
























































































































































































































































































































































































































































































































































































































































GMR_$COORD_LDC_TO_DEVICE converts GMR’s logical device coordinates to device
coordinates. The GPR y coordinate is calculated by rounding the result of subtracting the
3D GMR “device” y coordinate from the 3D GMR “max device” y coordinate. The GPR x
coordinate is calculated by rounding the 3D GMR “device” y coordinate.

Event processing

GMR uses GPR’s event processing internally. This means that a 3D GMR event loop
should not be used within a GPR loop, and vice versa. It is acceptable to use either one.
The 3D GMR coordinate information can be obtained from the GPR coordinates through
the use of the GMR_$COORD_?* routines. The 3D GMR package does not return the
character indicating which pad or pane had the event.
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Chapter 14
Output

This chapter describes the routines used to generate hard-copy output of the display or of
a particular viewport on printers that support POSTSCRIPT™.

14.1 Printing

Routines:

GMR_$PRINT_DISPLAY
GMR_$PRINT_VIEWPORT

The print routines enable you to get hard-copy output of the entire 3D GMR display or of
a single viewport. This output must be on a printer that supports POSTSCRIPT. For
example, two printers that support POSTSCRIPT are the Genicom Model 3404 dot matrix
printer with optional POSTSCRIPT license and the Apple LaserWriter.

The procedure for creating and printing a POSTSCRIPT file is as follows:

1. At display time, use GMR_$PRINT_DISPLAY or GMR_$PRINT_VIEWPORT to create a
POSTSCRIPT file.

2. Use the PRF command to output the POSTSCRIPT file to a printer that'supports
POSTSCRIPT.

14-1 Output



GMR_SPRINT_DISPLAY creates a POSTSCRIPT file of the entire 3D GMR display.
GMR_SPRINT_VIEWPORT creates a POSTSCRIPT file of a single specified viewport.

The picture is centered on the paper and fills as much of either the x or y direction as
possible, while maintaining the aspect ratio of the screen display (the ratio of width to
height).

Currently, the picture is always positioned so that the longest side of the paper is vertical.

Examples
The following fragment prepares a POSTSCRIPT file named user/test.plot for output on
8.5 x 11.0 paper: .

GMR_S$PRINT DISPLAY( user/test.plot”, 14, gmr_$postscript, 8.5, 11.0, status);

The following command prints the POSTSCRIPT file:
$ PRF USER/TEST.PLOT -PR < printername > -TRANS

Samples of the output are shown in Figures 14-1 and 14-2. Figure 14-1 is a single
viewport of Sample3 (see Appendices A, B, and C) created by GMR_$PRINT_VIEWPORT.
Figure 14-2 shows the entire display (created by GMR_$PRINT_DISPLAY).

The POSTSCRIPT File

The POSTSCRIPT file is an ASCII file. Do not edit the file unless you are familiar with
POSTSCRIPT. For more information about POSTSCRIPT, refer to the POSTSCRIPT
Language Reference (007765).

Figure 14-1, Output of GMR_$PRINT_VIEWPORT

Output 14-2
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work plane
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exit
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Figure 14-2. OQutput of GMR_$PRINT_DISPLAY
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Appendix A

Sample Pascal Programs

The programs listed here are also listed in Appendices B and C in FORTRAN and C
respectively. These programs are on-line under the names

....... /domain_examples/gmr3d/samplel.pas
........ /domain_examples/gmr3d/sample3.pas

Sample1.pas

Samplel.pas is an example of the basic use of the 3D GMR package. The program
performs the following operations:

1. Creates a structure named “sphere” that contains a polyline sphere.

2. Creates a second structure “spheres” and instances “sphere” three times: each
time using a different transformation (scaling, translating, and rotating the sphere)
and attribute class.

3. Assigns the structure “spheres” to the default viewport and draws it.

4. Inquires the configuration of the device and if the device is a color node, redraws
“spheres” using different colors.

5. Exits the program when the user moves the cursor to the shell input pad and
presses RETURN.

Sample3.pas

Sample3.pas demonstrates picking, the use of multiple viewports, and the use of the work
plane for 3D input. The program displays a teapot in four different views and creates
several views that can be edited.

Sample3.pas creates viewports for the menu and prompt.- However, if your application
uses menus, we recommend that you use DOMAIN/Dialogue to create the menus. Then
you can run 3D GMR within DOMAIN/Dialogue. See the DOMAIN/Dialogue User’s Guide
for more information on DOMAIN/Dialogue.



A.1. Samplel.pas

This program creates an instance of a sphere and draws it.

KRR KR S KK KKK K KRS KK KK KK KK KKK KKK o K K S KK o KK SR KKK S KK ok )
PROGRAM SPHERE;
{ insert files }

%include
%include
%include
%include

“/sys/ins/base.ins.pas’;
/sys/ins/error.ins.pas”;
’/sys/ins/pfm. ins.pas”’;
’/sys/ins/gmr3d.ins.pas’;

{ constant variables }

CONST

MAX_SPHERE_SECTION
MAX_CIRCLE_SECTION
= 3.1415926535;

PI

128;
= 128;

{ global variables }

CHAR;
[1024,1024];

_—r— e W

VAR
sph : ARRAY [O

ARRAY [O

of gmr_$£f3_vector_t;
sph_siz INTEGER;
cir_siz INTEGER;
status status_$t;
str : ARRAY [1 100] OF
bitmap_size: gmr_$i2 point_t :=
plane_cnt INTEGER := 8;
config gmr_$display_config_
char_name_cnt: INTEGER;
file_id gmr_$file_id_t;
sphere_id gmr_$structure_id_t;
spheres_id gmr_S$structure_id_t;
mat - gmr_$4x3_matrix t;
aclassl gmr_Saclass_id_t :=
aclass2 gmr_S$aclass_id_t :=
scalel gmr_$£3_vector_t :=
scale2 gmr_$£3_vector_t :=
rotatel gmr_$£f3_vector_t :=
rotate2 gmr_$£3_vector_t :=
transl gmr_3$£f3_vector_t :=
trans2 gmr_$£f3_vector_t :=
vpid gmr_$viewport_id_t;
ablockl : gmr_$ablock_id_t;
ablock2 . gmr_$ablock_id_t;
colorl gmr_$color_id_t := 1;
color3 gmr_$color_id_t := 3;

t .

1

o O

[o N oG B o

)

o+ NOO
W = = W

.

-0.2,

{ The number of z sections of the

. MAX“SPHERE_SECTION - 1] OF
MAX_CIRCLE_ SECTION - 1]

0.5};
0.6];
4.4];
1.4];
0.3]1;

sphere }

{ The number of lines in a circle in a section }

Status return variable
Place keeper for ending
The bitmap size

The returned file ID

Composite spheres ID

R e e T e T e T e W aoe B e Wi

Number of planes to use

The returned structure ID

Matrix used for modelling

The actual number of sections
The actual number of line/circle

Return config var for the node
Number of chars in a string name

Special aclasses used in demo

{ Special scaling for demo }

{ Nonuniform scaling here }

{ Rotations about the axis }

{ Translation for demo

-0.5]);

{ viewport ID number

}

}

{ Ablock IDs used for demo }

{ colors used

}
}

}
}
}

{ The array for the sphere }

}
}
}
}
}
}
}
}

~
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color4 : gmr_$color_id_t

il
'S

color7 : gmr_$%color_id_t := 7;
full _inten : gmr_S$intensity_t := 1.0;
num_planes : gmr_$i_t;

size : gmr_$i2_point_t;

%EJECT;

{ Full intensity }

{***************************************}

PROCEDURE check;

checks the status and exits if an error occurs

IF (status.all <> gmr_$operation_ok) THEN

{
function:
}
BEGIN
BEGIN
writeln
END;
END;
%EJECT;

( “status in module example:
pfm_$error_trap( status );

status.all );

{***************************************}

integer);

{ Loop control variables }
{ Current radian angle for circle }
{ The circle radius and z component }

PROCEDURE gen_sphere (IN cir_sec, sph_sec
{
function:
generates points for a sphere
parameters:
cir_sec - the number of points for determining a circle of latitude
sph_sec - the number of circles for the sphere
}
VAR
i,J integer;
radians : double;
radius,z real;
BEGIN

{ For all sections do }
FOR i := 0 TO sph_sec-1 DO

BEGIN

{ compute z from -1 to 1 and determine the radius. }

z = =1,

radius

0 + 2.0*i/(sph_sec-1);
i= sqrt (1.0 - (z*z));

{ For all line segments of the circle compute x and y. }

FOR j
BEGIN

:= 0 TO cir_sec - 1 DO



radians

=2

sph[i]l [j].x

sph[il[j].y :

sph[i]l [j].z

END ;
END;
END; { procedure }

%EJECT;

{***************************************}

.0*%PI*j/cir_sec;
:= radius*cos(radians);

z;

PROCEDURE make_sphere_instance

{

function:

radius*sin(radians);

( IN cir_sec, sph_sec : integer );

generates an instance of a polyline sphere

parameters:

cir_sec — number of points per section
sph_sec — number of sections of the sphere

VAR

pts : ARRAY [0..5] of gmr_$£f3_point_t;
i,j,m : integer;

BEGIN

{ array to send to GMR }
{ loop controls }

{ For all sections, connect adjacent two to form polylines. }
sph_sec - 2 DO

FOR i := 0 TO
BEGIN

FOR j := 0
BEGIN
pts[0].
pts[O].
pts[O0].
ptsi4].
ptsi4].
pts[4].
m:=j
IF (m >
m :
pts[1].
pts([1].
pts[l].
ptsi2].
pts[2].
pts([2].
pts[3].
pts(3].
pts[3]

END;
END;
END; { procedure }

TO

+ N <d X N < X%

I

WX N K NN

L L=
gmr_$£3_poly

cir_sec - 1 DO

sph[il[3].x;
sph(il [j].¥;
sph{il[j]l.z;
sph[il [J].x;
sph[il [J].¥;
sph[il [j].z;

cir_sec) THEN

0;

sph[i] [m].x;
sph[i] [m].y;
sph{i] [m].z;

sphli
sphii
sph(i
sph[i
sphli

= sph[i

line(

+

+
+
+
+
+
S,

1] [m].
1} [m].
1} (m].
11131.
11131.
111031

pts,

FALSE,

A-4

status ); check;

@



%EJECT;

{***************************************}

PROCEDURE create_instance

( IN struc_id : gmr_$structure_id_t;
IN scale : gmr_$£3_vector_t;
IN rotate : gmr_$£3_vector_t;
IN trans : gmr_$£3_vector_t
)
{
function:
create a modeling transformation and an instance of a structure
}
VAR
matl : gmr_$4x3_matrix_t;
BEGIN

{ do scaling, rotation, and translation }
gmr_$4x3_matrix_scale(gmr_$mat_replace,scale,matl,status);
gmr_$4x3_matrix_rotate(gmr_S$mat_post_mult,gmr_$x_axis,rotate.x,matl,status);
gmr_$4x3_matrix_rotate(gmr_$mat_post_mult,gmr_$y_ axis,rotate.y,matl,status);
gmr_$4x3_matrix_rotate(gmr_$mat_post_mult,gmr_$z_axis,rotate.z,matl,status);
gmr_3$4x3_matrix_translate(gmr_S$mat_post_mult,trans,matl,status);
{ create instance }
gmr_$instance_transform(struc_id,matl,status); check;

END; { PROCEDURE }

%EJECT;
{***************************************}

PROCEDURE draw_view

( IN struc_id : gmr_$structure_id_t;
IN vpid : gmr_S$viewport_id_t
)i
{
function:
draw a structure in a viewport
}
BEGIN

gmr_$viewport_set_structure (vpid, struc_id, status ); check;
gmr_$viewport_clear( vpid, status ); check;
gmr_$viewport_refresh( vpid, status ); check;

END; { PROCEDURE }

%EJECT;
[ % % ® &% Kk % Kk K Kk K K Kk K K Kk K Kk K K K K K Kk X ok K K Kk K K K K ok K ok X K )

BEGIN
{ arbitrarily chose 21 and 25 }
sph_siz := 21;
cir_siz := 25;



{ Initialize the package and try to open the file. }
gmr_$init ( gmr_$direct, stream_$stdout, bitmap_size,
plane_cnt, status ); check;

char_name_cnt := 14;
gmr_$file_open ( “example_gmfile”, char_name_cnt, gmr_$wr, gmr_$lw,
file_id, status );

{ If couldn‘t open, create a new one. }
IF ( status.all <> gmr_$operation_ok ) THEN
BEGIN
gmr_$file _create ( “example_gmfile’, char_name_cnt, gmr_S$overwrite,
gmr_$1w, file_ id, status ); check;

{ create a sphere structure. }

char_name_cnt := 6;

gmr_$structure_create ( “sphere’, char_name_cnt, sphere_id
, status ); check;

gen_sphere (cir_siz,sph_siz);

make_sphere_instance(cir_siz,sph_siz);

gmr_$structure_close (TRUE, status); check;

{ Create a composite of spheres. }

char_name_cnt := 7;

gmr_$structure_create ( “spheres’, char_name_cnt, spheres_id
, status ); check;

gmr_$file_set_primary_structure(spheres_id, status); check;

{ Make the first as is. }

gmr_$4x3_matrix_identity(mat,status);

gmr_8$instance_transform(sphere_id,mat,status); check;

{ make the next two with aclass bindings and modeling transformations }

gmr_S$attribute_source(gmr_S$attr_line_color, gmr_$attribute_aclass,

status); check; '

gmr_$aclass(aclassl,status); check;

create_instance(sphere_id,scalel,rotatel,transl);

gmr_S$aclass(aclass2,status); check;

create_instance(sphere_id, scale2,rotate2, trans2);

gmr_$structure_close (TRUE, status); check;

END
ELSE
{ Because the file existed, get the ID of the sphere structure. }
BEGIN
char_name_cnt := 7;

gmr_$structure_inqg_id(“spheres’,char_name_cnt, spheres_id, status); check;
END;
{ connect the structure to the default viewport and draw it. }

vpid := 1;
draw_view(spheres_id,vpid);
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END.

gmr_$inq_config( gmr_$direct, stream_stdout, num _planes, size, status);

{ Add other colors if not b/w, and redraw. }

IF (num_planes > 1) THEN
BEGIN
gmr_3$viewport_set_bg_color(vpid,color3, full_inten,status); check;
gmr_$ablock_create (gmr_$default_ablock,ablockl,status); check;
gmr_S$ablock_assign_viewport (aclassl,vpid,ablockl, status); check;
gmr_$ablock_set_line_color(ablockl,color4,gmr_$set_value_and_enable,

status); check; :

gmr_$ablock_create(gmr_$default_ablock,ablock2,status); check;
gmr_$ablock_assign_viewport (aclass2,vpid,ablock2, status); check;
gmr_3$ablock_set_line_color(ablock2,color7,
gmr_$set_value_and_enable,status); check;
draw_view(spheres_id,vpid);
END;

{ wait here until carriage return. }

readln(str);

{ Clean up and exit. }
gmr_$file_close ( TRUE, status ); check;
gmr_$terminate ( status ); check;



‘A.2 Sample3.pas

This sample program demonstrates picking, the use of multiple viewpofts, and the use of C
work planes for input in 3D. A teapot is displayed in four viewports, each with different ~
viewing parameters.

The user can set the picking level:

level 1

entire teapot

level 2

top or base
level 3 = knob, cover, pot, spout, or base

The user can set the highlighting method: bounding box (must be used for black and
white) or color (highlights in a different color).

The user can set the work plane. The cursor position determines two coordinates and the

work plane determines the third coordinate. Once a structure is picked, it can be deleted .
or moved. If the move menu item is chosen, the user is prompted to indicate the new -
location. N

{**********************************************************************}

PROGRAM pick_demo;

%NOLIST;
%INCLUDE ‘/sys/ins/base.ins.pas’;
%INCLUDE ‘/sys/ins/time.ins.pas’; N
%INCLUDE ‘/sys/ins/error.ins.pas”; \\
%INCLUDE ’/sys/ins/pgm.ins.pas’; —
%INCLUDE “/sys/ins/gmr3d.ins.pas”;
%INCLUDE “sample3 pts.ins.pas”; { This data file comes on-line with the

the 3D GMR package. It is supplied

specifically for this sample program. }
%LIST;

TN

%EJECT; &\
CONST

menu_xmin = 0,025; {Menu area in Logical Device Coordinates}
menu_xmax = 3.0.;
menu_ymin = 0.090;
menu_ymax = 0.990;

wind_xmin = 0.0; {Wwindow for each menu button}
wind_xmax = 30.0;
wind_ymin = 0.0;
wind_ymax = 10.0;

num_buttons = 10;
num_views = 4;



VAR

J . integer;

status : status_$t;

bitmap_size : gmr_$i2 point_t := [1024,1024];
num_of_planes :ogmr_$i_t;

first_msg : boolean;

menu_item : integer;

prev_menu_item : integer;

ablockl,
ablock?2,
ablock3,
ablock4 : gmr_$ablock_id_t;

button_struct_name : ARRAY [1..num_buttons] OF name_S$pname_t :=
[“buttonl “, “button2 “, “button3 -,
“buttond4 “, “button5 °, “button6 -,
“button7 “, “button8 “, ‘button9 -,

‘buttonlo’];
button_text : ARRAY [1..num buttons] OF gmr_$string_t := [“new teapot”,
‘work plane”,
“move ‘,
‘delete ‘,
“box -
‘color ‘,

“level 1 ‘,
level 2 -,
“level 3 ‘,
‘exit ‘1

main_id,

pot_id,

handle_id,

spout_id,

knob_id,

cover_id,

base_id,

top_id,

teapot_id : gmr_S$structure_id_t;
button_id : ARRAY ([1..num_buttons] OF gmr_S$structure_id_t;
message_id : gmr_$structure_id_t;



{ Cursor pattern info: }

cursor_pos : gmr_$£f3_point_t [0.80, 0.40, 0.00];

cur_style : gmr_$cursor_style_t 1= gmr_$bitmap;

cur_size : gmr_$i2_point_t [15, 15];

cur_offset : gmr_$i2_point_t [8,8];

cur_pattern : gmr_$cursor_pattern_t [2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#1111111111131111,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000,
2#000000010000000] ;

%EJECT,;
{ Viewing parameters to associate with the menu viewport }

button_vpid : ARRAY [1..num buttons] OF gmr_$viewport_id_t;
menu_vp_ldc : gmr_$£3_limits_t;
menu_border : gmr_$border_width_t
menu_window : gmr_$£f2_limits_t
wind_ymax];

menu_normal : gmr_$£3_vector_t

(2, 2, 2, 23;
(wind_xmin, wind_xmax, wind_ymin,

[ 0.000, 0.000, 1.000];

{ Viewing parameters to associate with the teapot viewport }
{ view_vp_ldc sets xmin, xmax, ymix, ymax, zmin, and zmax }

view_vpid : ARRAY [1..num views] OF gmr_$viewport_id_t;

view_vp_ldc : ARRAY [1..num_views] OF gmr_$f3 limits_t :=
[{0.175, 0.575, 0.545, 0.980, 0.0, 1.01,
[0.585, 0.975, 0.545, 0.980, 0.0, 1.0},
{0.175, 0.575, 0.100, 0.535, 0.0, 1.01,
[0.585, 0.975, 0.100, 0.535, 0.0, 1.011;

view_border : gmr_$border_width_t := [1, 1, 1, 1];
tea_window : gmr_$f2_limits_t = [-3.000, 3.000, -3.000, 3.000};
tea_proj : ARRAY [1..num_views] OF gmr_S$projection_t :=

[gmr_$orthographic, gmr_S$orthographic,

gmr_$orthographic, gmr_$perspective];

tea_ref : ARRAY [1..num_views] OF gmr_$£f3_vector_t :=
[[0.000, 0.000, 0.500],
[0.000, 0.000, 0.500]},
[0.000, 0.000, 0.500],
[-5.00, 15.00, 5.000]];

tea_normal : ARRAY [1..num_views] OF gmr_$£f3_vector_t :=
[[0.000, 0.000, -1.00],
[0.000, -1.00, 0.000},
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[-1.00, 0.000, 0.000],
[5.000, -15.0, —4.50]11];
tea_up ¢ ARRAY [1..num_views] OF gmr_$f3_vector_t :=
[[1.000, 0.000, 0.000},
[0.000, 0.000, 1.000},
[0.000, 0.000, 1.000],
[0.000, 0.000, 1.00011];

tea_hd : ARRAY [1..num_views] OF real :=
{-50.0, -50.0, -50.0, 1.0];

tea_vd : ARRAY [1..num views} OF real :=
[0.0, 0.0, 0.0, 12.0];

tea_yd : ARRAY [1..num views] OF real :=

[50.0, 50.0, 50.0, 50.0];
%EJECT;

{ Viewing parameters for message viewport }

message_vpid : gmr_$viewport_id_t;
message_vp_ldc : gmr_$£f3_limits_t := [0.025, 0.975, 0.025, 0.075, 0.0, 1.0];
cur_msg : integer;

{ Colors for defining ranges }

blue_g : gmr_$rgb_color_t := [0.00, 0.50, 1.00];
dark_bg : gmr_$rgb_color_t := [0.00, 0.25, 0.50];

{ Pick information }

cur_pick path : gmr_$instance_path_t;
no_last_pick : boolean := TRUE;
last_hl_vp ¢ gmr_$viewport_id_t;
level :gmr_$i_t := 3;
cur_level : ogmr_$i_t;

{ Cumulative transformation matrix (cmt) for each instance }

base_ctm : gmr_$4x3_matrix_t;
top_ctm : gmr_3$4x3_matrix_t;
pot_ctm : gmr_3$4x3_matrix_t;
spout_ctm T gmr_$4x3_matrix_t;
handle_ctm :-gmr-$4x3_matrix_t;
cover_ctm : gmr_$4x3_matrix_t;
knob_ctm : gmr_$4x3_matrix_t;
teapot_ctm : gmr_$4x3_matrix_t;
%EJECT;
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{**************************************************************************

CHECK

This routine prints out the error code returned from a GMR call.

* X X X %

*************************************************************************}

PROCEDURE check;
BEGIN

IF (status.all <> status_$ok) THEN
error_$print (status);

END;
%EJECT;
{**************************************************************************
INIT
This routine prompts you for the display mode -- borrow or direct.

*
*
b 3
* It then initializes GMR and inquires the configuration. This determines
* which colors are set and whether double buffer mode can be used.

*

E 3

************************************************************************}

PROCEDURE init;

VAR mode : string;
file_id : gmr_$file_id_t;
display_mode : gmr_$display_mode_t;
picked : boolean;
i : integer;

BEGIN

write(“Type B for Borrow mode, D for Direct mode: “);

REPEAT
picked := TRUE;
readln(mode) ;

CASE (mode[1l]) OF

’
1

(“B%)
(“b’) : display _mode
(’D")

gmr_$borrow;

‘TN’

(‘d”) : display_mode gmr_3$direct;
OTHERWISE
BEGIN
write (INVALID ANSWER. Type B for Borrow mode, D for Direct mode:
picked := FALSE;
END;

A-12

)

N



0

END;
UNTIL (picked = TRUE);
writeln;
gmr_$init (display_mode, stream $stdout, bitmap_size, 8, status); check;
gmr_$file create(’gmfile.pick”, 11, gmr_$overwrite, gmr_$1lw, file_id,

status); check;

gmr_$inq_config(display_mode, stream $stdout, num_of planes, bitmap_size,
status); check;

END;
%EJECT;

{**************************************************************************

DISPLAY_VIEWPORT

* K X X ¥

This routine displays the viewport with ID vpid.
*

*************************************************************************}

PROCEDURE display_viewport (IN vpid: gmr_$viewport_id_t);
BEGIN

gmr_$viewport_clear(vpid, status); check;
gmr_$viewport_refresh(vpid, status); check;

END;

%EJECT;

{***************************************************************************

INIT_MESSAGE

the menu viewport Different messages are displayed by "scrolling" the

k3
E 3
* This routine initializes the menu structure and the viewing paramters for
x
* message window.

*************************************************************************}

PROCEDURE init_message;

VAR
pos : gmr_$£3_point_t;
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BEGIN

1

pos.x 3.0
0.0;

pos.z

gmr_$structure_create(“message’, 7, message_id, status); check;
gmr_S$text_color (7, status); check;

gmr_$text_height (4.0, status); check;

gmr_$text_slant (0.5, status); check;

pos.y := 3.0;
gmr_$text(“button 1 or key m: MENU button 2 or key p: PICK’, 50, pos,
status); check;

pos.y := 13.0;

gmr_$text (“Pick new location in any view with button 2 or key p’, 52, pos,
status); check;

pos.y := 23.0;

gmr_$text (“Pick point on work plane in any view with button 2 or key p”, 59,
pos, status);

pos.y := 33.0;

gmr_$text (“Must pick structure first.”, 26, pos, status); check;

gmr_$structure_close(TRUE, status); check;

gmr_$viewport_create(message_vp_ldc, message_vpid, status); check;

gmr_$viewport_set_border (message_vpid, menu_border, TRUE, 3, 1.0, status);
check;

gmr_$viewport_set_bg color (message_vpid, 2, 1.0, status); check;

gmr_$view_set_view_plane_normal (message_vpid, menu_normal, status); check;

gmr_S$viewport_set_structure(message_vpid, message_id, status); check;
END;

%EJECT;
{**************************************************************************
*

* DISPLAY MESSAGE

This routine displays message message_no by setting the appropriate window.

* ¥ *

*
*************************************************************************}

PROCEDURE display message(IN message no: integer);
VAR

message_window : gmr_$£f2_ limits_t;
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BEGIN

TN cur_msg := message_no;
message_window.xmin := 0.0;
message_window.xmax := 180.0;

message_window.ymin :
message_window.ymax :

(message_no — 1) * 10.0;
message_window.ymin + 10.0;

gmr_$view_set_window(message_vpid, message_window, status); check;
display_viewport (message_vpid);

END;
%EJECT ;
{*****************************************************************************
CREATE_MENU_STRUCTURE
This routine creates a structure for each of the buttons in the menu.

Aclassl is associated with the structure. Text for each button label is

*
*
L 3
*
%
* inserted into the structure.
*

*

************************************************************************}

PROCEDURE create_menu_structure;

/'\> VAR
K\,/ pos : gmr_3$f3_point_t;
i : integer;
BEGIN
pos.x := 3.0;
pos.y := 4.0;
pos.z := 0.0;
{’\\ FOR i := 1 TO num_buttons DO
/
BEGIN
gmr_3$structure_create(button_struct_name{i], 8, button_id[i], status);

check;
gmr_Sattribute_source(gmr_attr_text_height, gmr_$attribute_aclass,
status); check;
gmr_$attribute_source(gmr_attr_text_slant, gmr_$attribute_aclass,
’ status); check;
gmr_Sattribute_source(gmr_attr_text_color, gmr_$attribute_aclass,
status); check;
gmr_$aclass(l, status); check;
gmr_$text (button_text[1], 10, pos, status); check;
gmr_$structure_close(TRUE, status); check;
END;

O
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%EJECT ;
{**************************************************************************

INIT MENU_VIEWPORT

This routine creates three ablocks. The first is for unhighlighted menu button
text, the second for italics (from setting the slant attribute), and the third

for highlighted menu text (slanted and a different color).

A viewport is created for each button, the button structure is displayed in the-
viewport, and ablockl is assigned to aclassl for each viewport.

* O X K KX X X X ¥

*
*************************************************************************}

PROCEDURE init_menu_viewport;

VAR
text_height : real;
i : integer;
BEGIN
menu_vp_ldc.xmin := menu_xmin;
menu_vp_ldc.xmax := menu_xmax;
menu_vp_ldc.ymin := 0.90;
menu_vp_ldc.ymax := 0,98;
menu_vp_ldc.zmin := 0.0;
menu_vp_ldc.zmax := 1.0;

text_height := 3.0;

gmr_$ablock_create (gmr_$nochange_ablock, ablockl, status); check;

gmr_$ablock_set_text_color(ablockl, 7, gmr_$set_value_and_enable, status);
check;

gmr_$ablock_set_text_height(ablockl, text_height, gmr_$set_value_and_enable,

status); check;

gmr_$ablock_set_text_slant (ablockl, 0.0, gmr_$set_value_and_enable, status);
check;

gmr_$ablock_set_text_expansion(ablockl, 0.8, gmr_$set_value_and_enable,

status); check;

gmr_$ablock create(ablockl, ablock2, status); check;
gmr_$ablock_set_text_slant (ablock2, 0.5, gmr_$set_value_and_enable,
status); check;

gmr_3Sablock_create (ablock2, ablock3, status); check;

gmr_$ablock_set_text_color(ablock3, 0, gmr_$set_value_and_enable, status);
check;
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FOR i := 1 TO num_buttons DO
BEGIN

gmr_S$viewport_create(menu_vp_ldc, button_vpid[i], status); check;
gmr_$viewport_set_border(button_vpid[i], menu_border, TRUE, 3, 1.0,
status); check;
gmr_$viewport_set_bg_color(button_vpid([i], 2, 1.0, status); check;
gmr_3$view_set_window(button_vpid[i], menu_window, status); check;

gmr_3view_set_view_plane_normal (button_vpid[i], menu_normal, status);
check;

gmr_3viewport_set_structure(button_vpid[i}, button_id{i], status); check;

gmr_$ablock_assign_viewport(l, button_vpid[i], ablockl, status); check;

menu_vp_ldc.ymin
menu_vp_ldc.ymax

menu_vp_ldc.ymin - 0.09;
menu_vp_ldc.ymax - 0.09;

END;
END;
%EJECT ;

{**************************************************************************

INIT_TEAPOT_CTM

structure. Each structure is centered around its origin and its translation

*
*
£ 3
* This routine initializes the ctm (cumulative translation matrix) for each
*
* matrix positions it appropriately.

x*

*

************************************************************************}

PROCEDURE init_teapot_ctm;
BEGIN

gmr_$4x3_matrix_identity(top_ctm, status);
top_ctm[4]1[3] := 0.9;

gmr_3$4x3_matrix_identity(cover_ctm, status);

gmr_$4x3_matrix_identity(knob_ctm, status);
knob_ctm[4] [3] := 0.12;

gmr_$4x3_matrix_identity(base_ctm, status);
gmr_$4x3_matrix_identity(pot_ctm, status);

gmr_$4x3_matrix_identity(spout_ctm, status);
spout_ctm[4][1] := 0.68;
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spout_ctm[4] [3] := 0.18;
gmr_$4x3_matrix_identity(handle_ctm, status);
handle_ctm([4] [1] := -0.76;

handle_ctm([4] [3] := 0.18;

gmr_$4x3_matrix_identity(teapot_ctm, status);

END;

%EJECT;

{****************************************************************

*
*
E 3
*x
*
*
*
*
x
*
*
*
*
*
*
*
%*
*

CREATE_TEAPOT_STRUCTURE

This routine creates the tree of structures to be displayed,
moved, and deleted.
The tree is the following: -

main
I
teapot

/ \
base top

/ | \ / \
spout pot handle knob cover

Each structure is instanced by its parent structure using its ctm.

****************************************************************}

PROCEDURE create_teapot_structure;

VAR

index, i : integer;
BEGIN

gmr_8$structure_create(“pot’, 3, pot_id, status); check;
FOR i := 1 TO 96 DO

BEGIN

index := 4 * (i - 1) + 1;

gmr_$f3 polyline(4, pot[index], FALSE, status); check;
END;

gmr_$structure_close (TRUE, status); check;

gmr_$structure_create(“handle’, 6, handle_id, status); check;
FOR i := 1 TO 32 DO

BEGIN"

index =4 * (1 - 1) + 1;
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gmr_$£f3_polyline(4, handle[index], FALSE, status); check;
END;
gmr_$structure_close (TRUE, status); check;

gmr_$structure_create(’spout”, 5, spout_id, status); check;
FOR i := 1 TO 32 DO
BEGIN
index =4 * (i - 1) + 1;
gmr_$£3_polyline(4, spout[index], FALSE, status); check;
END;
gmr_$structure_close(TRUE, status); check;

gmr_$structure_create(“knob’, 4, knob_id, status); check;
FOR i := 1 TO 32 DO

BEGIN

index (=4 * (1 - 1) + 1; .
gmr_$£f3_polyline(4, knob[index], FALSE, status); check;
END;

gmr_$structure_close(TRUE, status); check;

gmr_$structure_create(“cover’, 5, cover_id, status); check;
FOR i := 1 TO 32 DO
BEGIN
index := 4 * (i - 1) + 1;
gmr_$£f3 polyline(4, cover[index], FALSE, status); check;
END;
gmr_$structure_close(TRUE, status); check;

{* The base is made up of the pot, handle, and spout.

gmr_$structure_create(“base’, 4, base_id, status); check;
gmr_S$instance_transform(pot_id, pot_ctm, status); check;
gmr_$instance_transform(handle_id, handle_ctm, status); check;
gmr_$instance_transform(spout_id, spout_ctm, status); check;
gmr_$structure_close (TRUE, status);

{* The top is made up of the cover and the knob.

gmr_$structure_create(“top’, 3, top_id, status); check;
gmr_$instance_transform(cover_id, cover_ctm, status); check;
gmr_8$instance_transform(knob_id, knob_ctm, status); check;
gmr_$structure_close (TRUE, status);

{* The teapot is made up of the base and the top.
gmr_$structure_create(”teapot”, 6, teapot_id, status); check;
gmr_$instance_transform(base_id, base_ctm, status); check;

gonr_$instance_transform(top_id, top_ctm, status); check;
gmr_$structure_close(TRUE, status);
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{* Main structure which instances teapot —— used for moving *}

gmr_$structure_create(‘main’, 4, main_id, status); check;
gmr_8$instance_transform(teapot_id, teapot_ctm, status); check;
gmr_$structure_close(TRUE, status);

END;

%EJECT;

{**************************************************************************

*
x
E 3
*
]
*

SET_VIEW_PARMS

This routine sets the viewing parameters for the specified viewport.

************************************************************************}

PROCEDURE set_view_parms (IN view : integer);

BEGIN

gmr_$view_set_window(view_vpid[view], tea_window, status); check;
gmr_S$view_set_reference_point(view_vpid([view], tea_ref[view], status); check;
gmr_$view_set_view plane_normal(view_vpid[view], tea_normal[view], status);
check;
gmr_$view_set_up_vector(view_vpid[view], tea_up([view], status); check;
gmr_$view_set_projection_type(view_vpid[view], tea_proj[view], status);
check;
gmr_$view_set_hither_distance(view_vpid[view], tea_hd[view], status); check;
gmr_Sview_set_yon_distance(view_vpid{view], tea_yd[view], status); check;
gmr_$view_set_view_distance(view_vpid([view], tea_vd[view], status); check;

END;

%EJECT;

{**************************************************************************

[ K SR EE 2K 2K BEE N

INIT_VIEWPORTS

This routine initializes each of the four viewports and the viewing parameters
for each viewport. It associates the main structure with each viewport and
sets the work plane to be parallel to the view plane passing through the
origin of the world coordinate system.

*************************************************************************}
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PROCEDURE init_viewports;
VAR

i : integer;
origin : gmr_$f3_point_t;

BEGIN

origin.x := 0.0;

origin.y := 0.0;

origin.z := 0.0;

FOR i := 1 TO num_views DO
BEGIN

gmr_$viewport_create(view_vp_ldc[i], view_vpid[i], status); check;
gmr_$view_set_coord_system(view_vpid([i], gmr_$coord_left, status); check;
gmr_$viewport_set_border(view_vpid[i], view_border, TRUE, 3, 1.0,
status); check;
gmr_$viewport_set_bg_color(view_vpid[i], 2, 1.0, status); check;
set_view_parms(i);
gmr_$viewport_set_structure(view_vpid[i], main_id, status); check;
gmr_3$coord_set_work plane(view_vpid[i], origin, tea_normal[i], status);
END;
END;
%EJECT;
{**************************************************************************

SET_COLORS

This routine initializes the colors for both single- and double-buffer modes.

L R R B Nk 2N R K N 2

ID 1 = text

ID 2 = viewport background
ID 3 = viewport border

ID 4 = menu highlight

ID 5 = pick highlight

*

*************************************************************************}
PROCEDURE set_colors;

BEGIN
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IF num of planes > 1 THEN

BEGIN

{ by default, color map location 7 is white, 3 is green }
gmr_$color_set_range ( 1, 7, 1, status); check;
gmr_$color_set_range ( 4, 7, 1, status); check;
gmr_$color_set_range ( 5, 2, 1, status); check;

{ viewport background color }
gmr_$color_set_range ( 2, 3, 1, status); check;

gmr_$color_define_rgb( 2, dark_bg, dark bg, status); check;

{ viewport border color } ‘
gmr_$color_set_range ( 3, 4, 1, status); check;
gmr_$color_define_rgb( 3, blue_g, blue_g, status); check;

END

ELSE { monochrome node }

BEGIN
gmr_$color_set_range (2, 0, 1, status ); check;
END;

END;

%EJECT;

{**************************************************************************

L K R R R I R

3

*************************************************************************}

SET_CURSOR_AND_INIT_INPUT

This routine enables input for the spacebar (through gmr_$keystroke), the
mouse, bitpad puck, or touchpad (through gmr_$locator) and the mouse or bitpad
puck button (through gmr_ $buttons). The cursor is defined, set to an initial
position, and set active.

PROCEDURE set_cursor_and_init_input;
BEGIN

gmr_$input_enable (gmr_S$keystroke, [CHR(O)..CHR(127)], status);
gmr_$input_enable(gmr_$locator, [], status); check;

gmr_$input_enable (gmr_$buttons, [CHR(O)..CHR(127)], status); check;

gmr_S$cursor_set_position(cursor_pos, status); check;

gmr_S$cursor_set_pattern(cur_style, cur_size, cur_pattern, cur_offset,

status); check;

gmr_S$cursor_set_active(TRUE, status); check;

END;
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%EJECT;
{***********************************************************************t**
INIT PICKING

This routine initializes the ablock to be used for highlghting. It sets the

line color and intensity. It also sets the pick path order, echo method,
highlight attribute block, and pick aperture.

* ¥ O X ¥ ¥

*
*************************************************************************}

PROCEDURE init_picking;
VAR
i := integer;

BEGIN

gmr_$ablock_create (gmr_$nochange_ablock, ablock4, status); check;
gmr_S$ablock_set_line_color(ablock4, 5, gmr_$set_value_and_enable,
status); check;
gmr_$ablock set_line_inten(ablock4, 1.0, gmr_$set_value_and_enable,
status); check;
FOR i := 1 TO num_views DO
BEGIN
gmr_S$viewport_set_path_order(view_vpid[i], gmr_$top_ first, status);
check;
gmr_$instance_echo_set_method(view_vpid[i], gmr_$element_hl_bbox,
status); check;
gmr_$viewport_set_hilight_ablock(view_vpid[i], ablock4, status);

check;
gmr_Spick _set_aperture_size(viewpid{i], 0.01, 0.01, 2.0, status);
check;
END;
END;

%EJECT;

{**************************************************************************

*

*¥ FIND_VIEWPORT
*

* Given a point in ldc, this routine determines which viewport (if any) the
* point is in.

*

*************************************************************************}

FUNCTION find_viewport (IN position : gmr_$f3_point_t; OUT vpid :
gmr_S$viewport_id_t): boolean;
VAR

found : boolean;

BEGIN
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found := TRUE;

IF ((position.x >= 0.175) AND (position.x <= 0.575)) THEN
BEGIN
IF ((position.y >= 0.545) AND (position.y <= 0.980)) THEN
vpid := view_vpid[1l]
ELSE IF ((position.y >= 0.100) AND (position.y <= 0.535)) THEN
vpid := view_vpid[3]

ELSE
found := FALSE;
END
ELSE IF ((position.x >= 0.585) AND (position.x <= 0.975)) THEN
BEGIN

IF ((position.y >= 0.545) AND (position.y <= 0.980)) THEN
vpid := view_vpid[2]

ELSE IF ((position.y >= 0.100) AND (position.y <= 0.535)) THEN
vpid := view_vpid[4]

ELSE
found := FALSE;

END

ELSE
found := FALSE;

find_viewport := found;
END;

%EJECT;

{**************************************************************************

*
*
x
* This routine picks a structure (given a point). It highlights the structure
* picked using the current highlighting method (bounding box or ablock).

*

x

************************************************************************}

PROCEDURE pick(IN position: gmr_$f3_point_t);

VAR
pick_vpid : gmr_S$viewport_id_t;
pick_index : integer32;
pick_data : gmr_$pick data_t;
BEGIN

pick_index := 1;

IF (find_viewport(position, pick _vpid) = FALSE) THEN
RETURN;
IF (no_last_pick = FALSE) THEN
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display_viewport (last_hl_vp);
no_last_pick := TRUE;

gmr_$pick(pick_vpid, position, pick_index, gmr_$pick_data_size, pick_data,
status);

IF ((status.all <> gsr_$no_further_picks) AND
(status.all <> gmr_S$operation_invalid)) THEN
BEGIN ‘
check;
gmr_S$instance_echo(pick_vpid, level, pick data.pick_path, status); check;
no_last_pick := FALSE;
last_hl_vp := pick_vpid;
cur_pick path := pick_data.pick _path;
cur_level := level;
END;

END;
%EJECT ;
~{**************************************************************************
GET_POSITION
This routine waits for the user to pick a position in one of the viewports

using either the second mouse button or the key p. It returns the position
picked in world coordinates.

[ 2R JEE N . 2

*

*************************************************************************}

PROCEDURE get_position(OUT new_pos : gmr_$f3_point_t);

VAR
position : gmr_$£3_point_t;
event : gmr_$event_t;
vpid : gmr_$viewport_id_t;
ch : char;
picked : boolean;
BEGIN

picked := FALSE;
REPEAT

gmr_$input_event_wait (TRUE, event, ch, position, status);
IF (status.all <> gmr_$locator_outside_dev_limits) THEN

check;
IF event = gmr_$locator THEN
BEGIN
WHILE (event = gmr_$locator) DO

BEGIN
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gmr_$input_event_wait (FALSE, event, ch, position, status);
IF (status.all <> gmr_$locator_outside_dev_limits) THEN check;
END;

gmr_$cursor_set_position(position, status); check;

END;

IF (((event = gmr_$buttons) AND (ch = “b”)) OR
((event = gmr_S$keystroke) AND (ch = “p”))) THEN

BEGIN
IF (find_viewport(position, vpid)) THEN
BEGIN
gmr_$coord_ldc_to_work_plane(vpid, position, new_pos, status);
check;
picked := TRUE;
END;
END;

UNTIL (picked = TRUE);
END;
%EJECT ;
{**************************************************************************
NEW_TEAPOT
This rdutine deletes all of the exisitng structures and calls
create_teapot_structure to create a new teapot. It calls init_teapot_ctm to

initialize each ctm (i.e. no structures are moved). The new teapot is
displayed in each viewport.

*O¥ . X X K X X X X

************************************************************************}

PROCEDURE new_teapot;

VAR
i : integer;

BEGIN

gmr_$structure_open(main_id, FALSE, status); check;
gmr_$structure_delete(status); check;

gmr_$structure_open(teapot_id, FALSE, status); check;
gmr_S$structure_delete(status); check;

gmr_$structure_open(base_id, FALSE, status); check;
gmr_$structure_delete(status); check;
gmr_$structure_open(top_id, FALSE, status); check;
gmr_$structure_delete(status); check;
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gmr_$structure_open(cover_id, FALSE, status); check;
gmr_$structure_delete(status); check;
gmr_$structure_open(knob_id, FALSE, status); check;
gmr_$structure_delete(status); check;

gmr_$structure_open(spout_id, FALSE, status); check;
gmr_$structure_delete(status); check;
gmr_$structure_open(handle_id, FALSE, status); check;
gmr_$structure_delete(status); check;
gmr_$structure_open(pot_id, FALSE, status); check;
gmr_$structure_delete(status); check;

init_teapot_ctm;

create_teapot_structure;

FOR i := 1 TO num_views DO
display_viewport (view_vpid[i]);

no_last_pick := TRUE;

END;

%EJECT ;

{***************************************************************************

¥ OX X R X X X X X ¥

E 3

MOVE

This routine moves the picked structure to a new position by instancing it
with a new transformation matrix. This new matrix is the product of two
matrices. The first is the translation matrix computed from the position
picked. The second is the inverse of the product of the matrices used to
instance the structure’s parent structures. All four viewports are displayed
with the structure moved to its new position.

*****************************************************************************}

PROCEDURE move (IN new_pos : gmr_$£f3_point_t);

VAR

i : integer;

m : gmr_$4x3_matrix_t;
m_inv : gmr_$4x3_matrix_t;
trans_mat : gmr_$4x3_matrix_t;
trans_mat_p : gmr_$4x3_matrix_t;
mat_i » gmr_$4x3_matrix_t;
BEGIN

{ Computé product of all matrices used to instance its parent
structures —— m }

gmr_$4x3_matrix_identity(m, status);
FOR i := 1 TO level — 1 DO

BEGIN
gmr_$structure_open(cur_pick path[i].structure_id, FALSE, status); check;
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gmr_$element_set_index(cur_pick _path[i].element_index, status); check;
gmr_$ing_instance_transform(cur_pick_path[i].structure_id, mat_i,

status); check;
gmr_$4x3_matrix_concatenate(mat_i, m, m, status); <j\j
gmr_$structure_close (FALSE, status); check; ol
END;
{ Compute inverse of m —— m_inv }

gmr_$4x3_matrix_invert(m, m_inv, status); check;

{ Compute translation matrix from new position —— trans_mat }
gmr_$4x3_matrix_translate(gmr_$mat_replace, new_pos, trans_mat, status);
{ Instance structure picked with new matrix —- trans_mat * m_inv }

gmr_$structure_open(cur_pick path[level].structure_id, FALSE, status); check; -
gmr_S$element_set_index(cur_pick_path[level].element_index, status); check; (r A

gmr_$4x3_matrix_concatenate(trans_mat, m_inv, trans_mat_p, status);

gmr_$replace_set_flag (TRUE, status); check;

gmr_$instance_transform(cur_pick path[level+l].structure_id, trans_mat_p,
status); check;

gmr_3$replace_set_flag (FALSE, status); check;

gmr_$structure_close (TRUE, status); check;

5

{ Display all four viewports. }

FOR i := 1 TO num_views DO
display_viewport(view_vpid[i]);
no_last_pick := TRUE;

END;

%EJECT; L

{**************************************************************************

*
DELETE

E

*

* Delete erases all of the elements in the structure to be deleted.

*
*************************************************************************}
PROCEDURE delete;

VAR
i : integer;

BEGIN ~
C
A
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gmr_$structure_open(cur_pick_path[cur_level + 1].structure_id, FALSE,
status); check;

gmr_$structure_erase(status); check;

gmr_$structure_close(TRUE, status); check;

FOR i := 1 TO num_views DO
display_viewport (view_vpid[i]);

no_last_pick := TRUE;
END;
%EJECT,;

{**************************************************************************

DO_BUTTON

If the viewport is to be refreshed, set the display flag to true. If

*
*
*
* This routine cases on the button picked and performs the appropriate actions.
*
* you pick exit, set the end_flag to true.

*

*

************************************************************************}

PROCEDURE do_button(IN menu_item : integer; OUT end_flag : boolean);

VAR
i : integer;
clock : time_$clock_t;
new_pos : gmr_$f3_point_t;

BEGIN

clock.low := 125000;
clock.high := 0;

end_flag := FALSE;
CASE menu_item OF

1: {* Display a new teapot. *}
new_teapot;

2: {* Change the work plane. *}
BEGIN
display_message(3);
get_position(new_pos);
FOR i := 1 TO num_views DO
gmr_$coord_set_work_plane(view_vpid[i], new_pos,
tea_normal[i], status); check;
END;
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3: {* Move the structure/element to new location. ¥}
IF (no_last_pick) THEN
display message(4)
ELSE
BEGIN
display_message(2);
get_position(new_pos);
move (new_pos) ;
END;

4: {* Delete an element/structure. *}
IF (no_last_pick) THEN
display_message(4)
ELSE
delete;

5: {* Highlight with a box. *}

BEGIN.
FOR i := 1 TO num_views DO
BEGIN

gmr_$instance_echo_set_method(view_vpid[i], gmr_$element_hl_bbox,
status); check;
END;
time_$wait (TIME_S$RELATIVE, clock, status); check;
END;

6: {* Highlight with a different color. ¥}

BEGIN

FOR i := 1 TO num_views DO
BEGIN :
gmr_$instance_echo_set_method(view_vpid[i],

gmr_$element_hl ablock, status); check;
gmr_$viewport_set_highlight_ablock(view_vpid[i], ablock4,
status); check;

END;

time_$wait (TIME_$RELATIVE, clock, status); check;

END;

7: {* Allow picking at level 1, that is, entire teapot. *}

BEGIN

level := 1;

time_$wait (TIME_S$RELATIVE, clock, status); check;
END;

.8: {* Allow picking at level 2, that is, base or top. *}

BEGIN

level := 2;

time_$wait (TIME_$RELATIVE, clock, status); check;
END;

9: {* ‘Allow picking at level 3, that is pot, spout, handle or cover,
knob. *}
BEGIN
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level := 3;
time_S$wait (TIME_SRELATIVE, clock, status); check;
END;

10: {* exit ¥}
end_flag := TRUE;

END; {case}

END;
%EJECT;
{**************************************************************************
*
* CALC_MENU_ITEM
*
* This routine determines if a menu button is picked and if so, which button.
* It checks the cursor position against the bounds of the menu to accept or
*
*
*
*

reject. If the cursor is in the menu, it determines which button by its
relative position.

******************************************************************f*****}
PROCEDURE calc_menu_item(IN position : gmr_$f3_point_t; OUT menu_item : integer);
BEGIN |
menu_item := O;

IF (position.x >= menu_xmin) AND (position.x <= menu_xmax) AND
(position.y >= menu_ymin) AND (position.y < menu_ymax) THEN

menu_item := num_buttons - TRUNC (((position.y - menu_ymin + 0.01) /
(menu_ymax — menu_ymin)) * num buttons);

END;

%EJECT ;
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{************************************************************************#*
PROCESS_COMMANDS

This routine does the following: When the locator stops moving, it calls
calc_menu_item to determine if it is on a button. If so, it highlights that
button (and unhighlights the previous button picked). This is done by changing
the background color of the viewport and assigning a different ablock to the
viewport (i.e. change to italics to highlight). If a mouse button or the space
bar is pushed and the cursor is on the menu, the action processes the
associated command. After the command is processed, the viewport is refreshed
if the display flag is set to true.

[ 2R BEE R 2N JEE R EE BN NN R S

************************************************************************}

PROCEDURE process_commands;

VAR
end_flag : boolean;
position : gmr_$£f3 point_t;
event : gmr_S$event_t;
ch : char;
BEGIN
menu_item := O;

display message(l);
REPEAT

gmr_S$input_event_wait (TRUE, event, ch, position, status);
IF (status.all <> gmr_$locator_outside_dev_limits) THEN check;

IF event = gmr_$locator THEN
BEGIN

WHILE (event = gmr_$locator) DO {flush the queue}
BEGIN
gmr_8$input_event_wait (FALSE, event, ch, position, status);
IF (status.all <> gmr_$locator_outside_dev_limits) THEN
check; '
END;

gmr_8$cursor_set_position(position, status); check;
prev_menu_item := menu_item;
calc_menu_item(position, menu_item);

IF (menu_item <> prev_menu_item) THEN
BEGIN
IF (prev_menu_item <> 0) THEN
BEGIN
gmr_$ablock_assign_viewport(l, button_vpid[prev_menu_item],
ablockl, status); check;
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display_viewport (button_vpid[prev_menu_item]) ;
END;
IF (menu_item <> 0) THEN

BEGIN

IF (cur_msg <> 1) THEN
display_message (1) ;
gmr_$ablock_assign_viewport (1, button_vpid[menu_item],

ablock2, status); check;

display_viewport (button_vpid[menu_item]);
END;

END;

END;

IF (((event = gmr_$buttons) AND (ch = “a“’)) OR
((event = gmr_S$keystroke) AND (ch = “m”))) THEN
IF (menu_item <> 0) THEN
BEGIN
gmr_$viewport_set_bg_ color(button_vpid[menu_item], 4, 1.0,
status); check;
gmr_3$ablock_assign_viewport(l, button_vpid[menu_item],
ablock3, status); check;
display_viewport (button_vpid[menu_item]);
do_button(menu_item, end_flag);
gmr_$viewport_set_bg_color (button_vpid[menu_item}, 2, 1.0,
status); check;
gmr_$ablock_assign_viewport(l, button_vpid[menu_item],
ablockl, status); check;
display_viewport (button_vpid[menu_item]);
END;

IF (((event
((event
BEGIN
IF (cur_msg <> 1) THEN

display_message(1l);
position.z := 0.0;
pick(position);
END;

1]

gmr_$buttons) AND (ch = “b“)) OR
gmr_$keystroke) AND (ch = “p”’))) THEN

UNTIL end_flag = TRUE;

{* flusk the queue *}

gmr_$input_event_wait (TRUE, event, ch, position, status);

WHILE (event = gmr_S$buttons) DO ’
gmr_$input_event_wait (FALSE, event, ch, position, status);

END;

%EJECT;
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{*************************************************************************

*
* CLOSE
*
* Closes the metafile ‘gmfile.pick’ and terminates gmr.
*
**********#**************************************************************}
PROCEDURE close;

BEGIN

gmr_$file_close(FALSE, status); check;
gmr_$terminate(status); check;

END;
%EJECT;

{**************************************************************************
*

* MAINLINE
*

*************************************************************************}
BEGIN

init;

set_colors;
set_cursor_and_init_input;

init_message;

create_menu_structure; init_menu_viewport;

FOR j := 1 TO num_buttons DO
display_viewport (button_vpid([j]);

init_teapot_ctm;

create_teapot_structure;

init_viewports;

FOR j := 1 TO num_views DO
display_viewport (view_vpid[j]);

init_picking;
process_commands ;
close;

END.
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Glossary

Attribute

Attribute block

Attribute class

Attribute element

Bit plane

Bitmap

Borrow mode

Bounding box

A characteristic of the manner in which a primitive graphic
operation is rendered (for example, line color or text height).

A data structure that holds a collection of attribute values.

A means for referring to a collection of attribute values from
within a metafile. The particular attribute values are defined
in an attribute block. Attribute classes allow you to assign
attributes when rendering structures instead of when building
them.

An element in a metafile that specifies how subsequent
components of the picture are to be drawn and in what colors
and intensities they are to be displayed.

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

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 strings of bits, called pixel values.
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 index into the color table.

One of four 3D GMR display modes. The program borrows
the entire screen from the Display Manager.

A rectangular parallepiped that encloses a structure and all
structures that it instances. The 3D GMR package
automatically maintains a bounding box around each
structure. The bounding box is used to test for clipping,
culling, and echoing.
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Button

Color map

Color map entry

Color map index

Color value

Coordinate systems

Culling

Current element

Current file

Current structure

Device coordinates

A logical input device used to provide a choice from a small
set of alternatives. An example of a physical device of this
type is the selection buttons on a mouse.

A table of color values typically indexed by a pixel value.
Each color value contains red, green, and blue component
values. 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 map
index.

An index to a particular entry in a color map.

The numeric encoding of a color. A color value is stored-in a
color map entry. Each color value consists of three
component values: 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
a real number in the range 0.0 to 1.0, where 0.0 is the
absence of the primary color and 1.0 is the full intensity color.

The five coordinate systems of 3D GMR: modeling
coordinates, world coordinates, viewing coordinates, logical
device coordinates, and device coordinates. See individual
entries.

Limits the display of structures to those that are larger than a
given screen-space area. This is a way of removing structures
from the display that have become too small to be useful (or
too small to be seen clearly).

The element in the current structure currently that you can
inquire about, replace, or delete. When you open a structure,
the first element becomes the current element.

The current element is identified by the element index.

The file in which operations are in progress. The current file
can be changed by selecting another previously opened file or
by opening (creating) an additional file.

The structure currently open for editing.

Used by the particular display device to map the image to the
DM window or screen. The 3D GMR package maps the
modeling coordinates that describe primitive positions and
shapes to device coordinates when it renders the metafile.
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O

O

Direct mode

Display

Display Manager

Display Manager

window

Display mode

Echo

Element

Element index

File

One of four 3D GMR display modes. 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.

noun - The entire monitor screen. verb - To render.
Displaying a structure implicitly includes displaying any
instances of other structures found in that structure.

The program that manages the display and allocates Display
Manager windows.

One section of the display, provided by the Display Manager.
This window does not include the edges reserved by the
Display Manager.

One of four modes for use of the 3D GMR package, selected
when the 3D GMR package is initialized. See Borrow mode,
Direct mode, Main-bitmap mode, and No-bitmap mode.

A method of visually differentiating elements or structures of
interest from all others. You can acheive this visual signal in
two ways:

1. Redrawing the element or subtree with a different color or
linestyle. For this pupose 3D GMR provides a highlighting
attribute block that can override attributes set by individ-
ual attribute elements or other attribute blocks.

2. Drawing a bounding box around the structure or subtree
containing the element of interest.

An echo lasts only until the next viewport clear/refresh
operation. An echo may result in an incorrect picture because
the echoed object is redrawn over existing geometry.

A single, indivisible component of a structure. Elements are
categorized as primitive elements, attribute elements, instance
elements, and tag elements.

An indicator used to keep track of the elements in a structure.
An element index is like a line number in a text file. It
positions you within a structure so that you can insert, delete,
replace, or copy elements.

See Metafile.
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Font

GM bitmap

Handedness

Hither distance in
world coordinates

Input device

Input event

Instance element

Instance path

Instanced structure

One set of alphanumeric and special characters. A font is
data that graphically describes a set of related character
images.

The bitmap in which the 3D GMR package is initialized. In
direct mode, this is part of the Display Manager window in
which the package was initialized. In borrow mode, this is the
entire current display. In main-bitmap mode, this is a
main-memory bitmap.

The orientation of a coordinate system. In the viewing
coordinate system, handedness controls how the U axis is
related to the V and the N axes and how hither and yon
clipping planes are defined. Two of three axes always
determine the third in a right- or left-handed orthogonal
system.

Used to specify part of the view volume. The N coordinate of
the hither (or near) clipping plane. If the viewing coordinate
system is left-handed, then points with N less than the hither
distance are invisible. If the viewing coordinate system is
right-handed, points with N greater than the hither distance
are invisible.

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

The result of a user’s interaction with a device such as a
keyboard, button, mouse, or touchpad. An event occurs when
input is generated in a window (direct mode) or in the
borrowed display (borrow mode).

An element in a metafile that calls for another structure to be
displayed, with a particular transformation applied. This is
similar to a subroutine call. Instancing allows multiple uses
of a single sequence of elements.

The pathname of an instance of an element. This consists of
a list of ordered pairs (structure ID, element index) that
uniquely identify an element.

Given a hierarchy of structures, a given element can be
instanced many times. An instance path distinguishes
between those multiple elements. An instance path can either
be returned from a pick operation or can be supplied directly
by an application.

The structure referred to by an instance element in another
structure.
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Instancing structure

Intensity

Keyboard

Locator

Logical device
coordinates

Logical input device

Main-bitmap mode

Mesh element

Metafile

Modeling coordinates

Modeling routines

Multiline element

No-bitmap mode

The structure that contains the instance element that refers to
the instanced structure.

The intensity or brightness used for the display of a particular
element. A real number between 0 and 1 where 0.0 is the
least intense and 1.0 is the most intense.

A logical input device used to provide character or text string
input (e.g., the alphanumeric keyboard).

A logical input device used to specify positions in coordinate
space (e.g., a touchpad, data tablet, or mouse).

Used to define the viewport in which an image is displayed.
These are device independent, allowing the same metafile to
be displayed on different types of DOMAIN nodes.

An abstraction that refers to any of a group of physical input
devices that provide similar input data. For example, the
logical input device “button” can refer to physical buttons on
a mouse, or to physical buttons on a data tablet puck.

One of four 3D GMR display modes. The program runs in a
bitmap allocated in main memory, without using the display.
This mode allows bitmaps larger than the full display.

A three-dimensional primitive element that draws a mesh.

A device-independent collection of picture data that can be
displayed and edited (also referred to as a file).

Used to specify geometric properties of primitive elements in
a structure. Each structure has its own modeling coordinate
system. Modeling coordinates are also used to rotate,
translate, and scale instanced structures.

Graphics metafile routines used to insert elements into
metafiles or to edit metafiles.

A primitive element that, given N positions, draws N/2
disconnected line segments (see also polyline).

One of four 3D GMR display modes. The program runs
without a main-memory or display bitmap. Viewing routines
may not be performed in this mode. This mode provides the
most efficient way to create a metafile from a data base. In
this mode one cannot monitor a graphics display of the
metafile during construction.
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Open file

Parallel projection

Perspective projection

Any of the files that have been opened during a session and
have not yet been closed. More than one file may be open at
one time.

Represents the metric properties of an object (for example,
distances and angles) at the expense of realism. For
example, receding parallel lines remain parallel giving a
somewhat distorted appearance to the drawing for the casual
viewer.  Parallel projection is well suited for working
drawings. There are three types of parallel projection in 3D
GMR: orthographic, plan oblique, and elevation oblique.

Orthographic projection is typically used to show the exact
shape of any side perpendicular to the view plane normal. It
is well suited for rectangular objects. The user typically
creates several orthographic views in order to see the object
from several angles at once (for example, top, front, and
right).

A plan oblique projection is typically used to show the exact
shape of one side of an object and uses a foreshortening ratio
to shorten lines that are perpendicular to that one side. These
shortened lines are always drawn vertically in a plan oblique
projection. The side for which the shape is preserved is
drawn at an angle (the receding angle) to these vertical lines.
In 3D GMR, lines receding from the viewer (i.e., lines
perpendicular to the view plane and extending in the gaze
direction), are drawn vertically downwards on the screen.
The foreshortening ratio of a line is its projected length
divided by its true length.

Elevation oblique is similar to plan oblique in that it also
preserves the shape of one face of the object. Unlike plan
oblique, that face is always shown upright. Lines receding
from the viewer (i.e., lines in the gaze direction), are
foreshortened and drawn at a given angle to the horizontal.
However, receding parallel lines give the illusion of
divergence to the inexperienced viewer.

Elevation oblique is well suited for objects with detail on
mainly one face (for example, a radio). It is also widely used
for building elevations.

Gives a realistic representation of an object as seen from an
observer at a specific position. An object appears smaller the
greater its distance from the observer. Parallel lines converge
at a vanishing point (for example, railroad tracks give the
appearance of converging in the distance).
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Pick aperture

Pick list

Pick operation

Picture

Pixel

Pixel value

Polygon element

Polyline element

Polymarker element

Primary structure

Primitive element

Reference point

Perspective projections are often used for presentation
purposes and in advertising. They do not usually make good
working drawings because it is difficult to judge metric
properties such as distances, sizes, and angles.

The region in logical device coordinate space within which
pick routines search for structures and elements.

An instance path that names an instance of a primitive draw
elements in the metafile that meets a pick criterion.

The process of selecting an instance of a primitive draw
element from among the primitive draw elements in a
viewport. You use the GMR_SPICK routine to select a single
element from a file and to retrieve the path through the
hierarchy of structures to that element.

The entire contents of a file as drawn; it may be larger or
smaller than either the viewport or the bitmap in which the 3D
GMR package is running.

A single element of a two-dimensional displayed image or of
a two-dimensional location within a bitmap.

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

A primitive element that draws a polygon.

A primitive element that, given N positions, draws N-1 linked
line segments (see also multiline).

A primitive element that draws a set of markers. A marker is
used to graphically identify a location in modeling coordinate
space.

The structure explicitly assigned to be the logical start of the
file for display purposes. This structure (or any other
structure in the metafile) can be assigned to a viewport for
display along with all of the structures that it instances.

An element in a structure that describes a single least divisible
graphic operation of a stored picture. There are six types of
primitive  elements:  polylines, multilines, polygons,
polymarkers, mesh, and text.

The point that is the origin of the viewing coordinate system
specified in world coordinates. All scalar viewing parameters
are relative to the reference point.  Additionally, for
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Render

Routine

Scan line

Structure

Structure mask

Structure value

Tag element

Temporary structure

Vertical (up) direction

Viewport

View distance
in world coordinates

perspective projections, the reference point is the center of
projection.

To produce a visual representation from a non-visual
representation.

A procedure or function that operates on metafiles. The 3D
GMR package is a collection of routines that can edit elements
within metafiles and routines that can affect how elements are
displayed.

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

A collection of elements in a metafile that can be referred to
as a group. See also current structure.

A number that you assign to a structure to determine if the
structure will be visible and/or pickable in a given vewiport.

A value that you assign to a structure to specify whether it will
be visible and/or pickable in a given viewport.

An element in a metafile that contains a comment. The
comment data can be retrieved by the user, but is ignored
when the file is displayed.

A structure that may be deleted when the file is clpsed. Useful
for picture data that you want to display but not store (e.g., an
enclosing box or superimposed grid). A temporary structure
is not deleted at file close if it is instanced by a permanent
structure.

Implicitly orients the window on the view plane in terms of the
up vector. The up vector is key in determining the V axis of
the viewing coordinate system. This setting, with the view
plane normal, also implicitly sets the right vector because two
of three vectors determine the third in a right- or left-handed
orthogonal coordinate system.

All or part of the window, excluding its border if one exists.
The viewport is the physical area in the window through which
graphic output or other processes are visible. Moving the
viewport within the bitmap in which the 3D GMR package is
running does not scale the view.

The signed distance between the reference point and the view
plane, along the direction of gaze. In other words, it is the N
coordinate of the view plane.
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O

View plane

View plane normal

View volume

View window

Viewing coordinates

Visibility

For an orthographic projection, the results are independent of
view distance since the projection is parallel to the N axis.

For perspective projections, the view distance alters the
divergence of the projection rays between the center of
projection (reference point) and the window bounds of the
view plane. For perspective projections, view distance must
be negative if the viewing coordinate system is right-handed
and positive if the viewing coordinate system is left-handed.

For plan oblique and elevation oblique projections, changing
the view distance slides the projection across the view plane.

The plane in the viewing coordinate system defined by N =
view plane distance. This is the plane in which the view
window is specified.

The direction of the N axis of the viewing coorinate system. It
establishes the orientation in space of the view plane centered
on the origin of the view plane. The view plane normal vector
can have any length but the vector cannot be identically zero.

The set of points in world coordinates between the hither and
yon planes whose projections on the view plane lie within the
view window. For parallel projections, the view volume is a
parallelepiped with a rectangular cross-section. For
perspective projections, the view volume is a frustum; that is,
a truncated pyramid.

A rectangular region of the view plane that determines what
portion of a projected image is displayed. Points in the region
have coordinates satisfying:

umin < U < umax
vmin < V < vmax

N = view distance

A three-dimensional coordinate system with axes labeled U,
V, and N. Except for plan oblique projection, the U axis
always corresponds to “right” on the screen and the V axis
always corresponds to “up” on the screen. The N axis points
into or out of the screen, depending on the handedness of the
viewing coordinate system. In a right-handed coordinate
system (default) N points out of the screen. In a left-handed
system N points into the screen.

Determines whether or not a structure will be visible when it
is displayed. Three techniques determine visibility: visibility
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Visibility mask

Visibility range

World coordinates

Yon distance in world
coordinates

mask, visibility range, and name sets. A structure is
displayed only if it meets the visible range, visible mask, and
name set criteria.

A means of determining whether a structure is visible at
display time. The structure mask is compared to the
viewport’s visibility mask. For the structure to be displayed,
at least one bit must be “1” in both the structure mask and
the viewport’s visibility mask.

A range of visible values that is assigned to a viewport. A
structure can be displayed only if the structure value lies
between the specified bounds of the range, including the end
values.

The name given to the modeling coordinate system of a
structure displayed in a viewport. The world coordinate
system is a right-handed, three-dimensional Cartesian
coordinate system.

Used to specify part of the view volume. This value deter-
mines the signed distance of the yon (or far) clipping plane
from the reference point. If the viewing coordinate system is
left-handed, then points with N greater than the yon distance
are invisible. If the viewing coordinate system is
right-handed, points with N less than the yon distance are
invisible.
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Index

The letter f means “and the following page”; the letters ff mean “and the following pages”. Symbols are
listed at the beginning of the index.

2D GMR
compared to 3D GMR 13-7
(see DOMAIN 2D Graphics Metafile Resource)

3D GMR routines
GMR_$4X3_MATRIX_CONCATENATE 5-4
GMR_$4X3_MATRIX_IDENTITY 5-4
GMR_$4X3_MATRIX_INVERT 5-4
GMR_$4X3_MATRIX_REFLECT 5-4
GMR_$4X3_MATRIX_ROTATE 5-4
GMR_$4X3_MATRIX_ROTATE_AXIS 5-4
GMR_$4X3_MATRIX_SCALE 5-4
GMR_$4X3_MATRIX_TRANSLATE 5-4
GMR_SABLOCK_ASSIGN_DISPLAY 6-4, 9-13
GMR_SABLOCK_ASSIGN_VIEWPORT 6-4, 9-13
GMR_SABLOCK_COPY 6-8
GMR_$SABLOCK_CREATE 6-5
GMR_SABLOCK_DELETE 6-8
GMR_$SABLOCK_INQ_FILL_COLOR 6-7
GMR_$SABLOCK_INQ_FILL_INTEN 6-7
GMR_$ABLOCK_INQ_LINE_COLOR 6-7
GMR_SABLOCK_INQ_LINE_INTEN 6-7
GMR_SABLOCK_INQ_LINE_TYPE 6-7
GMR_$ABLOCK_INQ_MARK_COLOR 6-7
GMR_SABLOCK_INQ_MARK_INTEN 6-7
GMR_SABLOCK_INQ_MARK_SCALE 6-7
GMR_SABLOCK_INQ_MARK_TYPE 6-7
GMR_SABLOCK_INQ_TEXT_EXPANSION 6-7
GMR_$ABLOCK_INQ_TEXT_HEIGHT 6-7
GMR_$SABLOCK_INQ_TEXT_INTEN 6-7
GMR_$ABLOCK_INQ_TEXT PATH 6-7
GMR_SABLOCK_INQ_TEXT_SLANT 6-8
GMR_SABLOCK_INQ_TEXT_SPACING 6-8
GMR_$SABLOCK_INQ_TEXT_UP 6-8
GMR_$ABLOCK_SET_FILL _COLOR 6-6
GMR_$SABLOCK_SET FILL_INTEN 6-6
GMR_$ABLOCK_SET_LINE_COLOR 6-6
GMR_SABLOCK_SET_LINE_INTEN 6-6
GMR_SABLOCK_SET_LINE_TYPE 6-6
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GMR_$SABLOCK_SET_MARK_COLOR 6-6

GMR_SABLOCK_SET_MARK_INTEN 6-6

GMR_$SABLOCK_SET_MARK_SCALE 6-6

GMR_$SABLOCK_SET_MARK_TYPE 6-6
GMR_SABLOCK_SET_TEXT_COLOR 6-6

GMR_$SABLOCK_SET_TEXT_EXPANSION 6-6
GMR_SABLOCK_SET_TEXT_HEIGHT 6-6

GMR_SABLOCK_SET_TEXT_INTEN 6-6
GMR_SABLOCK_SET_TEXT_PATH 6-6
GMR_$ABLOCK_SET_TEXT_SLANT 6-6

GMR_S$SABLOCK_SET_TEXT_SPACING 6-6

GMR_$SABLOCK_SET_TEXT_UP 6-6
GMR_SACLASS 6-2
GMR_SADD_NAME_SET 4-9f
GMR_SATTRIBUTE_SOURCE 6-2
GMR_SCOLOR_DEFINE_HSV 12-4
GMR_$SCOLOR_DEFINE_RGB 12-4
GMR_SCOLOR_HSV_TO_RGB 12-4
GMR_S$SCOLOR_INQ_HSV 12-4
GMR_SCOLOR_INQ_MAP 12-7
GMR_SCOLOR_INQ_RANGE 12-2
GMR_S$COLOR_INQ_RGB 12-4
GMR_$COLOR_RGB_TO_HSV 12-4
GMR_$COLOR_SET_MAP 12-7
GMR_$COLOR_SET_RANGE 12-2

GMR_$COORD_DEVICE_TO_LDC 8-9, 8-9
GMR_S$COORD_INQ_DEVICE_LIMITS 8-3

GMR_$COORD_INQ_LDC_LIMITS 8-3

GMR_$COORD_INQ_WORK_PLANE 10-1

GMR_$COORD_LDC_TO_DEVICE 8-9

GMR_$COORD_LDC_TO_WORK_PLANE 10-1

GMR_$COORD_LDC_TO_WORLD 8-9

GMR_S$SCOORD_SET_DEVICE_LIMITS 8-3

GMR_$COORD_SET_LDC_LIMITS 8-3

GMR_$COORD_SET_WORK_PLANE 10-1

GMR_$COORD_WORLD_TO_LDC 8-9
GMR_S$SCURSOR_INQ_ACTIVE 10-3
GMR_$SCURSOR_INQ_PATTERN 10-3
GMR_$CURSOR_INQ_POSITION 10-3
GMR_S$SCURSOR_SET_ACTIVE 10-3
GMR_S$SCURSOR_SET_PATTERN 10-3
GMR_SCURSOR_SET_POSITION 10-3
GMR_S$SDBUFF_INQ_MODE 12-8

GMR_$DBUFF_INQ_SELECT_BUFFER 12-8
GMR_$DBUFF_SET_DISPLAY_BUFFER 12-8

GMR_$DBUFF_SET_MODE 12-8

GMR_$DBUFF_SET_SELECT BUFFER 12-8
GMR_$DISPLAY_CLEAR_BG_COLOR 9-3

GMR_$DISPLAY_INQ_BG_COLOR 9-3

GMR_$DISPLAY_REFRESH 9-1

GMR_$DISPLAY_SET_BG_COLOR 9-3
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GMR_$DM_REFRESH_ENTRY 9-2
GMR_$DYN_MODE_INQ_DRAW_ENABLE 11-8
GMR_$DYN_MODE_INQ_ENABLE 11-8
GMR_$DYN_MODE_SET_DRAW_METHOD 11-8
GMR_$DYN_MODE_SET_ENABLE 11-8
GMR_SELEMENT_DELETE 11-5
GMR_SELEMENT_INQ_INDEX 11-2
GMR_SELEMENT_SET_INDEX 11-2
GMR_$F3_MESH 3-1
GMR_$F3_MULTILINE 3-1
GMR_$F3_POLYGON 3-1
GMR_$F3_POLYLINE 3-1
GMR_$F3_POLYMARKER 3-1
GMR_SFILE_CLOSE 2-8
GMR_SFILE_CREATE 2-8
GMR_SFILE_INQ_PRIMARY_STRUCTURE 2-12
GMR_S$SFILE_OPEN 2-8
GMR_SFILE_SELECT 2-8
GMR_S$FILE_SET_PRIMARY_STRUCTURE 2-12
GMR_SFILL_COLOR 4-4

GMR_SINIT 2-6
GMR_S$INPUT_DISABLE 10-5
GMR_SINPUT_ENABLE 10-5
GMR_SINPUT_EVENT_WAIT 10-7
GMR_SINQ_ADD_NAME_SET 4-9f
GMR_SINQ_ATTRIBUTE_SOURCE 6-2
GMR_S$SINQ_CONFIG 8-3
GMR_S$INQ_F3_MESH 3-1
GMR_SINQ_F3_MULTILINE 3-1
GMR_SINQ_F3_POLYGON 3-1
GMR_SINQ_F3_POLYLINE 3-1
GMR_SINQ_F3_POLYMARKER 3-1
GMR_SINQ_FILL_COLOR 4-4
GMR_S$INQ_INSTANCES 5-1f
GMR_S$INQ_INSTANCE_TRANSFORM 5-1f
GMR_SINQ_LINE_COLOR 4-4
GMR_S$INQ_LINE_TYPE 4-4
GMR_SINQ_MARK_COLOR 4-4
GMR_SINQ_MARK_INTEN 4-7
GMR_$INQ_MARK_SCALE 4-7
GMR_SINQ_MARK_TYPE 4-7
GMR_S$INQ_REMOVE_NAME_SET 4-9f
GMR_S$SINQ_TAG 13-1
GMR_S$INQ_TEXT 3-1
GMR_SINQ_TEXT_COLOR 4-8f
GMR_S$INQ_TEXT_EXPANSION 4-8f
GMR_S$INQ_TEXT_HEIGHT 4-8f
GMR_SINQ_TEXT_INTEN 4-8f
GMR_S$INQ_TEXT_PATH 4-8f
GMR_SINQ_TEXT_SLANT 4-8f
GMR_S$SINQ_TEXT_SPACING 4-8f
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GMR_S$INQ_TEXT_UP 4-8f -
GMR_S$INSTANCE_ECHO 10-17
GMR_S$INSTANCE_ECHO_INQ_METHOD 10-17
GMR_SINSTANCE_ECHO_SET_METHOD 10-17
GMR_SINSTANCE_TRANSFORM 5-1f
GMR_SINSTANCE_TRANSFORM_FWD_REF 5-1f
GMR_SLINE_COLOR 4-4

GMR_SLINE_TYPE 4-4
GMR_$MARK_COLOR 4-4
GMR_$MARK_INTEN 4-7
GMR_$MARK_SCALE 4-7
GMR_SMARK_TYPE 4-7

GMR_SPICK 10-8
GMR_S$PICK_INQ_APERTURE_SIZE 10-13
GMR_S$PICK_INQ_CENTER 10-13
GMR_$PICK_INQ_ECHO_METHOD 10-16
GMR_S$PICK_INQ_METHOD 10-10
GMR_$PICK_SET_APERTURE_SIZE 10-13
GMR_S$PICK_SET_ECHO_METHOD 10-16
GMR_SPICK_SET_METHOD 10-10
GMR_SPRINT_DISPLAY 14-1
GMR_SPRINT_VIEWPORT 14-1
GMR_SREMOVE_NAME_SET 4-9f
GMR_SREPLACE_INQ_FLAG 11-3
GMR_SREPLACE_SET FLAG 11-3
GMR_$STRUCTURE_CLOSE 2-9
GMR_$STRUCTURE_COPY 2-9, 11-6
GMR_S$STRUCTURE_CREATE 2-9
GMR_S$STRUCTURE_DELETE 2-9, 11-4
GMR_$STRUCTURE_ERASE 2-9, 11-6
GMR_SSTRUCTURE_INQ_BOUNDS 2-9
GMR_$STRUCTURE_INQ_COUNT 2-9
GMR_$STRUCTURE_INQ_ID 2-9
GMR_$STRUCTURE_INQ_INSTANCES 2-9
GMR_$STRUCTURE_INQ_NAME 2-9
GMR_SSTRUCTURE_INQ_OPEN 2-9
GMR_$STRUCTURE_INQ_TEMPORARY 2-11
GMR_$STRUCTURE_INQ_VALUE_MASK 2-11
GMR_$STRUCTURE_OPEN 2-9
GMR_SSTRUCTURE_SET_NAME 2-9
GMR_$STRUCTURE_SET_TEMPORARY 2-11
GMR_S$STRUCTURE_SET_VALUE_MASK 2-11
GMR_STAG 13-1

GMR_STAG_LOCATE 13-1
GMR_STERMINATE 2-6

GMR_STEXT 3-1

GMR_STEXT_COLOR 4-8f
GMR_STEXT_EXPANSION 4-8f
GMR_STEXT_HEIGHT 4-8f
GMR_STEXT_INQ_ANCHOR_CLIP 9-14
GMR_STEXT_INTEN 4-8f
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GMR_STEXT_PATH 4-8f
GMR_STEXT_SET_ANCHOR_CLIP 9-14
GMR_STEXT_SLANT 4-8f
GMR_STEXT_SPACING 4-8f
GMR_STEXT_UP 4-8f
GMR_$VIEW_INQ_COORD_SYSTEM 7-8
GMR_$VIEW_INQ_OBLIQUE 7-4
GMR_$VIEW_INQ_PROJECTION_TYPE 7-4
GMR_$VIEW_INQ_REFERENCE_POINT 7-6
GMR_$VIEW_INQ_STATE 7-19
GMR_$VIEW_INQ_TRANSFORM 7-19
GMR_S$VIEW_INQ_UP_VECTOR 7-8
GMR_$VIEW_INQ_VIEW_DISTANCE 7-6
GMR_$VIEW_INQ_VIEW_PLANE_NORMAL 7-6
GMR_$VIEW_INQ_YON_DISTANCE 7-17
GMR_SVIEWPORT_SET_PATH_ORDER 10-10
GMR_$VIEWPORT_SET_PICK 10-14
GMR_S$SVIEW_SET YON_DISTANCE 7-16
GMR_$VIEW_SET_COORD_SYSTEM 7-8
GMR_$VIEW_SET_HITHER_DISTANCE 7-16
GMR_SVIEW_SET_OBLIQUE 7-4
GMR_$VIEW_SET_PROJECTION_TYPE 7-4
GMR_SVIEW_SET_PROTECTION_TYPE 7-4
GMR_S$VIEW_SET_REFERENCE_POINT 7-6
GMR_SVIEW_SET_STATE 7-19
GMR_$VIEW_SET_TRANSFORM 7-19
GMR_$VIEW_SET_UP_VECTOR 7-8
GMR_S$VIEW_SET_VIEW_DISTANCE 7-6
GMR_$VIEW_SET_VIEW_PLANE_NORMAL 7-6
GMR_$VIEW_SET_WINDOW 7-16
GMR_$VIEW_SET_YON_DISTANCE 7-16
GMR_$VIEWPORT_CLEAR 8-10
GMR_$VIEWPORT_CREATE 8-10
GMR_$VIEWPORT_DELETE 8-10
GMR_$VIEWPORT_INQ_BG_COLOR 8-10
GMR_$ VIEWPORT_INQ_BORDER 8-10
GMR_SVIEWPORT _INQ_BOUNDS 8-10
GMR_S$VIEWPORT_INQ_CULLING 9-6
GMR_$VIEWPORT_INQ_GLOBAL_MATRIX 5-4
GMR_$VIEWPORT_INQ_HILIGHT ABLOCK 10-17
GMR_S$VIEWPORT_INQ_INVIS_FILTER 9-8
GMR_$VIEWPORT_INQ_PATH_ORDER 10-10
GMR_$VIEWPORT_INQ_PICK 10-14
GMR_S$VIEWPORT_INQ_PICK_FILTER 10-15
GMR_$VIEWPORT_INQ_REFRESH_STATE 9-3, 11-7
GMR_SVIEWPORT_INQ_STATE 8-10
GMR_$VIEWPORT_INQ_STRUCTURE 2-12
GMR_S$VIEWPORT_INQ_VISIBILITY 9-6
GMR_$VIEWPORT_MOVE 8-10
GMR_$VIEWPORT_REFRESH 8-10, 9-1
GMR_S$VIEWPORT_SET_BG_COLOR 8-10
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GMR_$VIEWPORT_SET_BORDER 8-10
GMR_$VIEWPORT_SET_BOUNDS 8-10
GMR_$VIEWPORT_SET_CULLING 9-6
GMR_S$SVIEWPORT_SET_GLOBAL_MATRIX 5-4
GMR_$VIEWPORT_SET_HILIGHT ABLOCK 10-17
GMR_$VIEWPORT_SET_INVIS_FILTER 9-8
GMR_$VIEWPORT_SET_PICK_FILTER 10-15
GMR_$VIEWPORT_SET_REFRESH_STATE 9-3, 11-7
GMR_$VIEWPORT_SET_STATE 8-10
GMR_$VIEWPORT _SET STRUCTURE 2-12
GMR_$VIEWPORT_SET_VISIBILITY 9-6
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A plane 7-11

. text 9-14
anchor point
text 9—14 color 2-4
© attribute routines 4-4ff
aperture

binding 12-2

sample program 12-5f
using default 4-5
default maps and ranges 12-10ff
displaying background 9-3
double-buffer 12-8
HSV 12-4
identification number 4-5, 12-2
intensity 12-2
map index 12-3

picking 10-9f
application programs
writing 2-13
architecture
graphics 1-3
attribute blocks 10-17, Glossary-1
change/nochange state 6-7
copying 6-8
creating 6-5
deleting 6-8

E . ) range 12-2
modifying at chspllay time 6-9 RGB 12-4
procedures for using 9-13

comments
reading 6-7

(see tag element)
controlling files 2-8
coordinate systems

routines for modifying 6-6
attribute source flags 6-2

attributes : device 1-14, 5-5, 8-9, Glossary-2
blocks 6-1 logical device 1-13, 5-5, 8-9
c{asses 6-1 modeling 1-11, 5-5, 8-9
direct 6-1 viewing 1-12, 5-5, 8-9
elements 1-4, Glossary—1 world 1-11, 5-5, 8-9
mixing 6-8

copying
attribute blocks 6-8
structures 11-6

display operations 9-13
instancing 5-3
name sets 4-9

Core
polymarker 4-7 (see DOMAIN Core Graphics)
text 4-8f culling 9-6
B cursor
controlling 10-3
background color sample program 10-6
displaying 9-3
borrow mode 1-6f, 2-7f, Glossary-1
bounding box : D
clipping 13-2
button events 10-5 data types 1-14
pointer-to—-procedure 9-2
c default color maps 4-5, 12-10ff
deleting
Cartesian coordinate system 1-11 attribute blocks 6-8
clipping 2-5 elements 11-5
bounding box 13-2 structures 11-4
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device coordinate systems 1-14, 8-3 F
device independence 1-5, 1-13

device limits 8-4 file?
logical 8-5 1nse1.'t 2-13 '
maximum 8-4 routines for controlling 2-8
direct mode 1-6, 2-7, Glossary-3 floating p01f1t coonmates 1-14
display foreshortening ratio 7-5
background color 9-3 FORT.RAN
mode 1-6 pointer—to-procedure data type 9-2
mesh 3-5

parameters 2-3

refreshing 9-1 point arrays 3-5

displaying structures 9-1 G
Display Manager window 1-7 direction 7-3
DOMAIN 2D Graphics Metafile Resource (2D gaze direction /=
GMR) 1-15 GPR
DOMAIN Core Graphics 1-15 (see DOMAIN Graphics Primitives)
DOMAIN Graphics Primitives (GPR) 1-15 using with 3D GMR 13-9
double buffering 9-4 graphics architecture 1-3

and performance 13-7

routines 12-8 H
drawing primitives 3-1 handedness 7-2, 7-8, Glossary-4
dynamic mode 11-8 hierarchy 13-2
logical 13-6
E spatial 13-6
highlighting
echoing 10-16f attribute block 10-17
-+ sample program 10-18f hither distance 7-2, 7-11, Glossary—4
editing 1-5 HSV (see Hue-Saturation-Value)
dynamic mode 11-8 Hue-Saturation-Value 12-1, 12-4
elements 11-2
metafiles 11-1 |
reflecting changes 11-7
refresh state 11-7 index
structures 11-1 element 11-2, Glossary-3
elements 1-4 initialiiing
attribute 1-4 3D GMR 2-14
deleting 11-5 mode 2-5
editing 11-2 input operations
erasing 11-6 routines 10-4
index 11-2 insert files 2-13°
inserting 11-3 inserting elements 11-3
instances 1-4 instance echo 10-17
primitive 1-4 instance element 1-4, Glossary-4
replacing 11-3 instancing 5-1f
selecting 1-9 and hierarchy 2-2
tag 1-4, 2-3, 13-1 multiple 2-3
elevation oblique projection 7-5f recursive 2-3
events types 10-5 intensity 12-2, Glossary-5
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interactive techniques 10-1

K

keystroke events 10-5

L

LDC 1-13

(see also logical device coordinates)
left-handed system 7-8
limits

device 8-4

logical device 8-5
locator events 10-5
logical device coordinates 1-13, 10-1
logical hierarchy 13-6

M

main-bitmap mode 1-6, 2-8, Glossary-5
marker 3-3
mask
picking 10-9, 10-14
matrix 5-1
maximum device limits 8§-4
mesh 3-4
and performance 13-7, Glossary—5
metafiles
defined 1-3
editing 11-1
size per node 13-8
size versus performance 13-6
modeling
coordinates 1-11
matrix 5-5
transformations 2-4, 5-5ff
modes
display
borrow 1-6, 2-7
direct 1-6, 2-7
main-bitmap 1-6, 2-8
no-bitmap 1-6, 2-8
dynamic 11-8
insert 11-3
replace 11-3
multilines 3-2
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name sets 4~9
picking 10-15
visibility 9-8
naming structures 2-10
and performance 13-7
no-bitmap mode 1-6, 2-8, Glossary-S5

0

optimizing program performance 13-2
orthographic projection 7-5f
output 14-1

P

parallel projection 7-5
parameters
display 2-3
performance
hierarchy 13-2
improving 13-5
perspective projection 7-6
modifying 7-17
picking 10-8f
limiting search 10-13
mask 10-14
methods 10-10
path 1-8
routines 1-8
sample program 10-18f
viewport 10-14
plan oblique projection 7-5f
point array
in C 3-5
in FORTRAN 3-5
in Pascal 3-5
pointer-to-procedure data type 9-2
polygons 3-2
polylines 3-2
length vs performance 13-7
polymarkers 3-3
attributes 4-7
primary structure 2-13
primitive elements 1-4
primitives 3-1
routines 3-1
printing 14-1
programming techniques 13~1



projection work plane 10-1
parallel 7-5 rubberbanding 11-8
perspective 7-6

S
R
sample programs

receding angle 7-5 attribute classes and blocks 6-9
recursive instancing 2-3 , building a modeling matrix 5-6ff
reference point 7-2, Glossary—7 changing a view 8-13
refreshing viewports 2-5 color binding 12-5f
replacing elements 11-3 creating objects using instancing 5-10ff
restrictions and limitations 13-7 initializing 3D GMR 8-12f
reusing structures 2-5 moving an object 5~8f
right~-handed system 1-11, 7-8 picking and echoing 10-16f
routines refreshing a viewport 6-12

attribute block 6-4, 9-13 returning an instance path 10-12f

attribute classes 6-2 setting cursor 10-6

color 12-1 sphere 2~15ff

color attribute 4-4ff using mesh 3-8ff

coordinate transformation 8-9 using polyline 3-6ff

copying 11-6 using text 4-11

cursor 10-3 viewing parameters 7-20

deleting structures and elements 11-4 work plane 10-2f

display 1-5, 1-6, 9-1, 9-13 selecting elements 1-9

displaying structure 2-12 spatial hierarchy 13-6

double buffering 12-8 structures 1-4ff, 2-1

drawing primitives 3-1 copying 11-6

dynamic mode 11-8 deleting 11-4

echoing 10-16f displaying 9-1

editing 1-5, 11-1 editing 11-1

element index 11-2 hierarchy 2-5

erasing 11-6 multiple instancing 2-3

for controlling files 2-8 naming 2-10

for controlling structures 2-9 pickability 1-8

for instancing 5-1f primary 2-13, Glossary-7

for picking 10-8 reusing 2-5

initializing 2-6 routines for characteristics 2-11

input operation 10-4 routines for controlling 2-9

modeling transformation 5-4ff routines for displaying 2-12

perspective projection 7-17 temporary 2-11

refresh state 9-3 visibility 1-8, 9-4

refreshing viewport 11-7

structure characteristics 2-11 T

tag 13-1

terminating 2-6 tag elements 1-4, 2-3, 13-1

text attribute 4-8 temporary structure 2-11

view volume 7-11 terminating 3D GMR 2-14

viewing coordinate system 7-8 text

viewing parameter 7-1 attributes 4-8ff

viewing transformation 7-19 placement 3-5

visibility 9-4 transformation matrix 5-4
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traversal 2-5

u

user defined refresh 9-2

user input 1-8

user interface 1-3

UVN coordinate system 1-12, 7-4, 7-8

\'

variables
declaring 2-14
vector cross—product 1-11
vertical (up) direction 7-2, Glossary-8
view 1-7
changing 1-8
coordinates 7-1
distance 7-3, 7-8, Glossary-8
plane 7-3, 7-6, Glossary-9
plane normal 7-3, 7-8ff
volume 7-1, 7-3, 7-11, Glossary-9
window 7-3, Glossary-9
viewing
coordinate system 1-12, 7-4, 7-8
(See also UVN)
parameters 7-1
pipeline 1-9, 5-5, 7-1
transformations 7-19
viewports 1-7, 8-1
creating 8-11
mapping §-8
moving 1-7
multiple 8§-11
picking 10-14
refresh states 11-7
refreshing 2-5
setting bounds 8-10
visibility criteria 9-5
work plane 10-2
visibility 9-4
culling 9-6
mask and range 2-11, 9-6
name sets 4-9, 9-8

W

window
limits 7-5
on viewplane 7-11
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window transition events 10-5
work plane 10-1
world coordinates 1-11, 7-1, 10-1

Y

yon distance 7-4, 7-11






