes and £fill
styles are the same in Normalized Device
Coordinates (NDC), which are described below.
Character sizes are different. The same
number of characters are displayed per line,
but a printer's 1line length is generally
greater than a screen's.

Transformation
Mode

The application program can address the
display surface using one of two coordinate
systems:

o Normalized Device Coordinates (NDC)
o Raster Coordinates (RC)

The transformation mode, specified at Open
Workstation, determines which coordinate sys-
tem is used.

Normalized Device
Coordinates

Normalized Device Coordinates (NDC) address
the graphics display independent of the
device coordinate size. These units are then
mapped to Raster Coordinates by the GDOS.
The transformation mode set at Open Worksta-
tion determines whether the GDOS maps from
NDC units to the Raster Coordinates.
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( The full scale of NDC space (0-32767) is

- mapped to the full dimensions of the device
on both axes. On a nonsquare display with
square pixels, a different scale factor is
applied to each axis with this transformation
mode.

NDC space has its origin at the 1lower left
corner, and its (xmax,ymax) point at the up-
per right corner. This space is in the first
quadrant of the Cartesian coordinate system.

When transforming from NDC to Raster Coor-
dinates (RC), the GDOS assumes a raster
coordinate at the bottom 1left edge of a
pixel. You should compensate for a boundary
condition created at the +top edge of NDC
space. '

This problem is best illustrated with an ex-
ample. Given the display of Figure 1-1 in
Transformation Mode o, the NDC point
(32767,32767) maps to the point (0,200) in
RCs. But because pixels are addressed at
their 1lower 1left corner, the NDC point
(32766,32766) maps to the point (1,199) in
o RCs. The application programmer should cor-
q;" rect for this boundary error by adding half
- of the NDC height and width into the coor-
dinate transform to ensure that any roundoff
error in the application-world-to-NDC trans-
form does not cause the wrong pixel to be
addressed.

Raster Coordinates Raster Coordinates (RC) are actual device
units (for example, rasters for screens or
steps for plotters and printers). Unlike
NDCs, RCs have their origin at the upper
left corner, and the (xmax,ymax) point at the
bottom right pixel of the space. Refer to
Figure 1-1 for an illustration of this con-
cept.

No transformation occurs when the RC system
is in effect. The application needs to ad-
just its transform based on the aspect ratio
of pixels on the screen. The raster coor-
dinate system saves the overhead of the GDOS
having to perform a transformation on every
point.
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Figure 1-1.

Transformation Modes

End of Section 1
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Section 2

WRITING A GRAPHICS APPLICATION

INTRODUCTION

This section explains how to use GEM VDI in
your graphics applications.

GEM VDI
DISTRIBUTION
FILES

When you receive your GEM VDI distribution
disks, first duplicate them and then store
them in a safe place. Then, using the dupli-
cate disks, transfer the GEM VDI files to
working system disks. Always use the dupli-
cate disks to generate any new copies of GEM
VDI. Do not wuse the distribution disks for
routine operations.

WRITING THE
PROGRAM

You can write your graphics application in
one of two ways:

o using assembly language

o using high-level language bindings (C lan-
guage bindings are provided.)

The first method addresses functions by their
opcode numbers, the second by procedure name.
The C Language bindings provided for each
function allow for portability across im-
plementations. In the C bindings, which ap-
pear with each function in sections 3 through
9, WORD declares a 1l6-bit integer type; BYTE
declares an 8-bit integer type.

The following figure is produced by the
sample C language dgraphics application in
Listing 2-1 that follows the figure. Listing
2-2 is a sample assembly language graphics
program.
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Figure 2-1. Output from the Sample Program

Listing 2-1. Sample Program

2-2 -
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Listing 2-2.

Listing 2-1. (continued)

Sample Assembly Language Application
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Listing 2-2.

2-4

(continued)
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Listing 2-2.

(continued)
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Writing the Program

Listing 2-2.

2-6

(continued)
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Writing the Program

Listing 2-2.

(continued)
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Listing 2-2.

(continued)
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Listing 2-2. (continued)

GEM VDI Functions The functions are grouped by type, output,
and so on. Each device type requires cer-
tain functions, lists of which follow.

Opcodes Opcodes are numbers assigned to each GEM VDI
function. The device drivers recognize all
opcodes, whether or not they produce any
action. If an opcode is out of range, the
driver performs no action.

@”* Required Functions Screens require the following functions and
for Screens subfunctions:
Opcode Definition
1 Open workstation
2 Close workstation
3 Clear workstation
4 Update workstation
5 Escape
id Definition
1 Inquire addressable character
cells
2 Exit alpha mode
3 Enter alpha mode
4 Cursor up
5 Cursor down
6 Cursor right
7 Cursor left
8 Home cursor
9 Erase to end of screen
10 Erase to end of line
11 Direct cursor address

{08
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12 Output cursor addressable text

15 Inquire current alpha cursor
address

18 Place graphic cursor

19 Remove last graphic cursor

Polyline

Polymarker

Text

Filled area

Generalized Drawing Primitive (GDP)

id Definition

Bar

Arc

Pie

Circle

Ellipse

Elliptical Arc
Elliptical Pie

Rounded rectangle

Filled rounded rectangle
Justified graphics text

o}
OCWVWOIOUIBWN K=

Set character height absolute mode
Set color representation

Set polyline linetype

Set polyline color index

Set polymarker type

Set polymarker color inde

Set text face .

Set text color index

Set fill interior style

Set £fill style index

Set £ill color index

Inquire color representation

Input locator

Input string

Set writing mode

Set input mode

Inquire current polyline attributes
Inquire current polymarker
attributes

Inquire current fill area attributes
Inquire current graphic text
attributes

Set graphic text alignment

Open virtual screen workstation
Close virtual screen workstation
Extended inquire function

2-10
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104
106
107

108
109
110
111
112
113
114
115
116
117
118
121
122
123
124
125
126
127
128
129
130
131

Set fill perimeter visibility
Set graphic text special effects
Set character cell height, points
mode

Set polyline and styles

Copy raster, opaque

Transform form

Set mouse form

Set user-defined fill pattern
Set user-defined linestyle

Fill rectangle

Inquire input mode

Inquire text extent

Inquire character cell width
Exchange timer interrupt vector
Copy raster, transparent

Show cursor

Hide cursor

Sample mouse button state
Exchange button change vector
Exchange mouse movement vector
Exchange cursor change vector
Sample keyboard state information
Set clipping rectangle

Inquire face name and index
Inquire current face information

Required Functions Printers require the following functions and

for Printers subfunctions:

Opcode Definition
1 Open workstation
2 Close workstation
3 Clear workstation
4 Update workstation
5 Escape

id Definition

1 Inquire addressable character
cells
20 Form advance
21 Output window
22 Clear display 1list
23 Output bit image file

N
|

11
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Polyline

Polymarker

Text

Filled area

Generalized Drawing Primitive (GDP)

id’ Definition

Bar

Arc

Pie

Circle

Ellipse

Elliptical Arc
Elliptical Pie

Rounded rectangle

Filled rounded rectangle
Justified graphics text

=
COVEONOUIRWNK

Set character height absolute mode
Set polyline linetype

Set polyline color index

Set polymarker type

Set polymarker color index

Set text face

Set text color index

Set fill interior style

Set fill style index

Set fill color index

Inquire color representation

Set writing mode

Inquire current polyline attributes
Inquire current polymarker
attributes

Inquire current fill area attributes
Inquire current graphic text
attributes

Set graphic text alignment
Extended inquire function

Set fill perimeter visibility

Set graphic text special effects
Set character height points mode
Set polyline end styles

Exchange fill pattern

Inquire text extent

Inquire character cell width

Set clipping

Inquire face name and index
Inquire current face information

2-12
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Required Functions Plotters require the following functions and
for Plotters subfunctions:

Opcode Definition

Open workstation
Close workstation
Clear workstation
Update workstation
Escape

kW

id Definition

1 Inquire addressable character

cells
6 Polyline
7 Polymarker
8 Text
9 Filled area
11 Generalized Drawing Primitive (GDP)
id Definition
o 1 Bar
(;‘ 2 Arc
~ 3 Pie
4 Circle
5 Ellipse
6 Elliptical arc
7 Elliptical pie
8 Rounded rectangle
9 Filled rounded rectangle
10 Justified graphics text
12 Set character height absolute mode
15 Set polyline linetype
17 Set polyline color index
18 Set polymarker type
20 Set polymarker color index
21 Set text face
22 Set text color index
23 Set £fill interior style
24 Set fill style index
25 Set fill color index
35 Inquire current polyline attributes
36 Inquire current polymarker
attributes
37 Inquire current fill area attributes
38 Inquire current graphic text
attributes :
. 2-13

K07



GEM VDI Programmer's Guide Writing the Program

39 Set graphic text alignment

102 Extended inquire function

104 Set fill perimeter visibility
107 Set character height points mode
108 Set polyline end styles

116 Inquire text extent

117 Inquire character cell width

124 Set clipping

130 Inquire face name and index

131 Inquire current face information

Required Functions Because metafiles are transportable to any .

for Metafiles device, the required functions are all those
common to any device you may use. Metafiles
support some inquiries by returning the op-
code number. Refer to Appendix C for the
metafile format of those supported inquires.

Metafiles require the following functions and
subfunctions:

Opcode Definition

Open workstation
Close workstation
Clear workstation
Update workstation
Escape

GbhWNRE

id Definition

1 Inquire addressable character
cells
2 Exit alpha mode
3 Enter alpha mode
20 Form advance
21 Output window
22 Clear display list
23 Output bit image file
98 Update metafile extents
99 Write metafile item
100 Change GEM VDI filename

Polyline

Polymarker

Text

Filled area

Generalized Drawing Primitive (GDP)

OO

2-14

RO



GEM VDI Programmer's Guide Writing the Program

id Definition
1 Bar
2 Arc
3 Pie
4 Circle
5 Ellipse
6 Elliptical arc
7 Elliptical pie
8 Rounded rectangle
9 Filled rounded rectangle
10 Justified graphics text
12 Set character height absolute mode
13 Set character baseline vector
14 Set color representation
15 Set polyline linetype
16 Set polyline line width
17 Set polyline color index
18 Set polymarker type
19 Set polymarker height
20 Set polymarker color index
21 Set text face
22 Set text color index
23 Set fill interior style
24 Set fill style index
25 Set £fill color index
26 Inquire color representation
32 Set writing mode
35 Inquire current polyline attrlbutes
36 Inquire current polymarker
attributes
37 Inquire current fill area attributes
38 Inquire current graphic text
attributes
39 Set graphic text alignment
102 Extended inquire function
103 Contour fill
104 Set fill perimeter visibility
106 Set graphic text special effects

107 Set character height points mode
108 Set polyline end styles
112 Set £fill pattern

113 Set user-defined line style pattern

114 Fill rectangle

117 Inquire character cell width

129 Set clipping rectangle

131 Inquire current face information
2-15
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Available You can determine if a function is available
Opcodes in a specific driver in one of the following
ways:

o Check the information about available
features returned from the Open Worksta-
tion function or the Extended Inquire func-
tion.

o Check the selected value returned from an
opcode against the requested value. If the
two values are not the same, then either
the function is not available or the re-
quested value is not available, and GEM VDI
selected a best fit wvalue.

Format The following is the format for the
parameters for all GEM VDI functions.

Input Parameters contrl(0) - Opcode number for the GEM e

VDI function.

contrl(1l) - Number of vertices in the
ptsin array.
Each vertex consists of an
X,y coordinate pair, so the
length of the ptsin array
is twice the number of
specified vertices

contrl(3) -- Length of integer array in-
tin.

contrl(5) - Subfunction identification
number for a Generalized
Drawing Primitive (GDP) or
Escape.

contrl(6) - Device handle.

contrl(7-n) =-- Opcode-dependent informa-
tion.

intin - Array of integer input
parameters.

ptsin -- Array of input point coor-

dinate data.

2-16
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Output Parameters

Refer to the Extended
Inquire function in Section
8 for information on how to
determine the maximum size
for the ptsin array.

contrl(2) - Number of wvertices in the
ptsout array.

Each vertex consists of an
X,y coordinate pair, so the
length of the ptsout array
is twice the number of
specified vertices.

contrl(4) -- Length of integer array in-
tout.

contrl(6) - Device handle.

contrl(7-n) -- Opcode-dependent informa-
tion.

intout - Array of integer output
point parameters.

ptsout -- Array of output point coor-

dinate data.

CALLING
CONVENTIONS

Because both input and output coordinates
may be converted by the GDOS, the calling
routine must ensure that the vertex count,
contrl(l), is set correctly. Contrl(l) must
be set to 0 if no x,y coordinates are being
passed to GEM VDI by the application program.
In addition, the input integer count, con-
trl(3), must always be set. The calling
routine must set contrl(3) to O if no in-
tegers are being passed to GEM VDI.
Similarly, contrl(2), the output vertex
count, and contrl(4), the output integer
count, are always set correctly by GEM VDI.
These values contain zeros if no information
is being passed back in ptsout and intout,
respectively.

The double-word addresses of the five
parameter arrays are stored in a ten-word
data structure referred to as a Parameter
Block (PB).
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Calling Conventions

Registers and
Interrupts

Refer to Appendix E for the specific
registers and interrupts - for various
operating systems.

Table 2-1. Parameter Block Contents

Address Contents

PB control array (contrl)

PB + 4 input parameter array (intin)
PB + 8 input point coordinate

array (ptsin)
PB + 12 output parameter array (intout)

PB + 16 output point coordinate
array (ptsout)

RUNNING GRAPHICS
APPLICATIONS
UNDER GEM VDI

To use the graphics features provided by
GEM VDI, you must ensure that the following
conditions are met:

1.

Your application program must conform to
the GEM VDI calling convention to access
graphics primitives. This process invol-
ves the application making a call to the
GDOS and using the interrupt for your

operating system. Refer to Appendix E for

the specific interrupts. .

The parameter list provides information
to GEM VDI and returns information to the
calling program. The details of
parameter passing are in the previous sec-
tion.

Enough stack space must be available for
GEM VDI operations. This space includes
a buffer area for transforming points
passed to GEM VDI and some fixed overhead
space. The formula to determine the re-
quired stack space 1is discussed under
"Determining Memory Requirements" later in
this section.

2-18
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3. When your program is executed, the re-
quired device drivers must be present on
the disk specified in the GEM VDI
graphics-mode command, or in the current
default drive if no drive is specified.
The ASSIGN.SYS file must contain the
names of your device drivers and a device
ID number for each device driver. Refer
to "ASSIGN.SYS" in Section 1 for informa-
tion about creating an ASSIGN.SYS file.

4. After successfully compiling or assembling
and linking your application program, you
can run it 1like any program, once GEM VDI

is active. You can enable GEM VDI
graphics with +the GEMVDI graphics-mode
command, described under "Enabling

Graphics" below.

ENABLING GRAPHICS

Special commands 1let you enable graphics
functions from the command level of the
operating system.

To load GEM VDI and start a non-GEM applica-
tion that uses the VDI (like a test program
or debugger), type the following command:

GEMVDI /FILENAME

To load GEM VDI and start a GEM application,
type the following command:

GEMVDI FILENAME

To load GEM VDI and start the GEM Desktop..
application, type the following command:

GEMVDI

Each command 1loads GDOS and any drivers
declared resident in the ASSIGN.SYS file.
ASSIGN.SYS and the driver files must be
located in one of the directories in the
current search path.
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Any application to be invoked by a GEMVDI
command must also be 1located in the search
path. ~

DISABLING GRAPHICS

When the application invoked by the GEMVDI
command terminates, GEM VDI relinquishes all
system memory space, leaving the maximum
memory for nongraphics programs.

DETERMINING MEMORY
REQUIREMENTS

To determine the amount of stack space
required to run a given application, make the
following calculation:

Open workstation call = approximately 128
bytes

All other calls = ptsin size + 128 bytes +
the overhead requirements
of the operating system

Ptsin is the point array passed to the device
driver from the application program (two
words for each point).

The stack requirement is the larger of the
two resulting values. This stack space must
be available in the application program stack
area.

GEM VDI requires less than 30 kilobytes in
memory for a single open driver. This space
is allocated when vyou enter the GEM VDI
graphics-mode command.

DEBUGGING GRAPHICS
APPLICATIONS
UNDER GEM VDI

Graphics programs can be debugged with a
debugging tool. The default device drivers
and GDOS are 1loaded after you enter the
GEMVDI command. Your graphics application

2-20
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program is loaded in the normal manner for
programs on your operating system.

End of Section 2
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Section 3
CONTROL FUNCTIONS

INTRODUCTION

The control functions initialize the graphics
workstation and set defaults for use with the
application.

OPEN WORKSTATION

The Open Workstation function 1loads a
graphics device driver for +the application
program and returns a device handle. The
device is initialized with the parameters in
the input array. Information about the
device is returned; additional device-
specific information is returned in the
Extended Inguire function.

If the device is a screen, it is initialized
to graphics mode. GEM VDI clears the display
surface.

If the device cannot be opened, GEM VDI
returns a zero as the device handle in con-
trl1(6). Any nonzero value in contrl(6) in-
dicates a successful operation.

Input

contrl(0) -- Opcode = 1.

contrl(l) -- Number of input vertices = 0.

contrl(3) -- Length of intin array = 11.

intin - Initial defaults (for example,
linestyle, color, character
size).

intin(0) -- Device id number.

This value determines which
device driver to dynamically
load in memory.

- Fill style index.
- Fill color index.

intin(l) -- Linetype.
intin(2) -- Polyline color index.
intin(3) -- Marker type.
intin(4) -- Polymarker color index.
intin(5) -- Text face.
intin(6) -- Text color index.
intin(7) -~ Fill interior style.

8)

9)

¥ ¥ 4
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intin(10)

NDC to RC transformation flag.
0

Map the full NDC space to
the full RC space.
Reserved.

Use the RC system.

1
2

Output

contrl(2)
contrl(4)
contrl(6)

intout(0)

intout(1l)

intout(2)

intout(3)

intout(4)

intout(5)

intout(6)

~intout(7)

Number of output vertices = 6.
Length of intout array = 45.
Device handle for this device.

Maximum addressable width of
screen or plotter in rasters
or steps, assuming a O start
point (for example, a resolu-
tion of 640 implies an ad-
dressable area of 0-639, so
intout(0)=639).

Maximum addressable height of
screen or plotter in rasters
or steps, assuming a O start
point (for example, a resolu-
tion of 480 implies an ad-
dressable area of 0-479, so
intout(1)=479).

Device Coordinate units flag.

0 = Device capable of
producing precisely
scaled image (typically
a plotter or a printer).

1 = Device not capable of
producing precisely
scaled image (typically a
film recorder).

Width of one pixel (plotter
step, or aspect ratio for
screen) in microns. '
Height of one pixel (plotter
step, or aspect ratio for
screen) in microns.

Number of character heights.

0 = Continuous scaling.

Number of linetypes.
Number of line widths.

0 = Continuous scaling.
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intout(8)
intout(9)

intout(10)

intout(1l1l)
intout(12)
intout(13)

intout(14)

intout(15)
intout(24)

intout(25)
intout(34)

intout(35)

to

Number of marker types.
Number of marker sizes.

0 = Continuous scaling.

Number of faces supported

by device (not the highest
numbered face index).

Number of patterns.

Number of hatch styles.

Number of predefined colors (2
for monochrome devices).

This is the number of colors
that can be displayed on the
device simultaneously.

Number of Generalized Drawing
Primitives (GDPs).
Linear list of the first ten
supported GDPs.

The number indicates which
GDP is supported. A -1 in-
dicates the end of the list of
supported GDPs. GEM VDI
defines ten GDPs.

-- Bar
-- Arc
-- Pie slice
-- Circle
- Ellipse
-- Elliptical arc
-- Elliptical pie
-- Rounded rectangle
-- Filled rounded rectangle
0 -- Justified graphics text

HOONOUIWNE
|
|

Linear 1list of attribute set
associated with each GDP.

0 -- Polyline

1 -- Polymarker
2 -- Text

3 =-- Fill area
4 -- None

Color capability flag.
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intout(36)

intout(37)

intout(38)

intout(39)

intout(40)

intout(41)

intout(42)

intout(43)

0 -- No

1l -- Yes

Text rotation capability flag.

0 -- No

1 -- Yes

Fill area capability flag.

0 -- No

1l -- Yes

Cell array operation

capability flag.

0 -- No

1l -- Yes

Number of available colors

(total number of colors in

color palette).

0 =-- Continuous device
(more than 32767 colors)

2 -- Monochrome (black and
white)

>2 == Number of colors avail-
able

Number of 1locator devices

available.

1 -- Keyboard only

2 -- Devices with keyboard and

other input

Number of valuator devices

available.

1 -- Keyboard

2 -- If another valuator
device is available

Number of choice devices
available.

1 -- Function keys on keyboard
2 -- If another button pad is

available

Number of string devices
available.

2.l
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intout(44) --

ptsout(0) -~
ptsout(l) --

ptsout(2) --
ptsout(3) --

ptsout(4) --

ptsout(5) --
ptsout(6) --

ptsout(7)
ptsout(8) --

ptsout(9) --

1 -- Keyboard

Workstation type.

0 -- Output only

1 -- Input only

2 -- Input/output

3 -- Reserved

4 -- Metafile output

Minimum character width.
Minimum character height in
the y-axis in the current
coordinate system.

The minimum and maximum

character heights are the ac-
tual character body (baseline
to top 1line), not the charac-
ter extent box, which may in-
clude extra space used for in-
terline or intercharacter
spacing.

Maximum character width.
Maximum character height in
the y-axis in the current
coordinate system.

Minimum line width in the x-
axis in current coordinate
system.

The minimum line width is a
nominal device-dependent size.
If the minimum line width used
is 1 device unit, the line may
not be visible on some high-
resolution devices.

0.

Maximum line width in the x-
axis in the current coordinate
system.

0.

Minimum marker width in x-axis
in the current coordinate sys-
tem.

Minimum marker height in x-
axis in the current coordinate
system.
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ptsout(10) --

ptsout(11)

Maximum marker width in x-axis
in the current coordinate sys-
tem.

Maximum marker height in x-
axis in the current coordinate
system.

Default Color

The default color table is set up differently

Tables - for monochrome and color devices.
Table 3-1. Monochrome Screens
Index Color
0 White
1 Black
Table 3-2. Monochrome Printer/Plotters
Index Color
0 White
1 Black
Table 3-3. Color Screens
Index Color
0 White
1 Black
2 Red
3 Green
4 Blue
5 Cyan
6 Yellow
7 Magenta
8 White
9 Black
10 Light Red
11 Light Green
12 Light Blue
13 Light Cyan
14 Light Yellow
15 Light Magenta
16-n Device-dependent
3-6
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Other default values set by the driver during
initialization are listed in Table 3-4.

Table 3-4.

Attribute
Character height
Character baseline
rotation
Text alignment
Text style
Line width
Marker height
Polyline end styles
Writing mode

Input mode

Fill area perimeter
visibility

User-defined line
style

User-defined £f£ill
pattern

Cursor

Clipping

Default Values
Default Value

Nominal character

height

0 degrees rotation

Left baseline

Normal intensity

Nominal line width

Nominal marker height

Squared

Replace

Request for all input

classes (locator,

valuator, choice,
string)

Visible

Solid

Solid
Hidden

Disabled
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C BINDING

Procedure Name

Data Types

Input Arguments

Output Arguments

v_opnwk( work_ in, &handle, work out )

WORD v_opnwk ( );
WORD work in[11l];
WORD handle;

WORD work out[57];

intin[0]
intin[1]

work in[0]
work _in[1]

mou

work_in[10] = intin[10]

handle = contrl[6]
work out[0] = intout[O]

work out[1] intout[1]

work_out[44] = intout[44]

work_out[45] = ptsout[0]

work out[56] = ptsout[11]
3-8
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CLOSE WORKSTATION The Close Workstation function terminates the
graphics device properly (returning you to
alpha mode) and prevents any further output

to the device. If the device is a screen,
the alpha device 1is selected, and the
graphics device is deselected. If the

device is a printer, an update occurs if one
has not just taken place. For a metafile,
GEM VDI flushes the buffer and closes the
metafile.

Note: Close your open virtual workstations
before closing the workstation.

Input contrli(0) -- Opcode = 2

) .

contrl(l) -- Number of input vertices = 0.
contrl(3) -- Length of intin array = O.
contrl(6) -- Device handle.

Output ' contrl(2) -- Length of output vertices = O.
contrl(4) -- Length of intout array = O.

C BINDING

Procedure Name v_clswk( handle )

Data Types WORD v _clswk ( );

WORD handle;

Input Arguments handle = contrl[6]

3-9
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OPEN VIRTUAL This function allows a single physical screen
SCREEN WORKSTATION to act as nmultiple workstations. Each
workstation has access to the entire screen.

However, attribute environments for each
workstation are maintained separately. For
example, the workstation may have different
transformation modes, clipping rectangles,
and so on.

Note: Not all input devices associated with
the virtual workstation will work.

The input to the Open Virtual Screen Worksta-
tion function is the device handle of a cur-
rently open physical screen workstation and
an environment initialization array (see
"Open Workstation"). If the wvirtual screen
workstation can be opened, a new device
handle is returned for the virtual worksta-
tion. The device capabilities arrays for the
physical screen workstations are returned as
they are for the Open Workstation function.
If +the virtual screen workstation cannot be
opened, a zero is returned as the device
handle to indicate an unsuccessful request.

Input contri(0) -- Opcode = 100.
contrli(l) -- Number of input vertices = O.
contrl(3) =-- Length of intin = 11.
contrl(6) -- Device handle of a previously
opened screen device.

intin - For a description of the intin
parameters required in the in-
tin array see Open Worksta-
tion (Opcode 1).
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Open Virtual Screen Workstation

Output

contrl(2) --
contrl(4) --
contrl(6) --

Warning:

Note:

Number of output vertices = 6.
Length of intout = 45.

The device handle for the Vir-
tual Screen Device just

opened.

Contrl(6) is an input/output
parameter. The value is
changed to that of the Virtual
Screen Workstation device
handle.

All output parameters are the
same as those of Open Worksta-
tion (Opcode 1).

C BINDING

Procedure Name

Data Types

Input Arguments

Output Arguments

v_opnvwk( work in, &handle, work out )

WORD
WORD
WORD
WORD

handle;

v_opnvwk( );

work in[1l1l];
work out[57];

handle = contrl[6]

work in[0] = intin[O]

work_in[10] = intin[10]

work out[0] = intout[O0]

work out[44] = intout[44]

work out[45] = ptsout[O0]

work out[56] = ptsout[11]
3-11
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Close Virtual Screen Workstation

CLOSE VIRTUAL

The Close Virtual Screen Workstation function

SCREEN WORKSTATION terminates the virtual device and prevents
any further output to it.

Input contri(0) -- Opcode = 101.
contrl(l) -- Number of input vertices = O.
contrl(3) -- Length of intin = O.
contrl(6) -- Device handle.

Output contrl(2) -- Number of output vertices = O.
contrl(4) -- Length of intout = O.

C BINDING

Procedure Name

Data Types

Input Arguments

v_clsvwk( handle )

WORD v_clsvwk( )’
WORD handle;

handle = contrl[6]

&7
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CLEAR WORKSTATION The Clear Workstation function erases the
screen. GEM VDI sets the screen to the cur-
rently selected background color, which is
defined as color index zero. If the device
is a plotter without paper advance, GEM VDI
prompts the operator to load a new page. If
the device is a printer, data in the buffer
is erased and a new page occurs. For a
metafile, GEM VDI outputs the opcode. No
output occurs for any device.

Note: With GEM VDI, you do not need to do a
Clear Workstation after an Open Workstation
because the display is <cleared at Open
Workstation.

Input contrl(0) -- Opcode = 3.
contrl(l) -- Number of input vertices = 0.
contrl(3) -- Length of intin = O.
contrl(6) -- Device handle.

Output contrl(2) -- Number of output vertices = O.
contrl(4) =-- Length of intout = O.

C BINDING

Procedure Name v_clrwk( handle )

Data Types WORD v clrwk ( );

WORD handle;

Input Arguments handle = contrl[6]
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UPDATE WORKSTATION

The Update Workstation function causes all
pending graphics commands to be executed im-
mediately, in the order the commands were
stored in the buffer. For printer drivers,
you must use this function to start output to
the printer. This function has no effect on
screens. Plotters execute all the commands
in the buffer. When the plotter buffer is
empty, it returns from the Update Workstation
function. For a metafile, GEM VDI outputs
the opcode.

Note: The picture is drawn to the printer
but no new page occurs. A Clear Workstation
causes a new page.

Input contrli(0) -- Opcode = 4.
contrl(l) -- Number of input vertices = O.
contrl(3) -- Length of intin = 0.
contrl(6) -- Device handle.

Output contrl(2) -- Number in output vertices = O.
contrl(4) -- Length of intout = O.

C BINDING

Procedure Name

Data Types

Input Arguments

v_updwk( handle )

WORD v_updwk ( );
WORD handle;

handle = contrl[6]

3-14

23/



GEM VDI Programmer's Guide Load Fonts

LOAD FONTS This function loads the fonts associated with
a particular driver in the ASSIGN.SYS file.
It then makes them available to the ap-
propriate program.
GEM VDI returns the number of newly generated
font identifiers. If the fonts were already
available to the workstation, no action oc-
curs, and GEM VDI returns a zero for the
number of additional font identifiers.
Note: You do not need to invoke this func-
tion if the default system fonts for a par-
ticular driver are sufficient.

Input contrl(0) -- Opcode = 119.
contrl(l) -- Number of input vertices = O.
contrl(3) -- Length of intin array = 1.
contrl(6) -- Device handle.
intin(0) -- Reserved for future use = 0.

Output contrl(2) -- Number of output vertices = 0.
contrl(4) -- Length of oytput array = 1.
intout(0) -- Number of additional font iden-

tifiers.
C BINDING

Procedure Name

Data Types

Input Arguments

Output Arguments

additional = vst_load fonts( handle, select )

WORD vst_load_fonts( )
WORD additional;

WORD handle;

WORD select;

handle
select

contrl[6]
intin[0]

additional = intout[O0]

3-15
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UNLOAD FONTS

This function logically dissociates the ex-
ternal fonts 1loaded by the Load Fonts func-
tion from a device and unloads them from
memory, 1if possible. A device handle 1is
passed into +the function identifying the
device whose external fonts are to be un-
loaded.

If the fonts are being shared by other vir-
tual workstations with the same root device
handle, the fonts are not unloaded from
memory until one of the following conditions
is met:

o all workstations that share the fonts are
closed

o all workstations that share the external
fonts request that the external fonts be
unloaded

The default system fonts for the workstation
remain loaded and available.

Input contrl(0) -- Opcode = 120.
contrl(l) -- Number of input vertices = 0.
contrl(3) -- Length of intin array = 1.
contrl(6) -- Device handle.
intin(0) -- Reserved for future use.
Output contrl(2) -- Number of output vertices = 0.
contrl(4) -- Length of intout array = O.
3-16
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Unload Fonts

C BINDING

Procedure Name

Data Types

Input Arguments

vst_unload fonts( handle,

WORD vst unload fonts( );

WORD handle;
WORD select:;

handle
select

contrl[6]
intin[0]

3-17
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Set Clipping Rectangle

SET CLIPPING

This function enables or disables clipping of

RECTANGLE all output primitives by GEM VDI. Intin(0)
is a flag, which if nonzero, enables clip-
ping. The ptsin array contains the rec-
tangle, specified in the current coordinate
system, to clip to. If intin(0) is zero,
clipping is turned off. The default at Open
Worksttion is for clipping to be disabled.
Input contrl(0) -- Opcode = 129.
contrl(l) -- Number of input vertices = 2.
contrl(3) -- Length of intin array = 1.
contrl(6) -- Device handle.
intin(0) -- Clipping flag.
0 = Turn clipping off.
non-zero = Turn clipping on.

ptsin(0) -- =x-coordinate of corner of the
clipping rectangle in NDC/RC
units.

ptsin(l) -- y-coordinate of corner of the
clipping rectangle in NDC/RC
units.

ptsin(2) -- =x-coordinate of corner diagon-
ally across from the corner
selected in ptsin(0) of the
clipping rectangle in NDC/RC
units.

ptsin(3) -- vy-coordinate of corner diagon-

ally across from the corner
selected in ptsin(l) of the
clipping rectangle in NDC/RC
units.

3-18
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C BINDING

Procedure Name
Data Types

Input Arguments

vs_clip( handle, clip flag, pxyarray )
WORD vs_clip():;

WORD handle;

WORD clip flag:;

WORD pxyarrayl[4]:;

handle = contrl[6]
clip flag = intin[O0]

pxyarray[0] = ptsin[O]
pxyarray[l] = ptsin[1l]
pxyarray[2] = ptsin[2]
pxyarray[3] = ptsin[3]

End of Section 3
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Section 4
OUTPUT FUNCTIONS

INTRODUCTION The output functions display graphics
primitives (polyline or circle, for example)
on devices.

POLYLINE This function displays a polyline on the
graphics device. The starting point for the
polyline is the first point in the input ar-
ray. Lines are drawn between subsequent
points in the array. GEM VDI displays a zero
length 1line (degenerate case) as a point.
GEM VDI will not display a single coordinate
pair. Lines are drawn using the following
current line attributes:

color

linetype

line width

end style

current writing mode

00000

For wide lines, the first point (ptsin(0),
ptsin(l)) is drawn as shown in Figure 4-1.

Figure 4-1. First Point for Wide Lines

37



GEM VDI Programmer's Guide Polyline

Input contrl(0) -- Opcode = 6.

contrl(l) -- Number of vertices (x,y pairs)
in polyline = n.
(Maximum number is returned in
Extended Inquire.)

contrl(3) -- Length of intin array = O.

contrl(6) -- Device handle.

ptsin -— Array of coordinates of
polyline in NDC/RC units.

ptsin(0) -- x-coordinate of first point in
NDC/RC units. ,

ptsin(l) -- y-coordinate of first point in
NDC/RC units.

ptsin(2) -- x-coordinate of second point
in NDC/RC units.

ptsin(3) -- y-coordinate of second point
in NDC/RC units.

ptsin(2n-2) -- x-coordinate of last point in
NDC/RC units.

ptsin(2n-1) -- y-coordinate of last point in
NDC/RC units.

Output contrl(2) =-- Number of output vertices = O.
contrl(4) -- Length of intout array = O.
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Polyline

C BINDING

Procedure Name

Data Types

Input Arguments

v_pline( handle, count, pxyarray

WORD v_pline ( );

WORD handle;

WORD count;

WORD pxyarray[2 * count]:;

handle = contrl[6]
count = contrl[1l]
pxyarray[O] ptsin[0]
pxyarray[1l] ptsin[1]

péyarray[zn—Z]
pxyarray[2n-1]

ptsin[2n-2]
ptsin{2n-1]
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POLYMARKER This function draws markers at the points
specified in +the input array. GEM VDI dis-
plays the markers using the current marker
attributes:
o color
O scale
o type
o writing mode
Input contri(0) -- Opcode = 7.
contrl(l) -- Number of markers = n.
(Maximum number is returned in
Extended Inquire.)
contrl(3) -- Length of intin array = Q.
contrl(6) -- Device handle.
ptsin -— Array of coordinates in NDC/RC
: units.
ptsin(0) -- x-coordinate of first marker
in NDC/RC units.
ptsin(1l) -- y-coordinate of first marker
in NDC/RC units.
ptsin(2) -- x-coordinate of second marker
in NDC/RC units.
ptsin(3) -- y~-coordinate of second marker
in NDC/RC units.
ptsin(2n-2) -- x-céordinate of last marker in
- NDC/RC units.
ptsin(2n-1) -- y-coordinate of last marker in
NDC/RC units.
Output contrl(2) -- Number of output vertices = 0.
contrl(4) -- Length of intout array 0.
4-4
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C BINDING

Procedure Name v_pmarker( handle, count, pxyarray )

Data Types WORD v_pmarker ( );
WORD handle;
WORD count;
WORD pxyarray[2 * count];

Input Arguments handle = contrl([6]
count = contrl[1l]
pxyarray[0] ptsin[0]
pxyarray[1l] ptsin[1]

péyarray[Zn-Z]
pxyarray[2n-1]

ptsin[2n-2]
ptsin[2n-1]
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TEXT This function writes graphic text to the dis-
play surface. The (x,y) position specified
by the application program is the alignment
point of the text string. The Set Graphic
Text Alignment function establishes the
relationship between the starting point of
the string and the specified x,y position.
The default alignment is the 1left baseline
position of the text string. Refer to the
Set Graphic Text Alignment function in Sec-
tion 5 for an 1illustration of alignment
points.

Each word of the intin array contains one
character in bits 0-7. Any unsupported
character is mapped to a symbol for an un-
defined character.

Input contrl(0) -- Opcode = 8.
contrl(l) -- Number of input vertices = 1.
contrl(3) -- Length of intin array = n.
contrl(6) =-- Device handle.
intin -- Character string as ASCII 7
codes in 16-bit words. "
The maximum number of charac-
ters equals the size of the
intin array. See Extended
Inquire.
ptsin(0) -- x-coordinate of alignment
point of text in NDC/RC
units.
ptsin(l) -- y-coordinate of alignment
point of text in NDC/RC units.
Output contrl(2) -- Number of output vertices = O.
contrl(4) -- Length of intout array = O.
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Text

C BINDING

Procedure Name

Data Types

Input Arguments

v_gtext( handle, x, y, string

WORD v_gtext ( )
WORD handle;

WORD x;

WORD vy

BYTE string[n];

handle = contrl[6]
X = ptsin[O0]

y = ptsin[1]
string = intin

Note: Bytes for the string array are mapped
into the eight 1least significant bits of in-

tin. The string must be null-terminated.
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FILLED AREA

This function f£fills a complex (for example, N
self-intersecting) polygon specified by the
input array. The area is filled using the
following current attributes: :

o fill area color

o interior style (hollow, solid, pattern,
hatch or user-defined)

o writing mode

o style index

The area is outlined with a solid line of the
current £fill area <color if the fill area
perimeter visibility is on, which is the
default at Open Workstation. See the Set
Fill Perimeter Visibility function in Section
5.

If a device does not have area fill
capability, GEM VDI outlines the polygon
using the current fill area color. The
device driver ensures that the £fill area is
closed by connecting the first point to the
last point.

GEM VDI displays a polygon with zero area as
a dot. If outline isn't +turned on, the
degenerate case isn't displayed as a dot.
GEM VDI does not display a polygon with only
one endpoint. The maximum number of filled
area vertices may be determined with the
Extended Inquire function.
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Input contrl(0) -- Opcode = 9.
contrl(l) -- Number of vertices in polygon
= n.
Maximum number returned in
Extended Inquire.
contrl(3) -- Length of intin array = O.
contrl(6) -- Device handle.
ptsin -- Array of coordinates of
polygon in NDC/RC units.
ptsin(0) -- x-coordinate of first point in
NDC/RC units.
ptsin(1l) -- y-coordinate of first point in
NDC/RC units.
ptsin(2) -- x-coordinate of second point
in NDC/RC units.
ptsin(3) -- y-coordinate of second point
in NDC/RC units.
ptsin(2n-2) -- x-coordinate of last point in
NDC/RC units.
ptsin(2n-1) -- y-coordinate of last point in
q;_ NDC/RC units.
Output contrl(2) -- Number of output vertices = O.
contrl(4) -- Length of intout array = O.
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C BINDING

Procedure Name v_fillarea( handle, count, pxyarray )

Data Types WORD v_fillarea ( );
WORD handle;
WORD count;
WORD pxyarray[2 * count]:;

Input Arguments handle = contrl[6]
count = contri[1l]
pxyarray[O] ptsin[O0]
pxyarray[1l] ptsin[1]

péyarray[Zn—Z]
pxyarray[2n-1]

ptsin[2n-2]
ptsin(2n-1]

4-10
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CELL ARRAY With +the Cell Array function, the device
draws a rectangular array defined by the in-
put parameter (x,y) coordinates and the color
index array. The 1lower left and upper right
coordinates define the extent of the rec-
tangle. GEM VDI divides the rectangle into
cells based on the number of rows and columns
specified as input parameters. The color in-
dex array specifies the color for each cell.

Each cell of the rectangle is mapped to
pixels on the display surface. The pixel
takes the color of the cell that covers its
center.

If the device does not support cell arrays,
the device outlines the area with a solid
line in the current 1line color and 1line
width.

Note: This function is not required and may
not be available on all devices.

{ Input contrl(0) -- Opcode = 10.
- (1) -- Number of input vertices = 2.
contrl(3) -- Length of color index array.
(6) -- Device handle.
(7) -- Length of each row in color index
array (size as declared in a

high-level language).

contrl(8) -- Number of elements used in each
row of color index array.

contrl(9) -- Number of rows in color index ar-
ray.

'contr1(10)~— Pixel operation to be performed.

(See Set Writing Mode function in
Section 5 for the description of
each mode.)

intin(0) -- Color index array, stored by row.

ptsin(0) ~-- x~-coordinate of 1lower left corner
in NDC/RC units.

ptsin(1l) -- y-coordinate of 1lower left corner
in NDC/RC units.

ptsin(2) -- x-coordinate of upper right corner
in NDC/RC units. )

ptsin(3) -- y-coordinate of upper right corner

in NDC/RC units.
4-11
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Cell Array

Output

contrl(2) -- Number of output vertices
contrl(4) -- Length of intin array

0.

C BINDING

Procedure Name

Data Types

Input Arguments

v_cellarray( handle, pxyarray, row_length,
el used, num_rows, wrt_mode, colarray )

WORD v_cellarray( )’
WORD handle;

WORD pxyarrayl[4]:
WORD row_length;
WORD el used;

WORD num_rows;

WORD wrt_mode;

WORD colarray[num_rows*el used]:

handle = contrl[6]

pxyarray[0] = ptsine[0]
pxyarray[l] = ptsin[1]
pxyarray[2] = ptsin[2]
pxyarray[3] = ptsin[3]

row_length = contrl([7]
el used = contrl([8]
num_rows = contrl[9]
wrt_mode = contrl[10]
colarray[0] = intin[O]

célarray[n] = intin[n]
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CONTOUR FILL This function fills an area until it finds
either the edges of +the display surface or
the color index stated in intin(0). This

function is sometimes called a seed fill or
flood fill. If intin(0) is negative, the al-
gorithm searches for any color other than the
color of the seed point. GEM VDI fills the
area using the current fill area attributes.

Note: This function is not required and may
not be available on all devices.

Input contrl(0) -- Opcode = 103.

contrli(l) -- Number of input vertices = 1.

contrl(3) -- Length of intin array = 1.

contrl(6) -- Device handle.

intin(0) -- Color index that defines the
contour.

ptsin(0) -- x-coordinate of starting point
in NDC/RC units.

ptsin(1l) -- y-coordinate of starting point

in NDC/RC units.

Output contrl(2) -- Number of output vertices = O.
contrl(4) -- Length of intout array = O.
C BINDING
Procedure Name v_contourfill( handle, x, y, index )
Data Types WORD v_contourfill( );
WORD handle; :
WORD x;
WORD vy;

WORD index;

Input Arguments handle = contrl[6]
X = ptsin[0]
y = ptsin[1]
index = intin[O0]
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Contour Fill

FILL RECTANGLE This function fills a rectangular area with
the pattern defined by the current fill area
attributes. The rectangle is filled using
all fill area attributes except outline.

Input contrl(0) =-- Opcode = 114.
contrl(l) -- Number of input vertices = 2.
contrli(3) -- Length of intin array = O.
contrl(6) -- Device handle.
ptsin(0) -- x-coordinate of corner of des-

tination rectangle in RC/NDC. -
ptsin(l) -- y-coordinate of corner of des-
tination rectangle in RC/NDC.
ptsin(2) -- x-coordinate of corner of des-
tination rectangle in RC/NDC
diagonally opposite corner
specified in ptsin(0).
ptsin(3) -- y-coordinate of corner of des-
tination rectangle in RC/NDC
diagonally opposite corner
specified in ptsin(1l).

Output contrl(2) =-- Number of output vertices = O.
contrl(4) -- Length of intout array = 0.

C BINDING

Procedure Name vr_recfl( handle, pxyarray )

Data Types WORD vr_recfl ( )

WORD handle;
WORD pxyarray[4]:

Input Arguments handle = contrl[6]
pxyarray[0] = ptsin[0]
pxyarray[3] = ptsin[3]

L\\ 7
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GENERALIZED The Generalized Drawing Primitive (GDP)
DRAWING PRIMITIVE function allows you to use the predefined
(GDP) primitives. The application can draw special

elements, such as arcs, circles, and ellipses
using this function.

The contents of the control and data arrays
are different for each GDP.

For the arc, pie, elliptical arc, and ellip-
tical pie, the information in +the radius,
start, and end angle variables defines the
GDP.

All angle specifications are in tenths of de-
grees and assume that O degrees is 90 de-
grees to the right of vertical, with wvalues
increasing in the counterclockwise direc-
tion. Arcs are drawn counterclockwise. All
radius specifications except for ellipse and
elliptical arc, assume an extent (distance)

in the x-axis. Ellipse and elliptical arc
use both x and y radius values. Refer to
Figure 4-2.

Figure 4-2. BAngle Specification

Input contrl(0) -- Opcode = 11.

contrl(l) -- Number of vertices in ptsin.

contrl(3) -- Length of input array intin.

contrl(5) -- Primitive id.

1l -- BAR: Uses fill area attributes
(fil1ll interior style, style
index, writing mode, color and
perimeter style).

4 -- CIRCLE: Uses fill area attributes
(£fill interior style, style
index, writing mode, fill

color and perimeter style).
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2 -- ARC: Uses 1line attributes (color,
linetype, writing mode,
width, and end styles).

3 -- PIE: Uses fill area attributes