













































































































































































































































































































































































































































































































































































































































































































































































































































































The trapezoid technique includes the following pixels as a part of a trapezoid:

® Every pixel whose center lies within the boundary of the trapezoid.
@ Every pixel that is touched by the boundary line of the trapezoid.
Figure E-2 shows the pixels that are rendered for a trapezoid.
NOTE: The polygons in the following figures are drawn with heavy borders to emphasize

the polygon in the figure. The filled polygons drawn with GPR routines are bor-
derless.

Figure E-2. The Pixels Rendered for a Trapezoid with the Trapezoid Technique

Figure E-3 shows the pixels that are rendered for a six—sided polygon decomposed and rendered using the
trapezoid technique. Notice that some of the pixels have been rendered twice. . This feature produces un-
desirable results when some raster operations are applied to this polygon. For example, if a raster opera-
tion of six (XOR) were applied, the polygon would appear as displayed in Figure E-4. Similar results exist
if adjacent polygons are decomposed into trapezoids. For example, Figure E-5 shows two adjacent poly-
gons decomposed into trapezoids. Notice that all the pixels between adjacent trapezoids as well as the pix-
els between the adjacent six-sided polygons are rendered more than once. Figure E-6 shows how the two
adjacent six-sided polygons would appear if an XOR raster operation were applied. The raster operations
work correctly; however, the problem is the overlapping of adjacent trapezoids.
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Pixel belongs to more than one
trapezoid.

Pixel belongs to one trapezoid.

Figure E-3. Interior Pixels of a Six-sided Polygon Decomposed into Trapezoids

11 12 1 13 14

Figure E-4. Six-sided Polygon Decomposed and Rendered with the Trapezoid Technique. The Raster
Operation was Set to XOR.

Decomposition and Rendering Techniques E-4



Pixel belongs to more than one
trapezoid.

Pixel belongs to one trapezoid.

Figure E-5. Two Adjacent Six-sided Polygons Decomposed into Trapezoids

Figure E-6. Two Adjacent Six-sided Polygons Decomposed and Rendered with the Trapezoid
Technique. The Raster Operation was Set to XOR.

The triangle rendering algorithm avoids the problems associated with the trapezoid technique by establish-
ing guidelines for pixel selection; the guidelines prevent adjacent polygons and triangles from overlapping.
Figure E-7 shows the pixels that would be rendered for a pair of triangles with the triangle technique.
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Figure E-7. Interior Pixels of Two Triangles Decomposed into Triangles
The triangle technique includes the following pixels as a part of a triangle.

® Any pixel whose center lies within the boundary of the triangle.

@ Any pixel whose center lies on a boundary line is included if the following condition is true: the
interior of the polygon lies directly to the right or below the pixel.

The triangle technique excludes any pixels whose center lies on a right-hand boundary line.

NOTE: If a pixel forms the vertex for two boundary lines, the pixel is an interior pixel
only if it passes the above criteria for both boundary lines. For example, pixel
(1,4) in Figure E-2 is not an interior pixel because it is on a right-hand bound-
ary line.

These rules prevent the triangles that compose a complex polygon from overlapping. In addition, they pre-
vent adjacent polygons decomposed into triangles from overlapping. For this reason, any raster operation
can be applied to polygons decomposed and rendered using the triangle technique with satisfactory results.

A six-sided polygon decomposed into triangles is displayed in Figure E-8 (interior pixels are shaded).
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Figure E-8. Six-sided Polygon Decomposed into Triangles

Triangle versus Render-Exact Techniques

The triangle technique is similar to the trapezoid technique for the following reasons: both techniques de-
compose a complex polygon into simpler primitives and then render those primitives. The final rendered
polygon from either technique is actually a group of several simple polygons. The render-exact technique
does not decompose a complex polygon into simpler polygons: it examines each pixel, and if the pixel
should be included in the polygon it is rendered. The render-exact technique uses the same criteria for
determining which pixels belong to a polygon as does the triangle technique to determine which pixels be-
long to a triangle. For this reason, most polygons rendered with the triangle technique will be similar to the
same polygons rendered with the render-exact technique. The only exceptions are self~intersecting poly-
gons where one of the coordinates of the intersection is a noninteger. For these polygons, the render-ex-
act technique will render a more accurate polygon.

Consider the polygon in Figure E-9. Two edges of the polygon intersect between four pixels. If the trian--
gle technique is used, the decomposition algorithm will move the intersection so that it passes through the
center of a pixel. This process actually creates a new polygon which will be different from the original. Fig-
ure E-10 displays the polygon in Figure E-9 if the triangle technique is used (rendered pixels are shaded).
Figure E-11 displays the polygon in Figure E-9 if the render—exact technique is used (rendered pixels are
shaded). For this polygon, render—exact provides a more accurate rendering.
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Figure E-9. A Sample Self-Intersecting Polygon
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Figure E-10. The Pixels Rendered for the Polygon in Figure E-9 with the Triangle Technique
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Figure E-11. The Pixels Rendered for the Polygon in Figure E-9 with the Render-Exact Technique

E.2 Filling Polygons

The decomposition and rendering technique determines the available filling criteria. The following sec-
tions describe how the different techniques allow you to fill a polygon. The programs in Sections E.7.2
demonstrate how to use various filling criteria with the triangle technique.

E.2.1 Filling Polygons with the Triangle and Render-Exact Techniques

The triangle and render-exact techniques offer the most flexibility for filling polygons because these algo-
rithms calculate winding numbers during decomposition. Winding numbers allow the following filling tech-
niques to be used: parity filling, nonzero filling, and specific winding number filling.

Calculate winding numbers as follows:
1. Trace around the polygon from some point and keep track of the direction of the line.

2. Draw imaginary horizontal lines through the polygon. If the imaginary line passes through a line
and the direction of that line is upwards, the winding number for the region to the right of the
polygon line is incremented by 1. If the horizontal line passes through a polygon line and the di-
rection of that line is downwards, the winding number for the region to the right of the polygon
line is decreased by 1. Initially the winding number is zero.

Figure E-12 illustrates the winding numbers for all regions of the polygon. A parity fill is used to fill the re-
gions with odd winding numbers; a nonzero fill is used to fill all the regions with nonzero winding num-
bers; and a specific winding number fill is used to fill all the regions with a specific winding number (zero
is not allowed as a specific winding number).
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Figure E-12. The Winding Numbers of a Complex Polygon

E.2.2 Filling Polygons with the Trapezoid Technique

The trapezoid technique uses parity filling numbers to determine which areas of a polygon to fill. This pre-
vents some classes of polygons from being completely filled and does not provide any flexibility. Calculate
parity filling numbers as follows:

1. Set the filling number outside the polygon to zero.

2. Draw imaginary horizontal lines through the polygon. When an imaginary line passes through a
line of the polygon, increase the parity filling number from zero to one. When the line passes
through another line of the polygon, decrease the parity filling number from one to zero. Con-
tinue this process until the imaginary line is outside the polygon. The parity filling number outside
the polygon must always be zeroc.

Figure E-13 illustrates the parity filling numbers calculated for all regions of the polygon. Only the areas
with a filling number of 1 can be filled.

NOTE: The same polygon decomposed and rendered with the triangle or the render-ex-
act technique is guaranteed to be similar to the same polygon decomposed and
rendered with the trapezoid technique only in the following situation: when the
polygon decomposed with either the triangle or render-exact technique is filled
using gpr_$parity as the filling criterion. :
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Figure E-13. The Parity Filling Numbers of a Complex Polygon

E.3 Polygons From Start to Fill

To create a filled polygon, perform the following steps:

1. Make certain that the decomposition technique is appropriate. Use gpr_$inq_pgon_decomp_tech-
nique to inquire the current decomposition technique. If the current technique is not adequate, .
change it with gpr_$pgon_decomp_technique. See Section E.6 for additional information.

2. Set the filling criterion with gpr_$set_triangle_fill criteria unless the trapezoid technique is used.

3. Define the starting location of a polygon with gpr_$start_pgon.

4. Define the remaining points of a polygon’s boundary with gpr_S$pgon_polyline.

(Steps 3 and 4 can be repeated. See example program in Section E.7.)

5. Close the polygon with one of the following routines: gpr_$close_return_pgon_tri, gpr_$close_re-
turn_pgon, or gpr_3$close_fill_pgon.

gpr_$close_return_pgon_tri returns a list of triangles that can be rendered at any time with
gpr_$multitriangle. (The decomposition technique must be set to gpr_$non_overlapping_tris.)
gpr_Sclose_return_pgon_tri does not render a polygon.

gpr_$close_return_pgon returns a list of trapezoids that can be rendered at any time with
gpr_$multitrapezoid. (The decomposition technique must be set to gpr_$fast_traps or
gpr_S$precise_traps.) gpr_$close_return_pgon does not render a polygon.

gpr_$close_fill_pgon renders the decomposed polygon immediately; it does not store any list
of triangles or trapezoids. Any decomposition technique works with gpr_§close_fill_pgon. You
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must, however, use this procedure to render polygons decomposed using the render—exact
technique.

NOTE: An error occurs if you attempt to close a polygon using gpr_S$close_re-
turn_pgon_tri and the decomposition technique is not gpr_$non_overlap-
ping_tris. An error also occurs if you attempt to close a polygon using
gpr_Sclose_return_pgon and the decomposition technique is not gpr_$fast_traps
or gpr_$precise_traps. This means that existing applications that use
gpr_S$close_return_pgon will have run-time errors on DN570/580s and DN3000s
if they use the default decomposition technique.

E.4 The Default Decomposition Techniques

All display devices in the Domain product line use a default decomposition technique to take full advan-
tage of the hardware during rasterization. Depending on your application, the default may or may not be
adequate. For example, the trapezoid technique may not be adequate if you are using raster operations on
filled polygons.

NOTE: The decomposition technique can affect the application’s portability. For exam-
ple, if you attempt to use a specific winding number fill and the decomposition
technique is set to the trapezoid technique, your application will not run to com-
pletion.

Table E-1 lists the default decomposition technique used on existing models. The render-exact technique
is not the default on any existing hardware devices.

E.5 Performance Considerations

When choosing a decomposition technique, keep in mind the following:

On DNS570s and DN580s, triangle technique provides the best performance because the algorithm
to render triangles is in microcode. On DN550/560s and DN600/660s, this technique runs con-
siderably slower since the algorithm to render triangles is in software. All other machines,
DN100s, DN3XX/4XXs and DN3000s, have rendering algorithms in software regardless of the
technique used. If, however, you are filling complex polygons and you need the flexibility that
filling with winding numbers provides, or you plan to use raster operations on filled polygons, you
must use either the triangle or render—exact technique.

If performance is the only issue, decompose polygons into triangles on DN570/580s and decom-
pose polygons into trapezoids on DN550/560/600/660s. Be aware, however, that the polygons
rendered with the triangle technique contain fewer pixels than the same polygon rendered with
the trapezoid technique. The difference is minor, but you must be aware that it exists.

The render-exact technique currently provides the best performance for rectilinear axis—aligned
polygons. Your application may be able to take advantage of this.

Table E-2 shows where the rendering algorithms are located on our current devices.

For static polygons that are frequently displayed, it is efficient to decompose the polygon into a list of
trapezoids or triangles . In this way, you avoid the overhead of repeatedly decomposing the same polygon.
For polygons that change frequently or polygons that are rendered only once, it is more efficient to use
gpr_S$close_fill_pgon.
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Table E~1. The Default Decomposition Techniques Used

Model Trapezoid Triangle
Decomposition Decomposition

DN300/320/330 X

DN400/420/460 X

DN550/560 X

DN570/580/590

DN600/660 X

DN3000 X

E.6 Limitations

You cannot change the decomposition technique from one of the trapezoid techniques to the triangle or
render—exact technique when a polygon definition is in progress. Likewise, you cannot change the de-
composition technique from the triangle or render—exact technique to one of the trapezoid techniques if a
polygon definition is in progress. For example, if you are currently in a polygon operation and the decom-
position technique is set to one of the trapezoid techniques, you cannot change the decomposition tech-
nique to gpr_$non_overlapping_tris. You can, however, change the decomposition technique either be-
fore beginning a polygon operation or upon completion of a polygon operation.

The following is true in borrow mode on DN550/560s and DN6XXs with extended bitmap dimensions
(gpr_$set_bitmap_dimensions). Drawing operations cannot span frame 0 and frame 1 if you are using tri-
angle decomposition.

Table E~2. Where Rasterization Occurs

Decomposition Technique Used

Model Trapezoids Triangles Render Exact
DN300/320/330 software software software
DN400/420/460 software software software

DN550/560 microcode software software
DNS570/580/590 software microcode microcode
DN600/660 microcode software software

DN3000 software software software
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E.7 Sample Programs

There are two example programs presented ir this section.

E.7.1 Program to Set the Decomposition Technique

This sample program is intended as a shell for future enhancements: the actual graphics application has
been omitted. The purpose of this program is to set the decomposition technique to gpr_$non_overlap-
ping_tris if it is not already set to that value. The program begins by checking the default display type with
gpr_%$ing_disp_characteristics. If the display type is gpr_S$ctl_color_2, gpr_S$ctl_color_3,
gpr_S$ctl_color_4, or gpr_$mono_4, the default decomposition technique is gpr_$non_overlapping_tris. In
this case, no action is necessary. If, however, the display type is anything else, the decomposition tech-
nique is set to gpr_$non_overlapping_tris with gpr_$pgon_decomp_technique.

In addition, this program uses the routine gpr_S$raster_op_prim_set to establish the set of primitives that
will be affected by the current raster operation. In this example, raster operations will affect lines and fills.

PROGRAM set_the_decomposition_technique;

{This program sets the decomposit:zon technique to gpr_$non_overlapping tris
on certain node types. It demonstrates the gpr_$pgon_decomp_technique
routine.}

%include ’/sys/ins/base.ins.pas”;

%include “/sys/ins/gpr.ins.pas”’;

%include “/sys/ins/pfm.ins.pas”;

VAR

prim_set : gpr_S%rop_prim set_t; { The set of primitives that raster }
{ operations will affect.}

%include “my_include_file.pas”; {Contains the init, check, and pause routines.}
BEGIN

init (gpr_8$borrow);

{Set the decomposition technigue on certain node types.}
CASE display_characteristics.controller_type of
gpr_$ctl_mono_1,
gpr_$ctl_mono_2,
gpr_S$ctl_mono_4,
gpr_$ctl_color_1,
gpr_%ctl_color_4 : begin
gpr_%$pgon_decomp_technique (gpr_$non_overlapping_tris, status);
check(“establishing the pgon decomp technique’);
end;
END;

{Establish the set of raster operations for lines and fills.}
prim_set := [gpr_$rop_line, gpr_S$rop_f£fill];
gpr_$raster_op_prim_set(prim_set, status);
check(’establishing the raster op prim set”’);

{******************#**************#****************}

{ Graphics application code goes here.}
{************************‘**************************}

{Terminate the program.}
gpr_$terminate(falsé,status);
END.
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E.7.2 Sample Program to Draw a Polygon

This sample program demonstrates using the triangle technique and filling a polygon with the three avail-
able filling criteria. The polygon that is filled is displayed in Figure E-14. The arrows in the figure indicate

the drawing direction from the starting point (indicated by a dot), and the numbers indicate winding num-
bers.

The program begins by using a parity fill. In this way, only the odd numbered region is filled. Next, a non-
zero fill is used. This filling criterion fills the polygon so that it is solid. Finally, the program uses a specific
winding number fill. A winding number of 2 is used; this fills the three interior rectangles.

Different results can be achieved by changing the drawing direction of one or more of the polygons. In ad-
dition, this is an ideal polygon for testing the render-exact technique because it is rectilinear and axis
aligned.

@
O

Figure E-14. How the System Fills a Polygon

PROGRAM triangle_technique;

{This program demonstrates the triangle technique. It illustrates the
gpr_$set_triangle_fill_criteria and gpr_$multitriangle routines.

}

%include “/sys/ins/base.ins.pas”;

%include “/sys/ins/gpr.ins.pas”;

%include “/sys/ins/pfm.ins.pas’;

VAR
prim_set : gpr_$rop_prim_set_t;
X, ¥ : gpr_$coordinate_t;
Xx_array, y_array : gpr_S$coordinate_array_t;
list_size : integer;
t_list : ARRAY [1..30] OF gpr_S$triangle_t;
n_triangles : integer;
winding_set : gpr_$triangle fill criteria_t;
n_positions . integer;
pixel_array : ARRAY[1..1l] OF integer32;
window : gpr_$window_t;

%include ‘my_include_file.pas’;{Contains the init, check, and pause routines.}
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BEGIN { Main }

init (gpr_$direct);

{Set the decomposition technigue cn certain node types.}

CASE (display_characteristics.controller_type) of
gpr_$ctl_mono_1,
gpr_%$ctl_mono_2,
gpr_$ctl_mono_4,
gpr_$ctl_color_1,
gpr_$ctl_color_4 : begin

gpr_$pgon_decomp_techrique (gpr_$non_overlapping tris,

check(“establishing the pgon decomp technique’);
end;
END;

prim_set := [gpr_$rop_line, grr_$rop_fill}];
gpr_$raster_op_prim _set(prim_set, status);
check(’establish the raster or prim set”);

window.window_base.x_coord := 200;
window.window_base.y_coord := 200;
window.window_size.x_size =1;
window.window_size.y_size = 1;

DISCARD (gpr_$acquire_display(status)); { Acquire the display.

gpr_8$read_pixels(window,pixel_array, status);
check(’performing a read_pixels”);

X := 50;
y := 600;
gpr_$start_pgon(x, y, status);

x_array[l] := 50; { Draw clockwise.}
y_array{l] := 100;

x_array[2] := 750;

y_array[2] := 100;

x_array[3] := 750;

y_array[3] := 600;

n_positions := 3;

gpr_$pgon_polyline(x_array, y_array,n_positions, status);

X = 150;
y := 500;
gpr_$start_pgon(x, y, status):

x_array[l] := 150; { Draw clockwise.}
y_array[l] := 200;
x_array[2] := 250;
y_array[2] := 200;
x_array[3] := 250;
y_array[3] := 500;
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n_positions := 3;

gpr_$pgon_polyline(x_array, y_array, n_positions,
X = 350;

y = 500;

gpr_$start_pgon(x, y, status);

Xx_array[1l]

350; { Draw clockwise.}

y_array[1l] := 200;
X_array([2] = 450;
y_array[2] 1= 200;
Xx_array[3] := 450;
y_array([3] := 500;
n_positions := 3;

gpr_8$pgon_polyline(x_array, y_array, n_positions,

x := 550;
y = 500;
gpr_8start_pgon(x, y, status);

x_array[l] := 550; { Draw clockwise.}
y_arrayf{l] := 200;
x_array[2] := 650;
y_array (2] := 200;
X_array[3] := 650;
y_array([3] := 500;
n_positions := 3;

gpr_S$pgon_polyline(x_array, y_array, n_positions,
check(’performing a pgon polyline”);

winding set.wind_type := gpr_S$parity;

status);

status);

status);

gpr_$set_triangle fill criteria(winding_set,status);

check(“performing a set triangle fill criteria’);

list_size := 30;

gpr_$close_return_pgon_tri(list_size, t_list, n_triangles, status);

check(“performing a close return pgon tri’);

{Draw the triangles with a parity f£ill.}

gpr_$multitriangle(t_list, n_triangles, status);

pause(5.0);
gpr_8$clear(pixel_array[l], status);

winding set.wind_type := gpr_$nonzero;

{Keep image displayed on screen for five seconds, then clear the screen.}

gpr_$set_triangle fill criteria(winding set,status);

check(“performing a set triangle fill criteria’);

{Draw the triangles with a nonzero fill.}

gpr_$multitriangle(t_list, n triangles, status);
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check(’performing a gpr_$multitriangle with a nonzero fill”);

{Keep image displayed on screen for five seconds, then clear the screen.}
pause(5.0);

gpr_$clear(pixel_array[1l], status);

winding_set.wind_type := gpr_$specific;

winding set.winding no := 2;
gpr_$set_triangle_fill_criteria(winding set,status);
check(“performing a set triangle fill criteria’);

{Draw the triangles with a specific winding number fill.}
gpr_$multitriangle(t_list, n_triangles, status);
check (“performing a gpr_$multitriangle’);

{Pause 5 seconds, release the display, and Terminate the program.}
pause(5.0);
gpr_S$release_display(status);
gpr_$terminate (FALSE, status);

END.
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Appendix F

Imaging Mode

The DN550, DN560, DN600, and DN660 class nodes support the following two different color modes of
operation:

©® Interactive mode.
@ Imaging mode.
All other nodes support only interactive mode.

Chapter 6 described interactive mode, which supports all the GPR color operations.

In this Appendix, we describe imaging mode. The advantage of imaging mode is that it allows your pro-
gram to use more planes of display memory than interactive mode does. Therefore, more colors can be
displayed simultaneously in imaging mode than in interactive mode. The disadvantage of imaging mode is
that you cannot use the GPR draw, fill, or text routines in imaging mode. Thus, it is much harder to pro-
gram in imaging mode.

From imaging mode, you can only use the calls listed below:

gpr_8$inq_imaging format gpr_$set_imaging_format
gpr_S$select_color_frame gpr_S$terminate
gpr_$set_color_map gpr_$write_pixels

F.1 What Is Imaging Mode?

You use imaging mode to increase the number of colors that can simultaneously be displayed on a
DNS550/560/600/660 monitor. For example, in the default mode (interactive mode), a node with two
boards of display memory supports four planes of display memory. However, in imaging mode, a node
with two boards of display memory supports eight planes of display memory. Similarly, a node with three
boards of display memory supports eight planes of display memory in interactive mode and 24 planes in
imaging mode. These results are summarized in Table F-1.

Table F-1. Effect of Display Memory and Mode on Color for DN550/560/600/660 Nodes

Maximum number of colors
Number of boards .
of display memory Mode Planes that candti)sebf;;zlgtaneously
2 interactive 4 16
imaging 8 256
3 interactive 8 256
imaging 24 16.7 million
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For some nodes, going to imaging mode from interactive mode reduces the amount of visible and/or hid-
den display memory (as noted in Appendix D).

F.2 ﬁ‘eldecting Between Interactive Mode and Imaging
ode

By default, your node is in interactive mode. Use the gpr_$set_imaging_format to change to imaging
mode, or to change back to interactive mode from imaging mode. You must be in borrow mode in order
to call gpr_$set_imaging format. (Imaging mode is supported only in borrow mode.)

To find out which mode you are in (i.e., interactive or imaging) call the gpr_8$inq_imaging_format routine.

It is possible to write a program that displays figures in interactive mode and then to switch to imaging
mode in the middle of the program. Switching the display between an interactive format and an imaging
format causes the hardware to reconfigure the refresh buffer memory and to rearrange the bitmap. This
means that an intelligible image in one format becomes unintelligible in another.

F.3 Writing to a Bitmap in Imaging Mode

You cannot call any GPR draw, fill, or text routines in imaging mode. Therefore, it is rather difficult to
write to an imaging mode bitmap. The best way to write pixel values from a pixel array into an imaging
mode bitmap is to call gpr_$write_pixels. (You cannot, however, call gpr_$read_pixels.)

F.4 Using Color in Imaging Mode

The color map works in imaging mode just as it does in interactive mode for 8- and 24-plane displays.
From imaging mode, you can adjust the color map with the gpr_$set_color_map routine just as you would
from interactive mode. See Chapter 6 for a description of color and the color map.

Note the distinction between the 24-plane true-color DN590 and the 24-plane imaging mode of the
DNS§50/560/600/660. For both machines, color lookup through a 256x3 color map matrix is identical.
However, on the DN590, you can draw lines of a particular color by calling gpr_$set_draw_value and
gpr_S$line, but in a 24-plane imaging mode, you would have to draw the line with a gpr_$write_pixels rou-
tine.

F.5 Using gpr_S$select_color_frame

The system does permit you to select a frame with gpr_3$select_color frame in 24~plane imaging mode just
as you would from 8-plane interactive mode.
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Glossary

Attribute

Bitmap

Bit plane

Borrow display mode

Button

Clipping window

Color map

Color map entry

Color table
Color table index

Color value

Core graphics system

Specification of the manner in which a primitive graphic operation is to

be performed (for example, line type or text value). Each bitmap has a
set of attributes.

A three-dimensional array of bits having width, height, and depth.
When a bitmap is displayed, it is treated as a two-dimensional array of
sets of bits. The color of each displayed pixel is determined by using the
set of bits in the corresponding pixel of the frame-buffer bitmap as an in-
dex into the color table.

A one-bit-deep layer of a bitmap. On a monochromatic display, dis-
played bitmaps contain one plane. On a color display, displayed bitmaps
may contain more planes, depending on the hardware configuration and
the number of bits per pixel.

A mode for use of the Domain display whereby a program borrows the
entire screen from the Display Manager and performs graphics operations
by directly calling the display driver.

A logical input device used to provide a choice from a small set of alter-
natives. Two physical devices of this type are function keys on a key-
board and selection buttons on a mouse.

A rectangular section of a bitmap outside of which graphics operations do
not modify pixels.

A set of color table entries, each of which can store one color value.
Each color value contains red, blue, and green components. Each entry
is accessed by a color table index.

One location in a color map. Each entry stores one color value that can
be accessed by a corresponding color table index.

See Color map.
An index to a particular color table entry.

The numeric encoding of a visible color. A color value is stored in a
color map entry. Each color value is divided into three fields: the first
stores the value of the red component of the color, the second stores the
value of the green component of the color, and the third stores the value
of the blue component. Each component value is specified as an integer
in the range of zero to 255, where zero is the absence of the primary
color and 255 is the full intensity color.

A package of graphics functional capabilities designed for building
higher-level interactive computer graphics applications programs. Unlike
graphics primitives, the Core graphics system allows temporary storage of
picture data during execution, with limited segmentation of the pictures.
In addition, the Core system uses device-independent coordinates.
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Current bitmap

Current position

Direct mode

Event

Font

Frame

Frame buffer

Frame mode

Imaging display format

Initial bitmap

Input device

Input device number

Interactive display format

Keyboard

Line style

The bitmap on which a program is currently operating.

In graphics primitives, the starting point of any line drawing and text op-
erations. The current position is initially set at the coordinate position at
the top left corner of the bitmap (0,0).

A mode for use of the Domain display whereby the program performs
graphics operations in a window borrowed from the Display Manager.
Direct mode allows graphics programs to coexist with other activities on
the screen, with less Display Manager overhead than frame mode.

An input primitive which is associated with an interrupt from a device
such as a keyboard, button, mouse, or touchpad.

One set of alphanumeric and special characters. The font in which text is
to be displayed may be specified as an attribute.

A two-dimensional data structure that holds a picture in a Display Man-
ager pad. This structure is looked at through a Display Manager window.
The structure can be larger (or smaller) than the window, and it can be
scrolled.

The digital memory in a raster display unit used to store a bitmap.

A mode for use of the Domain display whereby a program performs
graphics operations on a Display Manager pad. In this mode, the user
has access to other processes through windows on the display, and can
scroll the frame under the Display Manager window.In this mode, unlike
direct mode, the Display Manager refreshes the window when appropri-
ate.

An 8-bit or 24-bit color display format which allows display of an ex-
tended color range, but supports only limited graphics primitives opera-
tions. In an 8-bit imaging format, eight bits are used to assign a pixel
value (color map index) to each pixel. In a 24-bit imaging format, 24
bits are used to assign a pixel value to each pixel. An 8-bit imaging for-
mat allows 256 colors to appear on the screen at one time. A 24-bit im-
aging format extends the possible color range to 16 million different col-
ors, with 512 x 5§12 pixels visible at one time.

The first bitmap created in a graphics session.

A device such as a function key, touchpad, or mouse that enables a user
to provide input to a program.

The identifier of one input device in an input device class.

A 4-bit or 8-bit color display format which supports all graphics primi-
tives operations. In a 4-bit interactive format, four bits are used to assign
a pixel value (color map index) to each pixel. In an 8-bit format, eight
bits are used to assign a pixel value to each pixel. A 4-bit format allows
sixteen different colors to appear on the screen at one time. An 8-bit
format allows 256 colors to appear on the screen at one time.

A logical input device used to provide character or text string input.One
physical device of this type is the alphanumeric keyboard.

An attribute that specifies the style of lines and polylines (for example,
solid or dotted).
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Locator

Logical input device

No-display mode

Picture element

Pixel

Pixel value

Plane

Primitive

Primitive attribute

RGB color model

Scan line

Window

A logical input device used to specify one position in coordinate space
(for example, a touchpad, data tablet, or mouse).

An abstraction of an input device that provides a particular type of input
data.This abstraction corresponds to a group of physical input devices
that provide this type of input data.

A mode for use of the Domain system whereby a program creates a bit-
map in main memory and performs graphic operations there, bypassing
the display.

A single element of a two-dimensional displayed image or of a two-di-
mension allocation within a bitmap. It is commonly called a pixel.

See Picture Element.

The set of bits at a two-dimensional location within a bitmap. A pixel
value is used as an index to the color map.

See Bit Plane.

The least divisible graphic operation that changes a bitmap (for example,
lines, polylines, and text).

See Attribute.

A model used to specify color values. It defines red, green, and blue as
primary colors. All other colors are combinations of the primaries, in-
cluding the three secondary colors (cyan, magenta, and yellow).

A row of pixels; one horizontal line of a bitmap.

A rectangular area of the visible screen. Parts of the area may be ob-
scured by other windows.
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The letter f means “and the following page”; the letters ff mean “and the following pages”.

listed at the beginning of the index. Entries in color indicate procedural information.

Symbols

A

Acquire_release program
in C B-53
in FORTRAN C-58
in Pascal 10-2
Acquiring the display 10-1ff
time-outs 10-3
Animated film 5-10
Arcs 3-8f
width of 3-17
Arcs_example program
in C B-8
in FORTRAN C-8
in Pascal 3-9
Arrays and bitmaps 5-24
Attribute blocks 5-19ff
and double-buffering 5-21
Attribute_blocks program
in C B~28
in FORTRAN C-32f
in Pascal 5-20f
Attributes
in bitmaps 5-24
list of 5~21ff
Auto-refresh 10-6

base.ins 2-1f
Binding FORTRAN programs 2-9
Bitmaps 5-2ff

and arrays 5-24f

block transfers 5-17ff

current 5-17

double-buffered 5-13ff

in HDM 5-3ff

in main memory 5-8f

kinds of 5-2

on disk 5-10ff
on the DN590 5-13f
pointers to 5-26ff
removing 5-17
tutorial 5-3
Black 6-10
Blinking cursor 8-1
Block Transfers (BLTs) 5-17ff
BLTs 5-17ff
raster operations 11-5f
Blts program
in C B-26f
in FORTRAN C-30f
in Pascal 5-18f
Blue 6-2, 6-9
Borrow mode 2-10
Borrow-display mode 2-10
Brown 6-10
Buffer bitmap 5-13ff

c

C programs B-1ff, 2-1f, 2-6
CDM command 6-18
Changing color map 6-10f
Characteristics

inquiring 2-3
Characters in fonts

characteristics of 4-6£
check routine 2-3ff
Circles 3-6

width of 3-17
Circles_example program

in C B-7

in FORTRAN C-7

in Pascal 3-7
Clip windows 9-1ff

default 9-2

disabling 9-2

double-buffering 9-4

enabling 9-2

multiple 9-4

Index-1
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Clipping program Direct mode 2-10f, 10~-1ff

in C B-51 Disconnected_lines program
in FORTRAN C-56 in C B-6
in Pascal 9-3 in FORTRAN C-6
Color map in Pascal 3-6
24-plane 6-20 Display characteristics
changing 6-10f inquiring 2-3
default 6-9f Display controller 5-3
for mono displays 6-14 Display memory bitmaps 5~2f
in detail 6-9f pointers to 5-26f
in direct mode 6-12f Display memory
in direct_rgb mode 6-22 per node D-1
in file bitmaps 6-14ff Display modes 2-9ff
introduction to 6-2f DN550/560/600/660 nodes 5-5,
linear ramp 6-20 5-30, D-2
reserved slots 6-9 DNS590 nodes 5-13, 6-17ff
RGB look-up 6-20 Double-buffer 5-13ff
true—color 6-20 and attribute blocks 5-21
Color ~ bitmaps 5-13f
monitor 6-2 clip windows 9-4
number available 6-17, D-1 new-fasioned 5-13ff
tutorial 6-1f old-fashioned 5-6f
zooming 6-23f Double_buffer_example program
Color_circles program in C B-23ff
in C B-35 in FORTRAN C-27ff
in FORTRAN C-41f in Pascal 5-15ff
in Pascal 6-11 Draw function (in refresh_example)
Common block 2-9 in C B-55
Connected_lines program in FORTRAN C-60
in C B-5 in Pascal 10-7
in FORTRAN C-5 Draw value 6-7
in Pascal 3-5 Drawing
Connecting lines 3-5 arcs 3-8f
Coordinate system 3-2 circles 3-7f
Copying bitmaps 5-17ff curves 3-10f
Copying pixels to arrays 5-24f lines 3-3ff
Current attribute block 5-19f in true—color 6-20f
Current bitmap 5-17 intersecting colors 11-3
Current font 4-1 splines 3-10f
Current position 3-2
Cursor 8-1ff E
display mode 8-1f
Curves 3-10f Ec calls 7-6
Cyan 6-10 ec2_$wait 10-3
Eight-plane nodes 6-4, 6-9
D Error reporting 2-2f
error.ins 2-2
Deallocating bitmaps 5-17 Events 7-1ff
Decomposition techniques enabling 7-2
default E-13, E-1ff in multiple windows 7-6f
performance E-12f monitoring 7-3f
Default color map 6-9f waiting for 7-3f
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External file bitmaps 5-10ff
color map 6-14ff

File bitmaps 5-10ff
Fill patterns 3-15ff
Fill values 6~7
Filling
circles 3-7f
polygons 3-11ff, E~-9ff
raster operations 11-5f
Fonts 4~1ff
characteristics 4-6f
direction 4-4
loading 4-1f
modifying 4-6f
multiple 4-3f
unloading 4-1
FORTRAN
binding 2-9
include files 2-1f, 2-8F
programs C-1ff
Four-plane nodes 6-4, 6-9
Frame mode 2-11
gpr_$set_input_sid 7-8

G

Getting_started_with_gpr program
in C B-3
in FORTRAN C-3
in Pascal 2-5
GPR overview 1-1
gpr_S%acquire_display 10-2f
gpr_$additive_blt 5-17ff

gpr_S$allocate_attribute_block 5-19f

gpr_S$allocate_bitmap 5-8f

gpr_$allocate_bitmap_nc 5-8f

gpr_$allocate_buffer 5-14ff, 5-21

gpr_$allocate_hdm_bitmap 5-3

gpr_$arc_3p 3-8f

gpr_S$arc_c2p 3-8f

gpr_S$attribute_block 5-19

gpr_$bit_blt 5-17ff

gpr_$borrow_rgb mode 6-18

gpr_$buttons event 7-2

gpr_$circle 3-7

gpr_$circle_filled 3-7

gpr_$clear 6-7

gpr_$close_fill pgon 3-11, 3-13f,
E-1

gpr_$close_return_pgon 3-11, 3-13,
E-11f
gpr_$close_return_pgon_tri 3-11,
3-13, E-11f
gpr_S$color_zoom 6-23f, D-2
gpr_S$cond_event_wait 7-3f, 10-3
gpr_S$deallocate_bitmap 5-17
gpr_$deallocate_buffer 5-14
gpr_$direct_rgb mode 6-18
gpr_$disable_input 7-3, 7-6
gpr_$enable_direct_access 5-26,
5-28f
gpr_S$enable_input 7-6
gpr_$entered_window event 7-2
gpr_S$event_t data type 7-1
gpr_S$event_wait 7-3f, 8-5, 10-3
gpr_$force_release 10-3
gpr_S$get_ec 7-6
gpr_$init 2-2f
gpr_in_multiple_windows program
in C B~45
in FORTRAN C-50f
in Pascal 7-7f
gpr_$ing routines 5-20
gpr_$ing_bitmap 5-17
gpr_8ing_bitmap_dimensions 5-7
gpr_8ing_bitmap_file_color_map
6-14ff
gpr_$ing_bitmap_pointer 5-26ff
gpr_%ing_character_width 4-6
gpr_$ing_color_map 6-13
gpr_$inq_config 2-3
gpr_%ing_constraints 9-5
gpr_$ing_coordinate_origin 3-2
gpr_Sing_cp 3-2
gpr_8$ing_cursor 8-5
gpr_%$ing_disp_characteristics 23,
5-2, 6-24
gpr_8ing_draw_pattern 3-17
gpr_$ing_draw_value 6-7
gpr_S$ing_draw_width 3-17
gpr_S8ing_fill_value 6-7
gpr_$ing_horizontal_spacing 4-6
gpr_$ing_imaging_format D-2, F-1
gpr_$ing_line_pattern 3-17
gpr_%ing_linestyle 3-18f
gpr_$ing_raster_op_prim_set 11-6
gpr_S%ing_raster_ops 11-6
gpr_$ing_space_size 4-6
gpr_%ing_text 4-2
gpr_$ing_text_extent 4-8
gpr_$ing_text_offset
gpr_$ing_text_value 6-7
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gpr_$ing_visible_buffer 5-14ff
gpr_$ing_vis_list 10-4
gpr_$ing window _id 7-6
gpr.ins 2-1f
gpr_S$keystroke event 7-1
gpr_S$left window event 7-2
gprlib 1-1
gpr_S$line 3-3f, 6-7, 9-1f
gpr_$load_font_file 4~1ff
gpr_$locator event 8-2, 8-5
gpr_$locator events 7-2ff
gpr_$move 3-2, 3-4
gpr_$multiline 3-6
gpr_$multitrapezoid 3-11, E~1
gpr_$multitriangle E-1
gpr_$multitriangles 3-11
gpr_$no_event event 7-2
gpr_%no_more_space error 4-4
gpr_$pgon_decomp_technique E-1
gpr_$pgon_polyline 3-11, 3-13f
gpr_S$pixel blt 5-17ff
gpr_$polyline 3-5
gpr_S$raster_op_prim_set 11-5f
gpr_S$read_pixels 5-24f
gpr_Srectangle 3-11f
gpr_Srelease_display 10-2f
gpr_$remap_color_memory 5-26ff
gpr_S$remap_color_memory_1
5-26ff, D-2
gpr_Sreplicate_font 4-6f
gpr_S$select_color_frame 5-6f, F-2
gpr_S$select_display_buffer 5-14ff
gpr_$set_acq_time_out 10-3
gpr_3$set_attribute_block 5-19ff
gpr_$set_auto_refresh 10-6
gpr_S$set_bitmap S5-14ff, 5-17
gpr_8$set_bitmap_dimensions 5-3,
5-5f
gpr_$set_bitmap_file_color_map
6-14ff
gpr_$set_character_width "4-6f
gpr_$set_clipping_active 9-2
gpr_$set_clip_window 9-2, 10-4f
gpr_$set_color_map 6-11, 6-13,
6-22
gpr_$set_coordinate_origin 3-2
gpr_$set_cursor_active 8-1ff
gpr_$set_cursor_origin 8-4f
gpr_S$set_cursor_pattern 8-1ff
gpr_$set_cursor_position 8-1ff
gpr_$set_draw_pattern 3-17ff
gpr_$set_draw_value 6-7

gpr_$set_draw_width 3-17, 3-19
gpr_$set_fill_background_value
3-151ff
gpr_$set_fill_pattern 3-15ff
gpr_$set_fill_value 3-15ff, 6-7,
6-11
gpr_$set_horizontal_spacing 4-6f
gpr_$set_imaging format D-2, F-1f
gpr_$set_input_sid 7-8
gpr_3$set_line_pattern 3-17ff
gpr_$set_linestyle 3-18f
gpr_$set_obscured_opt 10-3f, 10-6
gpr_8$set_plane_mask 32 9-4f
gpr_S8set_raster_op 11-3
gpr_S$set_refresh_entry 10-6f
gpr_$set_space_size 4-6f
gpr_8$set_text_background_value 6-7
gpr_$set_text_font 4-1ff
gpr_9$set_text_path 4-2, 4-4f
gpr_$set_text_value 6-7
gpr_$set_window_id 7-6f
gpr_$spline_cubic_p 3-10
gpr_$spline_cubic_x 3-10
gpr_$spline_cubic_y 3-10
gpr_$start_pgon 3-11, 3-13f
gpr_S$terminate 2-3
gpr_S$text 4-1ff
gpr_$trapezoid 3-11f, E-1
gpr_S$triangle 3-11f, E-1
gpr_S$unload_font_file 4-2
gpr_$wait_frame 5-2
gpr_S$write_pixels 5-24f
Green 6-2, 6-9

H

Hardware video modes 6-18
HDM

bitmaps 5-3ff

pointers to 5-27f

conflict with fonts 4-4

per node D-1
Hidden Display Memory (see HDM)
Hidden_memory_bitmaps program

in C B-18

in FORTRAN C-19f

in Pascal 5-4f
High-level I/0 Commands 10-8
High_level_input program

in C B-56

in FORTRAN C-61

in Pascal 10-9
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Imaging mode F-1f
Include files 2-1f
init routine 2-3ff
Initializing a GPR program 2-2f
Input events 7-1ff
Input in the input pad 10-8f
Input stream 7-8
Ing_bm_ptrs_in_disp_mem program
in C B-31
in FORTRAN C-36
in Pascal 5-27f
Ing_bm_ptrs_in_hdm program
in C B-32f
in FORTRAN C-37
in Pascal 5-29f
Ing bm_ptrs_in_main_mem program
in C B-30
in FORTRAN C-35
in Pascal 5-26f
Insert files 2-1f
Interactive mode F-1f
Intersecting_lines program
in C B-57
in FORTRAN C-62
in Pascal 11-3
Invisible bitmap 5-13ff

kbd.ins 7-2
Keyboard events 7-1f

/lib/gprlib 1-1
Limitations D-2
Linear ramp color map 6-20
Lines 3-3ff
color of 6-8
dashed 3-17ff
pattern 3-17
style 3-17
width of 3-17, 3-19
Lines_in_true_color program
in C B-41
in FORTRAN C-46
in Pascal 6-22f

Locator_events program
in C B-44
in FORTRAN C-49
in Pascal 7-5

M

Magenta 6-10
Magnification of pixels 6-23
Main memory bitmaps 5-8
pointers to 5-26f
Main_memory_bitmaps program
in C B-20 '
in FORTRAN C-22f
in Pascal 5-9
Masking 9-1ff
Masking program
in C B-52
in FORTRAN C-57
in Pascal 9-5
Modifiable_fonts program
in C B-17
in FORTRAN C-18
in Pascal 4-7
Modifying fonts 4-6f
Monitor
color 6-2
Monochromatic
bitmaps 5~3
color map 6-14
display memory 6-3
Mouse events 7-2f
Moving bitmaps 5-17ff
Multiple lines 3-6
my_common_block.ftn 2-8f, C-2
my_ftn_routines.ftn 2-8f, C-1f
my_include_file.c include file 2-6f,
B-2
my_include_file.pas 2-4f
my_include_file.pas include file 2—-4f

N

No more space error 4-4
Node-dependent data D-1f
No-display mode 2-12
Nonblinking cursor 8-1
Nondefault_cursor_example program
in C B-47f
in FORTRAN C-52f
in Pascal 8-3f
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Obscured windows 10-3ff

P

Pad calls 1-2
Pascal
include files 2—-1f, 2—4f
pause routine 2-3ff
Pixel-oriented bitmaps 5-10ff
Pixel_oriented__bitrriaps program
in C B-21f
in FORTRAN C-24ff
in Pascal 5-11ff
Pixels 5-3
planes 6-3ff
replication 6-23
Plane masks 9-4

Plane-oriented bitmaps 5-10f,
6-15ff

Plane_oriented_bitmap program
in C B-38ff
in FORTRAN C-43ff
in Pascal 6-15ff
Planes 6-3ff
inquiring 2-3
per node D-1
Pointers to bitmaps 5-26ff
Polygons 3-11f
Polygons program
in C B~11
in FORTRAN C-11
in Pascal 3-14
Primary bitmap 5-13ff
Primary colors 6-2
PRINT 10-8
printf 10-8
Printing strings 4-1ff
Programs
acquire_release 10-2
arcs_example 3-9
attribute_blocks 5-20f
blts 5-18f
circles_example 3-7
clipping 9-3
color_circles 6-11
connected_lines 3-5
disconnected_lines 3-6
double_buffer_example 5-15ff

draw function (in
refresh_example) 10-7

getting_started_with_gpr 2-5
gpr_in_multiple_windows 7-7f
hidden_memory_bitmaps 5-4f
high_level_input 10-9
ing_bm_ptrs_in_disp_mem 5-27f
ing_bm_ptrs_in_hdm 5-29f
ing_bm_ptrs_in_main_mem 5-26£
intersecting_lines 11-3
lines_in_true_color 6-22f
locator_events 7-5
main_memory_bitmaps 5-9
masking 9-5
modifiable_fonts 4-7
nondefault_cursor_example 8-3f
pixel_oriented_bitmaps 5-11ff
plane_oriented_bitmap 6-15ff
polygons 3-14
raster_op_categories 11-6
raster_ops_in_blts 11-4f
read_write_pixels 5-25
refresh_example 10-7
restore_color_table 6-13f
set_the_decomposition_technique
E-14
setting_colors_in_figs 6-8
simple_events 7-4
simple_lines 3-4
simple_text_example 4-2
spline_example 3-10f
text_direction 4-5
three_fonts 4-3f
tile_pattern 3-16
toggling_display_frames 5-7
tracking_the_cursor 8-6f
triangle_rectangle_trapezoid 3-12
triangle_technique E-15ff
widths_and_patterns 3-18f
writing_in_obscured_windows
10-5
zooming 6-24
Pseudo~color 617

R

Rainbow effect 5-10
Raster operations 11-1ff
categories 11-5f
inquiring 11-6
Raster system tutorial 5-3
Rasterization E-2
Raster_op_categories program
in C B-59
in FORTRAN C-64
in Pascal 11-6
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Raster_ops_in_blts program Simple_text example program

in C B-58 in C B-14

in FORTRAN C-63 in FORTRAN C-15

in Pascal 11-4f } in Pascal 4-2
Reading pixels to arrays 5-24f Size of strings 4-8
Readln 10-8 Slots in color map 6-9
Read_write_pixels program SMD calls 1-2

in C B=29 Spline_example program

in FORTRAN C-34 in gOBR_TgRAN o

in Pascal 5-25 mn -

Spli 3-10f
Refresh frequency 5-2 pines

Rt | o6t Strings
e .res procedures 10— height of 4-8
in double-buffers 10-8 length of 4-8

in true-color 6-19 writing 4-1£f

Refresh_example program Style of line 3-17ff
in C B-55 /sys/dm/color_map 6-9
in FORTRAN C-60
in Pascal 10-7 T

Releasing the display 10-2ff
Render-exact technique E-7ff
Restore_color_table program

in C B-36f

in FORTRAN C-36f

in Pascal 6-13f

Target node

inquiring 2-3
Terminating a GPR program 2-3
Text 4-1ff

color value 6-7
Text_direction program

RGB modes 6-18f in C B-16
color map 6-20 in FORTRAN C-17
in Pascal 4-5
S Three_fonts program
in C B-15
Scan lines 5-3 in FORTRAN C-16
scanf 10-8 in Pascal 4-3f
Set_the_decomposition_technique Tile patterns 3-15ff
program Tile_pattern program
in C B-60 in C B-12
in FORTRAN C-65 in FORTRAN C-12f
in Pascal E-14 in Pascal 3-16
Setting_colors_in_figs program time.Ins 2-2
in C B-34 Time-outs 10-3

time_$wait 2-2
Toggling display frames 5-7
Toggling_display_frames program

in FORTRAN C-39f
in Pascal 6-8
Shading 6-17

in C B-19

Simple_events program in FORTRAN C-21

in C B-43 in Pascal 5-7

in FORTRAN C-48 Total plane value 6-4f

in Pascal 7-4 Tracking_the_cursor 8-6
Simple_lines program Tracking_the_cursor program

in C B-4 in C B-49f

in FORTRAN C-4 in FORTRAN C-54f

in Pascal 3-4 in Pascal 8-6f
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Translating pixels to arrays 5-24f
Trapezoid decomposition E-2ff
Triangle decomposition E-2ff
Triangle rectangle_trapezoid
program

in C B-10

in FORTRAN C-10

in Pascal 3-12
Triangle_technique program

in C B-61ff

in FORTRAN C-66ff

in Pascal E-~15ff
True—-color 6-17ff
Twenty four planes 6-17ff

U
Unloading fonts 4-2

\Y

Video modes of the DN590 6-18
Visible bitmap 5-13ff

Visible memory per node D-1
Visible portions of a window 10-4f

w

White 6-10
Wide lines 3-17
Widths_and_patterns program
in C B-13
in FORTRAN C~14
in Pascal 3-18f

Windows
ID of 7-6f
input events in 7-6f
obscuring 10-3ff
Writeln 10-8
Writing pixels from arrays 5-24f
Writing strings 4-1ff
direction 4-4f
length of 4-8

Writing_in_obscured_windows
program

in C B-54
in FORTRAN C-59
in Pascal 10-5

X
X-coordinate 3-2

Y
Y-coordinate 3-2
Yellow 6-19

Z

Zooming 6-23f
Zooming program
in C B-42
in FORTRAN C-47
in Pascal 6-24
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