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PREFACE 

The programmer's Guide to DOMAIN Graphics Primitives describes the DOMAIN* 
graphics primitives system and its user-callable routines. 

Audience 

This manual is written for programmers who use the DOMAIN graphics primitives 
to develop application programs. It is assumed that users of this manual 
have same knowledge of computer graphics and have experience in using the 
OOMAIN system. 

Organization of this Manual 

This manual contains twelve chapters. 

Chapter 1 introduces the graphics primitives system and its use on a OOMAIN 
node. 

Chapter 2 describes the display configurations, formats, and modes 
within which the graphics routines can operate. 

Chapter 3 describes bitmap structure an9 pixels in relation to memory 
representation. The chapter includes discussion of bitmaps 
in display and nain memory, bitmap routines, and bitmap 
attributes. 

Chapter 4 describes the coffilX>nents and uses of a color ma.p. 
The distinctive characteristics of a color nap in imaging format 
are presented. 

Chapter 5 explains the uses of current position and describes drawing, 
filling, and text operations. 

Chapter 6 describes three types of bit block transfers (BLTs) and their uses. 
The differ~nces between calls to the graphics primitives BLTs 
and display driver BLTs are also presented. Examples of BLT 
operations are included. 

Chapter 7 describes the uses of cursor control and of input operations. 
Input operations include routines that enable graphics programs 
to accept input from various input devices such as a keyboard, 
button on a mouse or puck, touchpad, and cursor in a window 
transition. 

* Distributed Operating Multi-Access Interactive Network 
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Chapter 8 describes the routines that graphics programs can call to perform 
direct input and output to windows. A sample program is included 
to show the input and output calls with other GPR routines. 

Chapter 9 lists insert files, data structures with their argument type, 
and error messages. 

Chapter 10 presents sample programs and techniques for using 
graphics primitives. 

Chapter 11 describes graphics primitives routines in teons of format and 
parameters. The routines are organized alphabetically. 
A listing by functional category introduces the routines. 

Chapter 12 describes graphics nap files (GMF), including insert files, 
data structures, error messages, and user-callable routines. 

Appendix A illustrates the 880 and low-profile keyboard and keyboard charts 

Appendices B, C, and D present the insert files for pascal, C, and FORTRAN 

Additional Reading 

For information on using the OOMAIN system, see the DOMAIN System Command 
Beference Manual. For information on the software components of the 
operating system and user-callable system routines, see the DOMAIN System 
Programmer's Beference Manual. For language-specific information, see the 
DOMAIN FORTRAN User's Guide and the DOMAIN Pascal User's Guide. For 
information on the high-level language debugger, see the Language Level 
Debugger Manual. 

Documentation Conventions 

Unless otherwise noted in the text, this nanual uses the following symbolic 
conventions. 

UPPERCASE 

lowercase 

Uppercase words or characters in formats and command 
descriptions represent commands or keywords that you must use 
literally. 

Lowercase words or characters in formats and command 
descriptions represent values that you must supply. 

Square brackets enclose optional items in formats and command 
descriptions. In sample Pascal statements, square brackets .. 
assume thei r Pascal neanings. 
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{ } 

CrRL/Z 

Braces enclose a list from which you must choose an item in 
formats and command descriptions. In sample Pascal 

. statements, braces assume their Pascal neanings. 

The notation crRL/ followed by the name of a key indicates a 
control character sequence. You should hold "down the <CT.RL) 
key while typing the character. 

Change ~ in This Revision 

This manual is a revision of 003245 Revision 00. This revision for SRa 
includes new routines and technical changes. These additions and changes are 
indicated by a vertical bar in the margin of a page. Appendices B, C, and D 
present insert files for Pascal, C, and FORTRAN respectively; these 
appendices do not show any change bars. 

problems, Questions, and SUggestions 

We appreciate comments from the people who use our system. In order to make 
it easy for you to cormnunicate with us, we provide the User Change Request 
(UCR) system for software-related comments, and the Reader's ResI;X)nse form 
for documentation comments. B¥ using these formal channels you make it easy 
for us to resrx>nd to your oonnnents. 

You can get more information about how to submit a UCR by consulting the 
DOMAIN SYstem Command Reference Manual. Refer to the CRUCR (Create User 
Change Request) command. You can also get more information by typing: 

$HELP CRJCR <RE'lURN> 

For documentation comments, a Reader's Response form is located at the back 
of each manual. 
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SUMMARY OF TECHNICAL CIWt;ES 

The programmer 1 s Guide to DOMAIN Graphics Prtmitives, Revision 01, includes 
new routines as well as changes and additions to existing routines. 

The following new routines are included in this manual: 

• External storage of bitmaps 

New routine opens a file of external storage of a bitmap 

• New attribute operations 

New routines for fill patterns, background of tile 
fill tattems, and line patterns: 

GPlL$SET_FIIL_~KGRClJND_VALUE 
GPR_$IN;LFIIL_BACKGRClJND_ VALUE 

GPR_$SET_FIIL_PATrERN 
GP1L$IN;LFIIL_PATrERN 

GPR_$SET_LINE_PATrERN 
GPlL$IN;LLINE_PATrERN 

• New text operations 

New routines for setting the direction for writing text, 
creating a modifiable copy of a font, for setting 
character width, horizantal spacing, and space size: 

GPR_$SET_'IEXT_PA'IH 
GPlL$IN:L.TEXT_PA'IH 

GPR_$REPLIC'ATE_FONT 

GPR_$SET_CHARACl'ER_WIDTH 
GPR_$IN:L.CHARACTEILWIDIH 

GPR_$SET_IDRIZONTAL_SPACING 
GPR_$IN;LHORIZONT~SPACING 

GP1L$SET_SPACE_SIZE 
GP1L$IN:L.SPACE_SIZE 

GP1L$SET_TEXT_PA'IH 
GP1L$IN;L'IEXT_PA'IH 
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GPR_$REPLlCATE_FONT 
• Line drawing operations 

New routines for arcs, circles, boxes, and splines: 

GPIL$ARC_3P 

GPIL$CIRCLE 

GPR_$DRAW_BOX 

GPIL$SPLINE_CUBIC_P 

GPR_$SPLINE_CUBIC_X 

GPR_$SPLlNE_CUBIC_Y 

• Filling operations 

New routine for drawing and filling circles: 

Throughout the manual, change bars in the rrargin of the page indicate 
changes and additions. 

vii 





CONTENTS 

ClfAPI'ER 1 - IN'IRODUCI'ION 'ID GRAPHICS PRIMITIVES 

1.1 USES OF GRAPHICS PRIMITIVES •••••• 

1.2 CHARACTERISTICS OF GRAPHICS PRIMITIVES • 

CHAPrER 2 - DISPLAY ENVIRONMENTS 

. . . 
. . . . . 

1-1 

1-2 

2.1 DISPLAY CONFIGURATIONS. • • • • • • • • • • • • • • • • • • 2-1 
2.1.1 Monochromatic Displays • • • • • • • • • • • • 2-1 
2.1.2 Color Displays • • • • • • • • • • • • • • • • • • 2-2 
2.1.3 Hardware Configurations for Color Displays •••••• 2-2 

2.2 DIS~ OODES • • • • • • • • ••••••••••••••• 
2.2.1 Borrow-Display Mode ••••• 
2.2.2 Direct Mode • • ••• 
2.2.3 Frame Mode • • • • • • 
2.2.4 No-Display Mode •••• 

. . . . . . . . . . . . . . . . . . 
2-6 
2-6 
2-6 
2-7 
2-7 

2.3 USING COLOR DISPLAY FORMATS • • • • • • • • • •• • • • •• 2-8 , 
2.3.1 Using Imaging Display Formats • • • • • • 2-8 
2.3.2 Routines for Imaging Display Formats • • • • • • •• 2-8 

ClfAPI'ER 3 - MEOORY REPRESENTATION: BITMAPS AND PIXELS 

3.1 BITMAP STRUCTURE • 

3.2 PIXELS •••••• 

3.3 BITMAPS IN DIS~, MAIN MEIDRY, AND EXTERNAL SIDRAGE. 
3.3.1 Bitmaps in Display Memory. • ••••• 
3.3.2 Bitmaps in Main Memory • • • • • • • • • • • • • • • 
3.3.3 Bitmaps in External Storage ••••••••••• 
3.3.4 Initial Bitmap • • • • • • • • • • • • • • • • • • • 

3-1 

3-2 

3-3 
3-3 
3-3 

• 3-4 
3-4 

3.4 ROOTINES FOR CREATING, CANCELnK;, IDENTIFYI~ BI'IMAPS. 3-4 

3.5 ACCESSING AND MANIPULATING BITS IN A BITMAP 

3.6 MULTIPLE DISPLAYED BI'lMAPS • • • • 

. . . 3-5 

3-7 

3. 7 BITMAP ATrRIBUrmS • • • • • • • • • 3-7 
3.7.1 Description of Attributes ••••••••••••••• 3-7 
3.7.2 Establishing and Changing Attributes ••••••••• 3-11 

ix Contents 



CHAPrER 4 - CDLOR/INTENSITY SPECIFICATION 

4.1 '!HE mLOR MAP: A SET OF CDLOR VALUES • . . . 
4.2 ESTABLISHING A CDLOR MAP • • • • • • 

4.3 USING A CDLOR MAP • • • • • • • • • • • • 
4.3.1 Color Map for Monochromatic Displays. 
4.3.2 Color Map for Color Displays: 

4-Bit and 8-Bit Formats • • • • 
4.3.3 Color Map for Color Displays: 

24-Bit Format • • • • • • • • • • 
4.3.4 Saving/Restoring Pixel Values • • • 

CHAPrER 5 - DRAWING AND TEXT OPERATIONS 

5.1 CURRENT POSITION, CHANGE POSITION 

5.2 DRAWING AND FIll.JING OPERATIONS • 

5.3 r.rEXT OPERATIONS • • • • • 

CHAPrER 6 - GRAPHIC BLOCK TRANSFERS: BLTs 

4-1 

4-2 

. . . . . .. 4-3 
· . . 
· . . . . . . 
• • 0 • • • • 

. . . . . 

• 4-3 

• 4-3 

• 4-4 
• 4-7 

5-1 

5-2 

5-9 

6.1 FUNcrION OF BLTs • • • • • • • • • • • • • • • • • • • 6-1 
6.1.1 Bit BLTs, Pixel BLTs, an~ Additive BLTS • • 6-1 
6.1.2 Using a Plane Mask with a BLT • • • • • •••• 6-2 
6.1.3 Using Raster Operations with a BLT •••• 6-2 
6.1.4 BLTs for Graphics Primitives and 

for the Display Driver • • • • • • • • • • • • • 6-2 

6 .2 '!HE BLT ROOTINES • • • • • • • • • • • • • • • • • • • • • • 6-4 
6.2.1 Example of a BLT Operation • • • • • • • • •• 6-4 
6.2.2 Example of a BLT with a Raster Operation • • • • • • • 6-6 

CHAPrER 7 - CURSOR CDNTROL AND INPUT OPERATIONS 

7 .1 USING CURSOR mNTROL • • • • • • • • • • • • • • • • • • • • 7-1 
7.1.1 Implementation Restrictions on the Cursor. • 7-1 
7.1.2 Display Mode and Cursor COntrol •••••••••••• 7-2 

7.2 USING INPUT OPERATIONS. • • • • • • • • • • • • • • • • • • 7-3 
7.2.1 Event 'IYJ?es • • • • • • • • • • • • • 7-3 
7.2.2 Event Reporting. • • • • • • • • • • • • • 7-4 
7.2.3 Input Routines • • • • • • • • • • • • • • • •• • • • 7-5 

( 

Contents x 



CHAPrER 8 - DIRECI' GRAPHICS IN WINInVS 

8.1 US~ DIRECI' mDE • • • • • • • • • • • • • • • • • • • •• 8-1 
8.1.1 Direct Graphics Output • • • • • • ••• 8-1 
8.1.2 Direct Graphics Input • • • • • • • • • 8-3 
8.1.3 Keyboard Aoqusition and Release • • • • • 8-3 
8.1.4 <l>scured Windows • • • • • • • • • • ••• 8-3 
8.1.5 Image Redisplay • • • • • • • • • • • • • • • • • 8-4 
8.1.6 Program Access to Display Memory • 8-4 
8.1.7 Hidden Display Memory. • • • • • • • • 8-4 

8.2 PROORAM EXAMPLE . . . . . . . . . . . . . . . . . . . . . . 8-5 

CHAPrER 9 - PROGRAMMING INFORMATION 

9.1 INSERT FILES • • • 9-1 

9.2 DATA STRUCTURES • • • • • • ••••• 9-1 
9.2.1 Data Structures: PASCAL and C •••• • • 9-1 
9.2.2 Data Structures: FORTRAN ••••••••••••••• 9-5 

9.3 ERroR MESSAGES • • • • . . . . . . . . . . . . . . . . . 9-11 

CHAPI'ER 10 - PROORAMS AND TECHNIQUES 

10.1 EXAMPLE PROORAM: PASCAL 

10.2 EXAMPLE PROORAM: FORTRAN • 

10.3 USING BIT PLANE MASKS . . . . . . . . 
10.4 USING INPUT DEVICES 

10.5 USING RJBBER BANDIJ:\K; • 

· . . 
• 10-1 

• 10-3 

• 10-6 

• 10-9 

• • • • 10-13 

10.6 sroRING A BITMAP EXTERNALLY. • • • • • • • • • • • • • •• 10-15 

10.7 USING DISPLAY MODES 
10.7.1 Borrow Display Mode. 
10.7.2 Direct Mode •• 
10.7.3 Frame Mode 

· . . . . . 
· . . 

10.7.4 No-Display Mode ••••• · . . 
CHAPrER 11 - USER CALLABLE RClJTINES 

11.1 FUNCTIONAL LIST OF ROUTINES 

11.2 DESCRIPTION OF ROUTINES 

GPR_$ACQUIRE_DISPLAY 
GPR_$ADDITIVE_BLT • • 

. . . . . . 

xi 

• 10-17 
• 10-17 
• 10-17 
• 10-18 
• 10-19 

• 11-1 

• 11-10 

• 11-11 
• 11-12 

Contents 



contents 

GPR_$ALLOCATE_A'rrRIBU'lE_BLOCl< • 
GPIL$ALLOCA'lE_BI'lMAP 
GPIL$ALLOCATE_BI'lMAP_NC • 
GPlL$ALLOC_IDi_BITMAP • · . . . . · . GPIL$ARC_3P ••• 
GPIL$ATrRIBU'lE_BLOCl< · . . . 
GPIL$BIT_BLT . . . 

· . . GPR_$CIRCLE ••• 
GPR_$CIRCLE_FILLED. • • • · . 
GPlL$CLEAR .,. • • 
GPlL$CLOSE_FILL_rooN 
GPR_$CLOSE_REIDmt..PGON 
GPlL$<DLOILZOOM • • 
GPlL$<DND_ENENT_WAIT 
GPIL$DEALLOCATE_A'rrRIBUTE_BLOCl< • 
GPIL$DEALLOCATE_BITMAP 

· . . . 
· . . 
· . 

GPR_$DlSABLE_INPUT 
GPR_$DRAW_BOX • • • 
GPIL $ENABLE_DlRECT_ACCESS • 

· . 
GPIL$ENABLE_INPUT • 
GPlL$E,VENT_WAIT • 
GPIL$FORCE_RELEASE • • • • • 
GPIL$GET_EC • • • 

· . · . . · . . • • 

GPlL$INIT • . . . . · . 
GPIL$INl-B!'l1t1AP 
GPR_$INl-BI'lMAP_DlMENSIONS ••• 
GPIL$INl-BI'lMAP_IDINTER • 
GPIL$INl-BM-BIT_OFFSET 
GPIL$IN:LrnARACTElLWIDTH. • 

· . · . 

GPR_$INl-mLOILMAP · . . 
GPlL$INl-mNFIG • · . . 
GPIL$INl-mNSTRAINTS 
GPIL$INl-<OORDlNATE_ORIGIN •••• 
GPIL$INl-CP •••• 

· . . . • • 

GPIL$INl-QJRSOR • • • • 
GPIL$INl-DRAW_VALUE • • • • 
GPlL$INl-FILL_BllCKGRClJND_ VALUE. 
GPIL$INl-FILL_PATrERN • • • • • 

· . w. GPIL$IN:LFILL_ VALUE • 
GPIL$INl-OORIZcm'Ak.SPACI~ 
GPIL$INl-lMAGING_FORMAT ••• 

. . 
. . · . GPIL$INl-LINE_PA'PrERN 

GPIL$INl-LINESTYLE 
GPIL$INl-RASTElLOPS • 
GPlL$I~SPACE_SIZE • 

· . . · . . · . . . . . GPR_$INl-TEXT • 
GPIL$INl-'IEXT_EXTENT • • • 
GPlL$INJ,...'IEXT_OFFSET • • • • 
GPIL$I~'IEXT_PAm · . . · . . GPIL $IN;L'IEXT_ VALUES 
GPlL$INl-VIS_LIST •••• 

xii 

· . · . 

• • 11-14 · . . • 11-15 · . . . . . 11-16 
· . · . . • •• 11-17 · . . . . · . • 11-18 · . • 11-19 · . . . • 11-20 
• • • 11-22 · . . . . • 11-23 · . . . . · . • 11-24 

• w • w 11-25 

· . . . · . . · . . 
· . . · . · . 

• • · . . · . . · . · . . · . . · . . 

• 11-26 
• 11-27 
• 11-28 
• 11-30 

11-31 
• 11-32 
• 11-33 
• 11-34 
• 11-35 
w 11-38 
• 11-40 

• •• w 11-41 
· . . • • • w w • 11-42 . . 11-45 

• 11-46 
w • • 11-47 · . . • w 11-49 

• 11-50 · . . • 11-51 
· . · . • 11-52 · . . · . . • 11-53 · . . • • 11-54 
· . · . . · . • w 

• ••• 11-55 
• • • • • • 11-56 

w • w 

• w 
w • • 

w w • • 

. . . . . · . 
• • • w 

• • w 

• w 

• •• 11-58 
• • 11-59 

• 11-60 
w • • • • 11-61 

• 11-62 
• •••• 11-63 

• 11-64 
• 11-65 
• 11-66 

• • • 11-67 
• • • 11-68 

· . w 11-69 
• 11-71 

• • w 11-74 
• • • • 11-75 

• 11-76 



GPR_$IN2..WINIXlV_ID. • • • • • • . . . . . • • • • 11-78 
GPIt-$LINE • • • • • • • • • • • 11-79 
GPIt-$LOAD_FONT_FILE •••••• • • • • • • • • • • • • • • 11-80 
GPIt-$M:OV'E • • • • • • • • • • • • • • • • • • • 11-81 
GPIt-$MULTILINE • • • • • • • • • • • • • • 11-82 
GPR_$MULTITRAPEZOID • • • • • • • • • • • • • • • • • 11-83 
GPR_$OPEN_BITMAP_FILE • • • • • • • • • • • • • • • • • • • 11-84 
GPIt-$PGOO_IDLYLINE • • • • • • • • • • • • • • 11-88 
GPR_$PI~BLT • • • • • • • • • • • • • • • • • • • • • • 11-89 
GPR_$POLYLINE • • • • • • • • • • • • • 11-91 
GPR_$READ_PlXELS • • • • • • • • • • • • • • • • 11-92 
GPR_$RECTANGLE • • • • • • • • • • • • • • • • • 11-94 
GPIt-$RELEASE_DISPLAY • • • • • • • • • • • • • • • • • 11-95 
GPR_$REMAP_mLOR_MEIDRY • • • • • • • • • • • • 11-96 
GPIt-$REMAP_mLOIt-MmJRY_1 • • • • • • • • • • • • 11-97 
GPR_$REPLIC'ATE_FONT • • • • • • • • • • • • 11-98 
GPR_$SELEcr'_mLOR_FRAME • • • • • • • 11-99 
GPR_$SET_AOLTIME_CXJT • • • • • • • • • • • • • 11-100 
GPR_ $SET_A'rrRIBU'IE_BLOCK • • • • • • • • • • • • • • • 11-101 
GPR_$SET_ADID_REFRESH • • • • • • • • • • 11-102 
GPIt-$SET_BITMAP • • • • • • • • • • 11-103 
GPIt-$SET_BI'IMAP_DIMENSIONS • • • • • • • • • 11-104 
GPIt-$SET_CHARAcrEIt-WIDTH • • • • • • • • • • • • • • • • • 11-106 
GPR_$SET_CLIPPING_ACl'IVE • • • • • • • 11-107 
GPR_$SET_CLIP_WINIXlV • • • • • • • • • • • 11-108 
GPIt-$SET_mLOR_MAP •• • • • • • • • • 11-110 
GPIt-$SET_<XX)RDINATE_ORIGIN • • • • • • • • • • • • 11-111 
GPR_$SET_CURSOR_ACTIVE • • • • • • • • • • • • • 11-112 
GPR_$SET_CURSOIt-ORIGIN • • • • • • • • • • • ••• 11-113 
GPIt-$SET_CURSOIt-PATrERN • • • • • • • • • • • • • • 11-114 
GP~$SET_CURSO~IDSITION • • • • • • • • • • • • • •• 11-115 
GPIt-$SET_DRAW_ VALUE • • • • • • • • • 11-117 
GPR_$SET_FILILBACKGIUlND_ VALUE. • • • • • • • • ... 11-118 
GPR_$SE~FILILPA'ITERN • • • • • • • • • • • • • •• 11-119 
GPIt-$SET_FILL_VALUE • • • • • • • • • • • • • • • • •• 11-120 
GP~$SET_OORIZONTAL_SPACING • • • • • • • • • • • • • • 11-121 
GPIt-$SET_lMAGING_FORMAT • • •.• • • • • • • • 11-122 
GPR_$SET_INruT_SID • • • • • • • • • • • • 11-123 
GPIt-$SET_LINE_PA'ITERN • • • • • • • • • • 11-124 
GPR_$SET_LINESTYLE • • • • _ • • • • 11-125 
GPIt-$SET_OBSCURED_OPr • • • • • • • • • • '. 11-126 
GP~$SET_PLANE_MASK • • • • • • • • • • • • • • • • 11-127 
GP~$SET_RASTER_OP • • • • • • • •••• 11-128 
GPIt-$SET_REFRESH_ENTRY • • • • • • • • • • • • • • • • 11-130 
GPIL$SET_SPACE_SIZ E • • • • • 11-132 
GPR_$SET_TEXT_BACKGIUlND_ VALUE • • • • • • • • • • • • • • 11-133 
GPR_$SET_'lEXT_FONT • • • • • • • • • 11-134 
GPR_$SET_TEXT_PAlli • • • • • • • • • • • • • • • • 11-135 
GPR_$SET_'lEXT_VALUE • • • • • • • • • • • • • • • • 11-136 

xiii contents 



GPR_$SE~WINIXlV_ID. • • • • • • 
GPIL$SPLINE_aJBIC_P • • • 
GPIL$SPLINE_ClJBIC_X • 
GPIL$SPLINE_aJBIC_Y •••••• 
GPIL$START_rooN • • • • 
GPlL$TERMINATE 
GPR_$TEXT •••••• 
GPIL$TRAPEZOID 

· . . . . 
GPR_$TRIANGLE • • 
GPIL$UNLOAD_FONT_FILE •••• 

· . . GPIL$W'AIT_FRAME • 
GPR_~I~PIXELS ••••• 

. . . . 

CHAPrER 12 - GRAPHICS MAP FILES 

12.1 INSERr FILES • . . . . . . . . . . . 
12.2 DATA STRUCIURES . . . . . . . . . . 

. . . 

• 11-137 
• • • • • • • 11-138 

• 11-139 
• •• 11-140 

• • 11-141 
• 11-142 
• 11-143 

11-144 
• • • • • • • • • • • 11-145 

. . • •• 11-146 
• • 11-147 

• • • • 11-148 

12-1 

. . . . . . . . . . . . 12-1 

12.3 ERROR MESSAGES • . . . . . . . . . . . . . . . . . . . • 12-2 

12.4 PROGRAMMIl\K; EXAMPLE •• . . . . . . . . . . . . . . . .12-2 

12.5 USER-CALLABLE ROOTINES · . . . . . . . . . . . . . • • 12-3 

APPENDIX A KEYBOARD CHARTS 

APPENDIX B INSERr FILE FOR PASCAL 

APPENDIX C INSERr FILE FDR C 

APPENDIX D - INSERT FILE FOR FORTRAN 

GLOSSARY 

Contents xiv 



Illustrations 
Figure 

Display Memory Configurations: Monochromatic Displays • 2-1 
2-2 
2-3 
3-1 
3-2 
4-1 

Color Display Memory Formats: '!Wo-Board Configuration •••••• 
Color Display Memory Formats: Three-Board Configuration • • • • • 
Screen and Bitmap Width and Height • • • • 
Clipping Window on a Bitmap • • • • • • • • • • 
Color Value Structure • • • • • • • • • • • • • • • • • 

4-2 8-Bit Color Map • • • • • • • • • • • • • • • • 
4-3 24-Bit Color Map • • • • • • • • • • • •• •••• 
5-1 Current Position and Changed Current Position •••• 

. . . . . 
5-2 Example of Color Value Computation for Line Drawing •••• 
5-3 Line Drawing Example • • • • • •• •••••••• 
5-4 Polyline Drawing Example • • • • • • • • • • • • • • 
5-5 Multiline Drawing Example •••••••••••• '. 
5-6 Rectangle Fill Operation • • • • • • • • •• •••• 

· . . 
· . . . . . . 

6-1 Information Required for Graphics BLT • • • • • • • • • • • • • • 
6-2 BLT Example: Intersection of Source Bitmap, 

Source Window, Destination Clipping Window • • • • • 
6-3 Example of BLT with Raster Op Code = 1 (Logical "and") ••••• 
7-1 Cursor Origin Example • • • • • • • • • • • • • • • • • 

2-2 
2-4 
2-5 
3-2 
3-8 
4-2 
4-5 
4-6 
5-1 
5-3 
5-4 
5-5 
5-6 
5-7 
6-3 

6-5 
6-6 
7-2 

11-1 Height and width for .Horizontal and Rotated Text • 11-70 
11-2 Text Offsets • • • • • • • • • • • • • • • • • • • • • 
11-3 View of One Group (OPEN_$BITMAP_FILE) • • • • • • • • 
11-4 Clipping Window Origin, Width, Height • • • • • • • 
A-I Low-Profile Keyboard Chart - Translated (user mode) • • • • 
A-2 Low-Profile Keyboard • • • • • • • •• 
A-3 880 Keyboard • • • • • • • • • • • • 
A-4 880 Keyboard - Translated (user mode) 

Tables 
Table 

'!Wo-Board Configuration for Color Display • • • • • 
Three-Board Configuration for Color Display • 
Raster Operations and Their Functions • • • • 
Raster Operations: Truth Table • • • • • • • • 

. . 

• 11-73 
• 11-87 
• 11-108 

• • • A-2 
A-3 
A-4 
A-5 

2-1 
2-2 
3-1 
3-2 
3-3 
4-1 
4-2 
4-3 
6-1 

Defaul t Attr ibute settings • • • • • • • • • • • • • • • • • • • 
Example of Gray-Scale Color Values and Visible Intensities 

2-2 
2-3 
3-10 
3-11 
3-12 
4-2 
4-3 
4-4 
6-3 

Default Color Map for Monochromatic Displays • • • • • 
Defaul t Color Map for Color Displays • 
Characteristics of Bit Block Transfers • • • • 

xv contents 





CBAPrER 1 

lNTROrucrION 'IO GRAFHIrn PRIMITIVES 

This chapter briefly describes the uses and characteristics of the graphics 
priIl"itives routines (GPR). 'Ihe graphics prirr~tives library is built into 
your OOMAIN systat'. The routines (priIPitives) that roake up the library let 
you roanipulate the least divisible graphic elarents to develop high-st:eed 
graphics o~rations. 'Ihese elarents inclu<E lines and IX>lylines, text fonts 
and values, pixel values, and display ty~s. 

'!he OOMAIN systat' also has an optional Core graphics package. The Core 
graphics };8ckage provides a high-level graphics environrrent in which to 
build IX>rtable graphics application systars. FOr a detailed description of 
Gore graphics, see the Programwer's Guide to Apollo Core Graphics. 

1.1 USES OF GRAHiICS PRIMITNFS 

The graphics pr~itives include the following capabilities: 

• Drawing lines, circles, and rectangles 

• AOIuiring text fonts and roanipulating text 

• Manipulating graphics with bit block transfers 

• Filling IX>lygon areas 

• AcooIrIrodating input o~rations 

• Setting attributes 

• Enabling direct graphics o~rations 

• IrPaging with an extended color range 

• Storing bitwaps externally 
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The GPR J;ackage uses the follooing COIl'FOnents of the OOMAIN systerr. 

• A display, l024x800, 800xl024, or l024xl024 visible pixels 

• Dispiay ~ory, l024xl024 pixels, or l024x2048 pixels 

• Any portion of progr~ Il'En'ory 

• A set of graphics priIl'itive routines (all begin with "GPR") 

• Optionally, the Display Manager 

1.2 rnARACI'ERISTICS OF GRAFHICS PRIMITIVES 

Graphics priIl'itives are device dependent with res~ct to the display. 
H<Mever, they are independent of the various display enviroments. '!he 
o~rating systeIY' provides two other sets of calls to JPanipulate the display: 

Display Manager interface -- These prograr calls (which begin with PAD) 
all<M you to JPanipulate rads and frarres to display text. You cannot 
Il'anipulate graphics using these calls. 

Display driver interface -- '!he Display Manager nomally controls the 
OOMAlN display. All prograr rEquests to read or write the display are 
directed to the Display Manager, which in turn calls the display driver 
to ferfom screen operations for II'onochraratic displays. Most of the 
display driver (SMD) calls duplicate functions nCM provided l:¥ the 
graphic pr~itives J;ackage. 

For a· descriIX:ion of the calls to the Display Manager interface and the 
dispiay driver interface see the OOMAIN &yst.eJr Programrer's Reference 
Manual. 

GPR routines are independent of the display enviroments in two ways. First, 
you can rm a prograr which includes GER routines on any of the displays 
without JPodifying the prograr. 

Second, graphics priIritives routines can issue calls to either the Display 
Manager or the display driver. 'Iherefore, if you use the graphics priIl'itives 
routines, you can easily change prograr execution frOIP one display !rode to 
another l:¥ changing one option in the initialization routine GPIL$INIT. 
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CBAPl'ER 2 

DISPLAY ENVIRGIMENTS 

This chapter describes the display configurations, fomats, and Irodes within 
which the graphics routines can o~rate. 

2.1 DISPLAY OONFIGURATIONS 

All OOMAIN displays are bi t-rrapped raster-scan devices. Each node bas one of 
three tyr;es of OOMAIN displays: 

• color 

• oonochraratic portrait (vertical) 

• Ironochraratic landscar;e (horizontal) 

2.1.1 MonochroWatic Di~lRYs 

Monochraratic displays are either black and white or black and green. '!be 
Ironochraratic display nerory is 1024 pixels wide and 1024 pixels high. '!here 
are two different oonochraratic display devices: :fX)rtrait and landscar;e. On 
the IrOnochraratic portrait display, the left-IrOst 800xl024 pixels are 
visible. On the IronochrCll'atic landsca~ display, the top 1024x800 pixels are 
visible. Figure 2-1 shows the II'onochrCll'atic display configurations. 
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Figure 2-1. Display Marory Configurations: Monochraratic Displays 

2.1.2 Color DispJ~s 

'!he oolor display has two types of forrrat: interactive and iIraging. The 
interactive forrrats support all GPR operations. 'nle iIraging fomats sUp!x>rt 
liIrited GPR operations, but provide the ability to display oore colors. In 
iJraging fomat, iIrages are displayed with Irore bi ts ~r pixel than they are 
in interactive forrrats. This is useful for 001 or correction in true-color 
iIraging. 

2.1.3 Hardware Configurations for Qolor DisplAYS 

Color displays have either a two- or three-board hardNare configuration. For 
either oonfiguration, progrars can change the display between the two types 
of fomats. Both types of fomat are available with both har&are 
configurations, as shown in Tables 2-1 and 2-2. 'Ibis weans that either 
configuration provides both interactive processing and Irore extensive color 
display • 

Table 2-1. FJWo-Board Configuration for Color Display 

Fomat Pixel Di.Jrensions 

Visible Display Hidden Display Nurber of Colors 

4-bit interactive (Default) 1024 x 1024 1024 x 1024 16 
8-bit iIraging 1024 x 1024 none 256 
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Table 2-2. rrhree-Board Conf iguration for Color Display 

FoI1Nlt Pixel Diroensions 

Visible Display Hidden Display NlIl'ber of Colors 

a-bit interactive (Default) 1024 x 1024 1024 x 1024 256 
24-bit iIraging 512 x 512 512 x 512 16 Irillion 

Two=Board Oonfiguration 

The interactive 4-bit pixel forrrat is the default for a two-board 
configuration. This Ireans that 4 bits are used to assign a pixel value 
(color JraP index) to each pixel. '!his fomat allcws sixteen different 
oolors to ag;>ear on the screen at one tirre. '!he pixels are arranged 1024 
x 1024 in visible display rrerory and 1024 x 1024 in hidden display. 
Interactive fonrats supp:>rt all GPR o~rations. 

Optionally, software can change a two-board configuration to an a-bit 
iIraging fonrat, with a bits used to assign a pixel value (color Il'ap index) 
to each pixel. This fOIll'at allcws 256 colors to appear on the screen at 
one tiIre, but requires only two boards. The pixels are arranged 1024 x 
1024 in the visible display. '!here is no hidden display. III'aging fonrats 
st.g?Ort only liIrited GPR o~rations. 

Three-Board Configuration 

'!he interactive a-bit pixel fomat is the default for a three-board 
configuration. '!his rreans that a bits are used to assign a pixel value 
(color Il'ap index) to each pixel. This forrrat allcws 256 different colors 
to appear on the screen at one tirre. '!he pixels are arranged 1024 x 1024 
in visible display rrerory, and 1024 x 1024 in hidden display. Interactive 
forrrats s1.1ptX>rt all GPR o~rations. 

'!he a-bit interactive fOrIl'at is OOIl'p;ltible with the 4-bit interactive 
forrrat. For exarrple, the Display Manager uses 4-bit planes, but rms on a 
oonfiguration using 8-bit planes. In general, the o~rations ~rfoIll'ed in 
an 4-bit fOIll'at can be ~rfomed in a-bit fonrat. 

Optionally, software can change a three-board configuration to a 24-bit 
iIraging forrrat. 'Ibis Il'eans that 24 bits are used to assign a pixel value 
(color Il'ap index) to each pixel, Iraking it {X)ssible to use 16 Iril1ion 
different colors. '!he pixels are arranged with 512 x 512 in visible 
display and 512 x 512 in hidden display. IIraging fomats sup};Ort only 
liIrited GPR o~rations. 

Figure 2-2 and Figure 2-3 show the oolor display fomats available for 
two-board and three-board harc1vare conf igurations. 
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2.2 DISPLAY MODES 

A graphics prograIr can run in one of four lI'odes: 

• BorrCM-display 1I'Ode: on the full screen, which is tarp:>rarily 
borrowed frar the Display Manager. '.Ibis lI'ode has the option not to 
clear the screen. 

• Direct Mode: within a window, which is acqui red frar the Display 
Manager for a r;eriod of tilI'e. 

• FraIre ~de: within a frarre of a Display Manager p:ld. 

• No-Display Mode: without a display, using only bitIraps allocated 
in lI'ain lI'EfI'ory. 

Progr~s select a display II'Ode when th~ initiate a graphics session (with 
GPIL$INIT) • ltbst of the graphics routines can o~rate within any of these 
rrodes; sare routines 00 not o~rate in fraIl'e lI'ode. III'aging fomats rEquire 
borrow-display lI'ode. 

2.2.1 Borrow-DisplAY Mode 

In borrow-display rrode, the prograr borrows the full screen and the 
keyboard frat' the Display Manager and uses the display driver directly 
through GPR software. All Display Manager winoows disappear frar the 
screen. llie Display Manager oontinues to roo during this tilI'e. However, 
it ooes not write the output of any other processes to the screen or read 
any keytoard input until the borrowing progr~ returns the display. Input 
typed ahead into input pads way be read while the display is borrowed. 
BorrCM-display Irode is useful for prograrrs that rEquire exclusive use of 
the entire screen. 

An option in borrCM-display rrode allows you to allocate a bi map in display 
Irel'ory without setting all the pixels to zero. '.Ibis is useful for copying 
what is on the screen into a file to save for later display or printing. 

2.2.2 Direct Mode 

Direct wode is silI'ilar to oorrow-display lI'ode, but the prograr borrows a 
window frat' the Display Manager instead of borrowing the entire display. 
'!he Display Manager relin:xuishes oontrol of the window in which the prograrr 
is executing, but oontinues to run, writing output and processing keyboard 
input for other windows on the screen. Direct II'Ode offers a graphics 
application the r;erfomance and unrestricted use of display car:abilities 
found in borrow-display rrode and, in addition, r;emits the application to 
ooexist with other activities on the screen. Direct wode should be the 
preferred lI'ode for wast interactive graphics applications. 
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Chapter 8 describes how prograws perfo~ graphics input and output in 
di rect rrode. 

2.2.3 Frawe Mode 

Alternately, a graphics prograw that executes within a fraIPe of a Display 
Manager {Bd calls the Display Manager, which interacts with the display 
driver. A graphics prograrr executes rrore slCMly in frarre rrode than in 
borrCM-display Il'odei however, fraIPe rrode offers sare additional Display 
Manager features: 

• A fraIl'e provides a nvirtual displayn that can be larger than the 
window, allowing the user to scroll the window over the fraIl'e. 

• Frarre rrode Il'akes it easier to perfo~ ordinary streaIr I/O to input 
and tr anscr ipt {Bds 

• In frarpe Il'ode, the Display Manager will reproduoo the mage when 
neoossary. 

• The prograr can leave the iIl'age in the p:td upon exit so that users 
can viey it at SOIl'e later tirre. 

Frarre Irode currently places sare restrictions on the GPR o~rations that 
are allCMed. Chapter 11 describes the individual routines, including their 
restrictions. One restriction is described belCM. 

~eFentation Restrictions on Color/Intensity Values in Frame Mode 

Currently, the Display Manager roes not store a bi map when a prograrr 
operates in frarpe Il'ode. 'Iherefore, a prograr using frarre rrode cannot call 
graphics routines which depend on particular pixel values of the current 
bitIrap. '!hese routines include pixel read and write o~rations, BLTs that 
use source data frar the fraIl'e, and GPIL$lNLBITMAP_OOINTER. 

2.2.4 No-Dispi~ Mode 

When the prograrr selects no-display at initialization, the GPR 
initialization routine allocates a bitIrap frar rein Il'at'ory. '!he prograrr 
can then use GPR routines to ~rforrr graphic o~rations to the bitll'ap, 
i¥passing any screen display entirely. Applications can use no-display 
Ir<X.E to create a Il'ain Il'E!l'ory bitll'ap, then call graphics rrap file routines 
to Il'ake a file, or send the bitll'ap to a periIileral device, such as a 
printer. 
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2.3 USThG CDLOR DISPLAY FORMATS 

Interactive display fomats fully sUPIX>rt all GPR output o~rations -­
block transfer, area filling, line drawing, text Iranipulation. I:Iraging 
display fomats support only liIrited display o~rations -- displaying (not 
reading) pixel data and changing the color II'ap (see <l1apter 4 for a 
discussion of color II'aps). Other functions will return error Iressages. 

I:Iraging display fomats II'ake it I:X>ssible to display iIrages with Irore bits 
~r pixel than are available with interactive fomats. Additionally, in 
24-bit pixel fomat, select frarre o~rations (GP}L$SELEcr_CDLOR_FRAME) are 
allCMed. '!hese op:rations are used to look at either half of display 
II'E!'(Iory. 

2.3.1 Using Imaging DiRPl~ Forwats 

Svitching the display between an interactive fomat and an irraging fomat 
causes the harcware to reconfigure the refresh buffer WE!l'ory and to 
rearrange the bi map. 'Ibis II'eans that an intelligible mage in one fomat 
becoIl'es unintelligible in another. 

The imaging fomats are supported only in borrCM-disp].ay rrode. TO 
change frat' an interactive to an iwaging fomat, you Il'ust be in 
borrow-display Irode. 

2.3.2 Routines for !waging DiRPlqy FOrmats 

Use the follCMing routines and procedures for irraging display fomats. Fbr 
a detailed description of these calls, see Chapter 11 of this Il'anual. 

1. Establ ish bor reM-displ ay IrOde: 

GP1L$INIT 

You way or IPay not first want to ~rforIl' sare graphics o~rations in 
interactive fomat. 

2. Set the display to 24-bi t pixel fomat: 

GPR_$SET_I~ING_roRMAT 

Use the fomat ar~ent to switch to 8- bit or 24-bit iIl'aging 
fomat. 

3. To in:Jui re about the fomat, use : 
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4. 'lb establish new values for the color wap, use: 

5. 'lb write pixel data to the display, use: 

6. 'lb return to interactive fomat, use the follCMing call with the 
interactive ar~ent: 

7. 'lb teminate the session and return the display to the Display Manager, 
use: 
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CBAPI'ER 3 

MEIDRY REPRESENTATION: BITMAPS AND PIXELS 

This chapter describes bi trrap structure and pixels in relation to graphic 
storage and representation. '!he chapter includes discussion of bitrraps in 
display and Il'ain ll'€Il'ory, bitIrap routines, and bitIrap attributes. 

A hitwap is a rectangular data structure that stores a graphic iIl'age. A 
pixel (picture el~ent) is a discrete point of a graphic iIl'age. Each pixel 
in a display has a oorresponding address in a buffer which stores the mage. 
'!hus, pixels provide the rreans of displaying a graphic iIrage. '!his section 
describes bitIrap structure and pixels. 

3.1 BITMAP S'IRUcruRE 

On a bit-napped display, a one-to-one cor respondence exists between the 
screen iIl'age and display IrEII'ory. On the screen, a rectangular array (a 
raster) of pixels foms the visible iIrage. In warory, a bi tIrap, a 
rectangular data structure, stores the graphic iwage. 

A bitIrap is a three-dirrensional array of bits, having width, height, and 
depth. On the Il'onochraratic display, bi tIrap width and height way vary; the 
depth €quals one. On the oolor display, bitIrap width, height, and depth can 
vary. 

BitIrap width and height oorrespond to iw.age width and height. BitIrap width 
is represented l:¥ x-coorclinates ranging frar zero on the left to a xraxiIrtll' 
defined for the bitIrap on the right. BitIrap height is represented l:¥ 
y-coordinates ranging frat" 0 on the top to a rraxiwllT' defined for the bitrrap 
on the bettar (see Figure 3-1). When a prograrr establishes bitIrap size, it 
detemines the rraxill'tJr x- and y-coorclinates. For bitIrap size Imitations, 
see GPIL$INIT. 

BitIrap depth specifies the nuwber of bits of infor.wation associated with each 
pixel. Each one-bit-deep slice of a bitrrap is called a plane of the bitrrap. 
This slice has the scure width and height as the bit:IPap. 

On the wonochraratic display, bitrraps oontain one plane; the depth of 
displayed bitrraps is one bit. On the color display in 4-bit pixel rode, 
bitIraps can oontain up to 4 planes; displayed bitrraps can be up to 4 bits 
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deep. On the oolor display in 8-bit pixel Irode, bimaps can oontain up to 8 
planes; displayed bitlI'aps can be up to 8 bits deep. 

Planes are nurbered frm zero to the nurber of bit planes in the bit:rrap winus 
one. Plane zero holds the least significant bits of the pixels, and the 
highest nurbered bit plane holds the wost significant bits. 
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1023 _______ __ 
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I 

Figure 3-1. Screen and Bimap Width and Height 

3.2 PIXELS 

-

On the 1l'onochraratic display, each pixel oonsists of one bit. On the rolor 
display, a bimap can have rrultiple planes. 'Iherefore pixels on a color 
display can oonsist of a group of bits. 

The bitIl'ap pixel values are used ~ the color 1l'ap to generate the visible 
intensity (dark or bright) or rolor of the rorres];Onding screen pixel. X­
and y-coordinates reference pixel ];Ositions on a bimapped (raster) display 
and in a bi map. 

The distance between adjacent pixels on a raster display is called a raster 
unit. '!he ooordinate p:>sition (0,0) is at the top left mrner of the screen, 
the Display Manager frarre, or the bimap. 'lb change the ];Osition of the 
origin, use GPIL$<DORDINATE_ORIGm. 
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3.3 BITMAPS IN DISPLAY, MAlN MEIDRY, AND IDcr'ERNAL SIORl(;E 

A bitrrap way reside in display Iral'ory, wain warory, or external storage. A 
single graphics session (beginning with GPR-$INIT and ending with 
GPR_$'rERMINATE) can involve zero, one, or wore bitrraps in display Irarory and 
wultiple bitrraps in wain warory. A bitrrap resides in only one location at 
any tiwe. 

A bitrrap in display Iral'ory is visible on the screen. A bitrrap in II'ain lI'at'ory 
rrust re oopied to display rrarory to beCOfPe visible. A bitrrap file way be 
o~ned to create a bitrrap and store it on the disk. '!he bitrrap on which a 
prograr is o~rating, whether it resides in display or wain lI'at'ory, is called 
the current bitmap. '!he first bitrrap created in a graphics session is 
called the initial bitIrap. 

3.3.1 Bitlraps in Display MarotY 

Most progrars that include a bitIl'ap in display rrarory can execute in 
borrow-display IrOde, direct Irode, or frarre wode. When a prograr initializes 
the graphics prirritives, it way select any of theselI'odes. Progrars that use 
the iIraging fomat for oolor display !rust be initialized in borrav-display 
IOOde. These display rrodes ~rtain only to progrars which use the screen for 
display of mages. For bitrraps of progrars that cb not display an iIrage, see 
the section below. 

On a wonochraratic display, bitIl'aps in display lI'arory can oontain only one 
plane. '!he initial Jre.XiwtJr' bitrrap size is the size of the visible 
wonochraratic display, 800xl024 pixels for I=Ortrait displays, and l024x800 
for landsca~ displays. 

For a color display in a 4-bit interactive fomat, display rre:rory bitrraps 
can oontain up to four planes; in 8-bit interactive or iIraging fomats, they 
can oontain up to eight planes. In 24-bi t ireging fomat, they can oontain 
up to 24 planes. '!he initial rraxiIrL1I' bitrrap size is the size of the visible 
001 or display: l024xl024 pixels for 4-bit and 8-bit fonratsj 512 x 512 for a 
24-bi t fomat. 

3.3.2 BitIraps in Main MerrotY 

If a prograr selects not to display an iIPage on the screen, it can rranipulate 
the iIrage l¥ allocating a bitrrap in wain warory. A prograr lI'ight rafuire 
lI'ain lI'at'ory bi trraps, for exaxrple, to o:Ferate on a bi trrap larger than that 
available in display Irarory. 

Main warory bi maps can contain up to eight planes, arranged 4096x4096 
pixels, regardless of the display in use. However, if a wain lY'at'ory bitrrap 
is transferred to display rrerory, the size of the bibl'ap transferred is 
restricted according to the display ty~. 
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3.3.3 Bitwaps in External storage 

'!he routine GPIL$OPEN_BITMAP_FILE allCMS you to create or o};en a file for 
storage of a bi~ap on the disk. This ~eans that you can define a graphic 
iIrage on a bi~ap, store the bi~ap in a file, and then access it for· display 
at a later ~e. You; can treat bi trl'aps for external storage like any other 
GPR bi~ap. 

3.3.4 Initial Bitmap 

When a prograrr calls GPR_$INIT to initialize the graphics p:lckage, it selects 
a lI'ode of o};eration and initial bi~ap size. An initial bitrl'ap is created as 
follows: 

• If the prograr uses the display and o};erates in frarre ~ode, the 
initial (and current) bitrl'ap is displayed and is the saIl'e size and 
location as the fraJrle. '!he graphics prmitives create the frarre with 
the size pararreters which the prograw s};ecifies. 

• If the prograr ot:erates in direct or borrCM-display wode, the 
initial (and current) bi~ap is also displayed. '!be prograrr chooses 
the bi~ap size, which can be Equal to or less than the size of the 
screen. If the bitrl'ap is sraller than the screen, it is located in 
the top left-rost area of the screen or window. '!be (0,0) bi~ap· 
coordinate is in the saIl'e I;X)sition as the (0,0) screen coordinate. 

• If the prograrr <:bes not use the display, the graphics priIritives 
initialization routine designates an initial bitrrap in rrain rrEIrory. 
This bi~ap has the dirrensions which the prograrr has selected. In 
this case the initial, current bitrl'~p is not displayed. 

3.4 RClJTlNES FOR rnEAT]R;, C'ANCELlm, IDENTIFYIK; BITMAPS 

The following routines include features for creatin9' deleting, and 
identifying bi ~aps: 

• GPIL$INIT -- initializes the graphics p:tckage and establishes a 
current bi~ap either in display trarory or wain Irarory, as s};ecified 
l:¥ the prograrr. 

• GPIL~ERMINATE -- teminates the graphics p:tckage and its bi~aps. 

• GP.EL$ALI.DCA~BITMAP -- allocates a bitrl'ap in rrain ~arory and returns 
a mique descriptor for the bitIrap. 

• GPIL$DEALIDC'ATE-BITMAP -- deallocates an allocated bi~ap. 
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• GPlL$ALIDCATE_BITMAP_NC -- allocates a bitIl'ap in II'ain II'aI'ory without 
setting all the pixels in the bit:rrap to zero, and returns a unique 
descr i ptor for the bi map. 

• GP1L$AI..IDCATE_HIlLBITMAP -- allocates a bi map in hidden display 
rrarory. 

• GP1L$SET_BITMAP -- establishes a specified bit:rrap, in displ~ nEroory 
or wain II'aI'ory, as the current bit:rrap. 

• GP1L$SET_W]NDOW_ID -- establishes the character that identifies the 
current bitIrap's window. 

• GPR-$~WINDOW_ID -- returns the character that identifies the 
current bit:rrap's window. 

• GPlL$~BITMAP -- returns the unique descriptor for the current 
bi t:rrap, which is in either display rrarory or wain II'aI'ory. 

• GPIL$~BITMAP_DIMENSIONS -- returns the size and ntIl'ber of planes 
of a bitFap. 

• GPIL$SET_BITMAP_DIMENSIONS -- changes the size of a previously 
crea ted bi tIrap. 

• GPR_$~B!LBIT_OFFSET -- returns the offset of the left edge of the 
bibl'ap in virtual address Stace. 

• GPR-$OPEN_BITMAP_FILE -- Of:ens a file for external storage of a 
bibl'ap. 

3.5 ACCESSThG AND MANIroLATING BITS IN A BITMAP 

As descrited above, a bitrrap is a data structure. When a prograr allocates a 
bi tIrap, the graphics p:ickage II'aps this data structure into the virtual 
address sp:tce. '!he prograr has no oontrol of the location or layout of a 
bitIrap in virtual address sp:tce. 'lYPically, the bits oonstituting one bibl'ap 
scan line (one horizontal line in a single plane) occupy sequential locations 
in the address sp:tce. Next, a series of address locations is skip~d. '!hen, 
all the bits of the second scan line are stored, and so on. For a given 
bitIrap, the offset in II'aI'ory frat' the teginning of one scan line to the next 
rarains constant. 

For II'ul tiple-plane bitIl'aps in Fain II'at'ory, plane 1 starts on the scan line 
iIm"ediately follCMing the last scan line of plane O. For bit:rraps stored in 
bitIrap files, this is not necessarily true. '!he routine 
GPR_$OPEN_BITMAP_FILE returns the offset in II'arory between planes. Unlike 
II'ain warory bitIraps, displayed wultiple-plane bibl'aps on the color display 
can te accessed only one plane at a tiIre. Prograrrs II'ust call the routine 
GP1L$REW\P_<DLOR_MEK>RY to select the plane to access. 
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To access a bit location in order to clear or set the bit value, a prograr 
does not speci~ bi~ap x- and y-coordinates. The progr~ ~ust find the 
location of the bit in the virtual address Sp:lce to ~anipulate it. 'Ib find 
bit locations, progrars can use the routine GPR_$nQ..BITMAP_OOINTER. This 
routine returns a pointer to the beginning address of the bitwap's storage, 
as well as the nll1'ber of l6-bit words (the offset) between the beginning of 
storage for eaCh successive scan line. 

If a prograr uses the pointer routine to get the address of display ~arory 
(oooochraratic and color) , it should call the routine 

GPlL$ENABLE_DIRECl'_ACCESS after any calls that change the display and before 
using the pointer returned t¥ GPfL$nQ..BITMAP_OOINTER. This ensures that any 
~nding display haravare o~rations are COIl'plete before the prograrr uses the 
p:>inter to access display xrerory (with the routines GPfL$READ_PIXELS and 
GPlL$-lRITE_PIXELS) • 

For exaxrple, to set a bit to I at the bi~ap coordinate position x = 64, 
Y = 3, you can wri te a section of a EOR'lRAN progr a.r, using the pointer 
statarent, as follavs: 

C 

C 

C 

INTmER*2 X, Y 
INTEGER*2 BIT_WORD 

. INTEGER*4 INDEX 

INTmER*4 BITMAP_PI'R, BITMAP_DESCRIPrOR, STA'IUS 
INTmER*2 OFFSET 

INTmER*2 BITMAP 
OOINTER /BITMAP_~ BITMAP(O:65535) 

CALL GHL$ENABLE_DIRECI'_ACCESS (Sl'AW S) 
CALL GPfL$nQ..BITMAP_OOINTER (BITMAP_DEScru:PlOR, BITMAP_Pm, 

I OFFSErr', STAWS) 

C To set bit at (x = 64, Y = 3) to 1: 
C 

X = 64 
Y=3 
INDEX = (Y * OFFSET) + (X / 16) 
BIT_WORD = RSHFr(16#8000, IDD(X, 16» 
BITMAP (INDEX) = OR (BITMAP (INDEX) , BIT_WORD) 
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3.6 MULTII:LE DISPLAYED BITMAPS 

To initialize II'ore than one window with graphics priII'itives, you can use 
GPlL$INIT II'ore than once. 'lb cb so, you II'ust s};ecify frarre or direct display 
rode in the unit pararreter. '!he streaII' identifier for the pad II'ust be 
different for each window. 

You can draw in all the windows, one at a tiII'e, by calling GPlL$SEr_BITMAP as 
for other drawing o};erations. '!he bi~ap descriptor is returned 
autaratically for each initialized window. 

calls which access the display bi~ap go to the wost recently current screen 
bitrrap. 'Ibis II'ay be the current screen bitrrap or the screen bitrrap that was 
rrost recently current if the current bitrPap is a warory bitrPap. 

With rrultiple displays, input events can COIl'e frar several different bitrraps. 
To identify the source of an input event, the routine GPR-$E.VENI'_WAIT or 
GPlL$CDND_EVENT_WAIT returns a character. 'Ibis character is established with 
the routine GPIL$SET_WINIXlV_ID, associated with an entered winoow event. 
That character tells you which window you have just entered. '!he source of 
input rarains the saIre until a left window event is received. 

To establish the identifying character for a window, use the routine 
GPlL$SET_WINIXlV_ID. '!his routine accepts a character which identifies the 
current screen bi~ap or the Il'ost recent screen bitrrap. If the current 
bitrPap is the screen bitrPap, it references that one. If the current bitrrap 
is in warory, the routine uses the wost recently current bitrrap. 

Use GPlL$SET_WINDOW_ID to associate a different character with each window. 
A prograrr II'ust enable entered winCbw events for all windows that will have 
such events. 

3. 7 BITMAP A'nRffiUTES 

Each bi trPap bas a set of attr ibutes which sIEcify the II'anner in which 
subsequent oJ;erations on the bi trrap will be ~rfomed. For excurple, 
attributes can s~cify that only a certain section of the bit:rrap can be 
II'anipulated in any subsequent ot:erations or that text written on the bi t:rrap 
will be displayed in sIEcified fonts. 

3.7.1 Description of Attributes 

For each bitIrap, the prograrr Irust allocate an attribute block and then assign 
it to the bit:rrap. '1he attributes in the block sJ;ecify characteristics of 
graphics oJ;erations. 
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Bit:Irap attributes are the follCMing: clipping wincbw, ooordinate origin, draw 
value (pixel value), fill value (pixel value), text value, text tackground 
value, text font, line style, plane rrask, and raster o~ration. 'Ihese 
attributes are described belCM. 

Clipping Window 

The clipping window attribute s~cifies a rectangular seCtion of the bit:Irap, 
outside which no pixels can be rrodified, as suggested in Figure 3-2. 
(GPR....$SE'I'_a..IPPI~_AcrlVE (bes not draw a rectangle, but s};:ecifies a 
rectangular area.) After a prograr calls the routine GPlL$Sm....<LIP_WINIXlV 
to s:t:ecify the clipping window, it rray call GPlL$SRr_<LIPPING_AcrlVE to 
enable the clipping window. 

BITMAP 

CLIPPING - __ 

WINDOW 

Figure 3-2. Clipping Wincbw on a BitIrap 

BitJreps and Pixels 3-8 



Coordinate Origin 

'!he coordinate origin s~cifies a {air of offset values to add to all 
coordinate };X>sitions. '!hese values are subsequently used as input to wove, 
line drawing, or bit block transfer (BLT) o~rations on the current bitrrap. 
For exaJrple, the coordinate origin affects calls to the routines GPIL$KJVE, 
GPlL$LINE, and GPIL$PlXEk..BLT. 

praw Value 

'!he draw pixel value s~cifies the value to which pixels will be set when 
dr awing 1 ines. 

Fill Value 

'!he fill pixel value s~cifies the value to which pixels will be set when 
filling areas. 

Text Value 

'!he text pixel value ~cifies the value to which pixels will be set to 
write text. 

Text Background Value 

'!be text backgrolIDd pixel s~cifies the value to which pixels will be set for 
text backgromd. 

Text Foot 

'!he text font attribute s~cifies the font in which to display text 
characters in the bitrrap. 

Line style 

'!he line style attribute s~cifies the style in which to display line 
se<}l'ents in the bi map. Line sty Ie can be either sol id or dashed; if dashed, 
the style scale factor ~temines the length of the dash. 

Plane Mask 

'!he plane Il'ask sp:cifies which planes of a bitrrap canre wodified ~ any 
graphics op:ration and which planes are protected fr~ wodification. 

Raster Operation 

A raster o~ration s};ecifies the wanner in which to oorrbine pixels in one 
plane of source and destination bimaps to fom a new destination bimap. 
The value of each new destination bit is assigned ~ a Boolean function of 
the previous value of each destination bit and the value of the 
oorres};X>nding source bit. 

3-9 Bimaps and Pixels 



Sixteen raster operations fonm the set of rules for combining bit values. 
Assigning a raster operation code to a plane of a bitmap alters no values. 
The raster operation code controls how values are logically combined when a 
program subsequently draws or uses a bit block transfer (BLT) to combine two 
bitmaps. (See Chapter 6 for a description of BLTs and their use of raster 
operations. ) Table 3-1 lists the op codes and logical functions for the 
sixteen raster operations. Table 3-2 is a truth table of the raster 
operations. 

Table 3-1. Raster Operations and Their Functions 

.0!2 Code Logical Function 

o Assign zero to all new destination values. 
1 Assign source AND destination to new destination. 
2 Assign source AND complement of destination to new destination. 
3 Assign all source values to new destination. (Default) 
4 Assign complement of source AND destination to new destination. 
5 Assign all destination values to new destination. 
6 Assign source EXCLUSIVE OR destination to new destination. 
7 Assign source OR destination to new destination. 
S Assign complement of source AND complement of destination to 

new destination. 
9 Assign source EQUIVALENCE destination to new destination. 

10 Assign complement of destination to new destination. 
11 Assign source OR complement of destination to new destination. 
12 Assign complement of source to new destination. 
13 Assign complement of source OR destination to new destination. 
14 Assign complement of source OR complement of destination to 

new destination. 
15 Assign one to all new destination values. 
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Table 3-2. Paster Of;erations: Truth Table 

SaJR<E DESTINATION . RESULTANT BIT VALUES FOR mE FOLI.&]N; OP <DIES: 
BIT BIT 
VALUE VALUE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

3.7.2 Establishing and Changing Attributes 

An attribute block is ra:;Iuired to establish bit II'ap attributes. '1he initial 
bi~ap has an attribute block assocIated with it. A prograw II'ust associate 
an attribute block with each subsequent bitrrap, using the follGling 
procedure:. 

• rrhe prograr first calls GPR_$ALIDCATE_ATrRIBUTE_BIDCK. 'Ibis routine 
allocates an attribute block containing a set of default attributes, 
and returns a unique descriptor of the attribute block. 

• Next theprograr II'ust call GPR_$SET_ATrRIDUTE_BIDCK with the 
attribute descriptor to associate the attribute block with the 
current bitIrap. 

A progr~ can associate an attribute block with II'Ore than one bitIrap. 
Ha.lever, if the progran: changes any attributes in the current bitrrap, that 
attribute will be changed on all other bitrraps which have the saxre attribute 
block as the current bitrrap. 
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The default attribute settings are shown in Table 3-3. 

Table 3-3. ~faul t Attribute Settings 

Attribute 

CL ipping Window 

CLipping Active 

Ooordinate Origin 

Draw Value 

Fill Value 

Text Value 

Default Setting 

5awe size as bitIrap. If the prograw 
reassigns the attribute block frow one 
bitIrap to a Sl'aller bitIrap, the clipping 
window is autaratically reduced to the new 
bitIrap size. 

For borrow-display and fraIl'e Irode, false; 
clipping window disabled. For direct Irode, 
true; clipping window enabled. 

(0,0) 

1 

1 

1, for borrowed displ~s, rrerory bit:rPaps, 
and 

dispi~ ~anager frawes on ~onochr~atic 
displ~s; 0, for Dispi~ Manager frawes on 
oolor displays. 

Text BackgrolIDd Value -2 (saIt'e as bitIrap backgrolIDd, which is 0 
for borrowed displays and IraI'ory bi tIraps, 
and the saIl'e as the window backgrolIDd for 
dispi~ rranager f rawes) • 

Font 

Line Style 

Plane Mask 

~ster Op 

No default. 
font. 

Solid line. 

Prograw Irust load and set 

All pianes can be Irodified. 

Op = 3, set all destina tion bit val ues to 
source bit valles. 

Tb change an individual attribute associated with the current bitIrap, the 
prograw calls one of the attribute-setting routines which acts directly on 
the bitIrap. '!hese include, for exaxrple, GP.Et..$S~a:.,IP_WINIXlV, 
GPlL$S~RASTEILOP, and GPR_$S~TEXT_:roNT. When changing attributes, the 

/ prograrr Cbes not need to change the attribute block. 
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The routines for setting and retrieving attributes are listed below: 

Set Attributes 

• GPIL$Sm'_a..IP_W:rNIXl'J -- changes the clipping winoow for the current 
bitlrap. 

• GPIL$Sm'_a..IPPING_AcrIVE --enables/disables a cliwing winoow for the 
current bitIrap. 

• GPIL$SE,'L<DORDlNATE_ORIGm --establishes x- and y-offsets to add to 
all x- and y-coordinates used as input for these o};erations: II'ooing 
the current p:>sition, line drawing, and block transfers. 

• GPIL$Sm'_DRP.W_VALUE -- s:tecifies the rolor/intensity to use to draw 
lines. 

• GPIL$Sm'_F~BAa<GRClJND_VALUE -- s};ecifies the rolor/intensity value 
used for drawing the background of tile fills. 

• GPIL$Sm'_F~PATTERN -- s};ecifies the fill pattern to use for the 
current bitlrap. 

• GP~$Sm'_FILL_VALUE --s:tecifies the rolor/intensity to use to fill 
rectangl es. 

• GPIL$SE,'LLlliESTYLE -- s:tecifies the linestyle as solid or dashed. 

• GPIL$SRLLlliE_PATTERN -- establishes the p;lttern used in drawing 
lines. 

• GPIL$Sm'_PLANE_MASK -- establ ishes a plane ll'ask that s};ecif ies which 
planes to use for subsequent write o};erations. 

• GPIL$SRLRASTE~OP -- s};ecifies a new raster o};eration for BLTS and 
lines. 

• GPIL$Sm'_'lEcr'_BAO<'GRCl1ND_ VALUE -- s};ecif ies the col or/ intensi ty to 
use for text background. 

• GPIL$Sm'_'lEcr'_FONT -- establishes a new font for subsequent text 
o};erations. . 

• GPIL$Sm'_'I.'IDcr'_VALUE -- S:tecifies the rolor/intensity to use for 
writing text. 
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Retrieve Attributes 

• GP1L$INl-CONsr.RAINTS -- returns the clipping window and plane rrask 
used for the current bit:Irap. 

• GPIL$INl-COORDlNATE-ORIGIN -- returns the x- and y-offsets added to 
all x- and y-coordinates used as input to Il'ove, line drawing, and BLT 
o~rations on the current bit:Irap. 

• GP.EL$INl-DRP.W_VALUE -- returns the color/intensity value used for 
drawing lines. 

• GPIL$INl-FILL_BA(l{GlUJM)_ VALUE -- returns the 001 or/ intensi ty val ue 
used for drawing the background of tile fills. 

• GPIL$IN;LFlIk.PATrERN -- returns the fill p:lttern in use for the 
current bit:Irap. 

• GPIL$IN;LFI~VALUE -- returns the color/intensity value used for 
filling rectangles. 

• GP.EL$INl-LINE_PATrERN -- returns the rattern used in drawing lines. 

• GPIL$INl-LINES~E -- returns infor.wation about the current 
linestyle. 

• GP.EL$INl-RASTEILOPS -- returns the raster o~rations in use for the 
current bi map. 

• GPIL$IN;L'lEeI' -- returns the text font and text path used for the 
current bit:Irap. 

• GPIL$IN;LTEn'_OFFSE'l' -- returns the x- and y-offsets f rar the top 
left pixel of a string to the origin of the string's first character. 
'Ihisroutine also returns the pixel which is the new current plsition 
after the text is written with GPIL$TEXT. 

• GPIL$INl-TEn'_VALUFS -- returns the current values of oolor/intensity 
for text and text background in the cur rent bi map. 
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<liAPl'ER 4 

<OLaF/INTENSITY SPECIFICATION 

rrbis chapter cEscribes the COIl'I;X>nents and uses of a color Il'ap. '!he 
distinctive characteristics of a color ~ap in interactive and iwaging fo~ats 
are presented. 

4.1 '!HE <DLOR MAP: A Sm' OF CDLOR VALUES 

A color ll'ap is a set of color values, each representing a visible color or 
intensity. A color value is an encoding of a y;a.rticular visible 
color/intensity, based on the R:iB (red/green/blue) color ~odel. rrbe lG3 
oolor Irodel defines red, green, and blue as priIrary colors. All other colors 
are COIl'binations of these prilraries, including the three secondary colors 
(cyan, lPagenta, and yellow) • 

Graphics progrars use a color IPap to s~cify color and intensity (gray-scale) 
values. A progrcur can redefine the color ~ap to assign colors to pixel 
values. To assign different colors to lines or other graphic enti ties, a 
progrcur Il'ust draw ther using different pixel values and then assign the 
appropriate colors to these pixel values. 

Each color value is 24 bits in length and is divided into three 8-bit 
fields. rrbe first field stores the value for the red COIl'I;X>nent of the 
oolor, the second for the green coIrI;X>nent, and the third for the blue 
COIrI;X>nent. Each field can have a value in the range 0-255. '!he 24-bit 
structure allCMs for approxiIrately 16 trillion different color values. 

A field value of zero s~cifies the absence of the priIrary color, and a field 
value of 255 s~cifies full intensity of that priIrary oolor. Figure 4-1 
illustrates the structure of a color value. (Color values are declared as 
4-byte integers; the value of the ll'ost significant byte is ignored.) 
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Bit IX>sition--> 31 24 23 16 15 8 7 o 

Ignored Red Green Blue 
CoIrp:>nent CoIrp:>nent Car];X)nent 

Figure 4-1. Color Value Structure 

If all fie1dq have Equal values, the color value is a shade of gray, as 
Table 4-1 shows. 

Table 4-1. ExaIrple of Gray-Scale Color Values and Visible Intensities 

(blor Value Visible Qplot/1nteosity 
Re!;2t:esented ~ .the (blQt: ~alue 

.B field .G field ~ field 

255 255 255 white 
191 191 191 light gray 
127 127 127 redi tIP gray 

63 63 63 dark gray 
0 0 0 black 

4.2 ESTABLISHJNG A <DLOR MAP 

A color 1l'ap oonsists of a set of oolor Il'ap entries -- each is a color value 
associated with an index (see '!able 4-3). '!bough the association between 
rolor values and visible oolors/intensities cannot be changed, a prograr can 
establish and change the association between indexes and color values l¥ 
changing the entries in the color wap. In this way, a prograr can select the 
set of colors/intensities to oonsti tute a 001 or wap for a p:lrticular 
application, and associate ther with p3.rticular indexes. See the routines 
GP1L$S~CDLOILMAP and GPIL$m.LCDLOR_MAP. 

At initialization of the graphics prill'itives p:ickage, a default oolor wap is 
established. '!he default color waps for wonochraratic and color displays 
are cescribed belON. In frBll'e wode or direct wede, a prograr cannot fi'odify 
rolor fi'ap entries 0 and 7-15. 
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4.3 usm; A CDLOR ~1AP 

After a color ll'ap is established, a prograrr can use it to s};:ecify the 
color/intensity to use for displaying lines, text, text background, 
rectangles, and the full screen, as follCMS. '!he prograr assigns a pixel 
value (color ll'ap index) to the draw value attribute, the text value 
attribute, the text background value attribute, the fill value attribute, 
and/or uses the index to clear the screen. See the description of the 
follCMing routines: 

GPR_$SE'I~.J)RPW_ VALUE 
GPR_$INl...DRP.W_ VALUE 
GPEL$SRI'_TEXT_ VALUE 
GPR_$SRI'_TEXT_BAa<GRaJND_ VALUE 
GPEL$INl...~_ VALUES 
GPR_$SN,LFILk.VALUE 
GPR_$INl...FILL_ VALUE 
GPR_$<LEAR 

4.3.1 Color Map for Monochrowatic Dj~lQYs 

For a rronochraratic display, the color ll'ap has only two entries. '!he default 
color ll'ap assigns the color value 0 to color II'ap index"O, and the color value 
1 to color ll'ap index 1, as Table. 4-2 shCMS. If a progrcur uses the default 
color Il'ap and sets a r:articular bit:rrap pixel to 1 (GPR.JWHITE), the 
corresponding pixel on the screen appears bright. If it selects 0 
(GPR_$BLAa<), the corresponding pixel would ap~ar dark. 

Table 4-2. ~faul t Color Map for Monochraratic Displays 

(blor Table (blor Value Resultant 
Index Visible Cblor/lntensi~ 

0 o (GPR.....$BLA<l<) black 
1 l6iFFFFFF (GPR.....$WHITE) white 

4.3.2 Color Map for (blor DjsplQYS; 4-Bit and a-Bit Fomats 

For a color display in the 4-bit pixel fomat, the color rep has 16 entries, 
with index values 0-15. Fbr a color display in the a-bit pixel forxrat, the 
color ll'ap has 256 entries, with index values 0-255. In both fomats, all 
entries are set to default values at the initialization of the graphics 
priIl'itives package. Table 4-3 shows the default color II'ap for oolor 
displays. 

4-3 Color/Intensity Specification 



Table 4-3. Default Color Map for Color Displays 

Color Table Color Value Resultant 
Index Visible _ 

Color/Intensity 

.R .G .B 

0 0 0 0 (GPIL$BLACK ) black 
1 255 0 0 (GPlL$RED) red 
2 0 255 0 (GPR_$GREEN) green 
3 0 0 255 ( GPlL$BLUE) blue 
4 0 255 255 (GPlL $CYAN) cyan 
5 255 255 0 (GPIL $YELIOV) yellCM 
6 255 0 255 ( GPR_$MAGENTA) rragenta 
7 255 255 255 (GPlL$WHITE) white 

8-15 contain oolors used ~ the Dispi~ Manager 
to display windows. 

16-255 0 0 0 ( GPlL$BLACK) black 

4.3.3 Color Map for Color Displa¥s: 24-Bit FotlJ'at 

'!he color Il'ap in 24-bi t fotlJ'at functions differently frar the color Il'ap for 
other fomats. In a 4- or a-bit fomat, a single color table index is used to 
look up one slot in the table. '!his slot is 24-bits wide: a bits each for 
red, green, and blue. '!hese three taken together describe the 001 or • 

In 24-bit fomat, the oolor 11'ap for the 24-bit pixel fomat can be described 
as divided vertically into three ~rts, each with a bits in and a bits out. 
'!hree inde~ndent 001 or table indices are used, each to look up on a-bit 
color OOIl'tnnent value. 'Ibis Il'eans that the red piece of the 24-bit value is 
looked up in the red colurn and is referenced t¥ its own index. rrbe green 
piece is looked up in its colurn and referenced t¥ its own index. rrbe saxre 
is true for blue. 

'!he call GPll..$SEI'_<DLOILMAP uses the saxre ~raIreters for 24-bi t pixels as it 
roes for a-bit pixels. rrbe difference is in the nurber of oolors that can be 
displ~ed with 24-bit pixels. 'Ibe priIrary application for this extended color 
range is oolor oorrection for true-color ~aging. 

Figures 4..;.2 and 4-3 illustrate the differences in the two typ:s of color 
Il'aps. 
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DISPLAY MEMORY 

4-BIT or 
8-BIT 
PIXEL VALU ES 

This pixel value is 

4·BIT OR 8·BIT FORMAT 

Index 23 
o 

COLOR MAP 

---- --- -- - --- --------

o 

used as an index into the color map. 23 16,15 8-,,7 0 

COLOR VALUE 

R G 8 

255 

Figure 4-2. 8-Bit Color Map 
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DISPLAY MEMORY 

24-BIT 
PIXEL VALUES 

r----" 
,," ,,/ I 

" "I 
" " I " " ) " / " / / / 

/ / / 

, " " , / 

1-----1' ," 

" , 
/ 

The three parts of the 
pixel value are used as 
three separate indices 
into three separate color 
maps. 

24·BIT IMAGING FORMAT 

RED 
COLOR MAP 

Index 7 
0 

RED VALUE 

GREEN BLUE 
COLOR MAP COLOR MAP 

o Index 7 o Index 7 0 
0 0 
I 
I 
I 
I 

BLUE VALUE 

GREEN VALUE 

'--___ ---' 255 ~ ____ ......I 

Green Number 
(8 bits) 

Blue Number 
(8 bits) 

Figure 4-3. 24-Bit Color Map 
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4.3.4 Saying/Restoring Pixel Values 

In interactive fonrats, a prograr can read the pixel values of each pixel in 
a bitIrap or section of a bitIrap and store the values in a pixel array. 
IIraging fomats 00 not };emit read o};erations. In both interactive and 
iIraging fomats, a prograr can write the pixel values frar a pixel array 
into a bi tIrap. See the routines GPIL$RFAD_PIXELS and GP.R_JWRITE_PIXELS. 
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OIAPrER 5 

DRP.WnK; AND TEXT OmRATIONS 

r.Ihis chaI;t.er explains the uses of current IX>sition and describes drawing, 
filling, and text o~rations. 

5.1 QJRRENT roSITION, QWK;E roSITION 

Drawing and text o~rations within a bitmap always begin at the "current 
IX>sition". Initially, the current IX>sition is set to the coordinate I;X>sition 
at the top left corner of the bitmap (0,0). To change the current I;X>sition, 
use the routine GPIL$MJVE. GPR_$MJVE simply changes the current IX>sition, it 
does not draw any lines, as Figure 5-1 shows. 

C X contains 400 
C Y contains 400 

. 
~ GPR_$MDVE (X,Y, status) 

o 
~ 

CURRENT ............. l) 
POSITION 

y 

x 1023 

799 '--________ ~ 

BITMAP BEFORE CALL 

o x 1023 

y * 

799~ ________ ~ 

BITMAP AFTER CALL 

Figure 5-1. Current Bosition and Changed Current Bosition 

CURRENT 
POSITION 
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5.2 DRNVIro AND FILLOO OPERATIONS 

The graI:ilics primitives p:tckage includes routines that draw lines and fill in 
circles, rectangles, triangles, tra};2zoids, and polygons. '!he circle, 
rectangle, triangle, and tra};2zoid routines fill in a s};2cified circle, 
rectangle, triangle, tra~zoid or list of tra~zoids. The IX>lygon routines 
define a IX>lygon, draw and fill it :i.Innediately, or save its definition for 
later drawing and filling. An arc routine and three spline routines draw 
lines through specified points. 

'!he draw-line routines draw lines fran the current IX>sition to the new 
IX>sition, and update 'the current IX>sition to the new IX>sition. The graphics 
primitives compute the pixel values of pixels along a line· as follows. For 
each pixel included in the line, the current draw value oombines with the 
pixel's current val ue, using the raster o~rations in effect. 

The following FORrRAN example and Figure 5-2 show how the graphics primitives 
compute the pixel value as a line is drawn. 

e 
e Set raster op to 00 exclusive OR on plane zero. 
e 

CALL GER_ $SRr_RASTER_ OP (0, 6, STA'IUS) 
e 
e Set the line drawing value to 1. 
e 

O\LL GPR_$SET_DRPW_ VALUE (1, Sl'A'IUS) 
e 
e Draw a line. 
e 

O\LL GER_ $KJVE ( 4, 0, Sl'A'IUS) 
CALL GHL $LINE (7, 11, Sl'A'IUS) 
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0 

1 

2 
3 

4 

V-COORD. 5 

6 
7 

8 

9 

10 

11 

Initial Contents of Bitmap 
(Plane 0) 

X-COORDINATES 

o 1 2 3 4 5 6 7 8 9 10 11 

Final Contents of Bitmap 
(Plane 0) 

X-COORDINATES 

o 1 2 3 4 5 6 7 8 9 10 11 

2 
~--+-

3 
~--+-

4 
~--+-

5 
~--+-

6 
~--+-

7 
~-+-

8 
~----+-+-+---t--

9 
~--i--+--+-+--

10 
~----+-+--+---t--+--

11 
L...-...I.---I.--.L...--.L...---I...--I-_ 

--+-+--t 
V-COORD. 

Figure 5-2.Exam~e of Color Value Computation for Line Drawing 

The rectangle, triangle, and trapezoid routines fill in a specified 
rectangle, triangle, trapezoid or list of trapezoids. '!he rectangle routine 
fills a rectangle I::¥ writing the current fill value into the rectangle 
without regard to its pre;ious oontents or the raster operations in effect. 
The triangle, trapezoid, and multitrapezoid routines oompute the current fill 
value in the same way as the rectangle routine. 

'!he I;X>lygon routines o:r;:en and define the boundaries of a I;X>lygon, and either 
close and fill the p:>lygon immediately, or close the :I;X>lygon and return its 
definition to the program for later drawing and filling. '!he routine 
GPIL$FG(lLIDLYLINE does not draw a :I;X>lygoni the routine defines a series of 
line segments for decomp:>sition into trapezoids for filling operations. 

A polygon's boundary consists of one or more closed loops of edges. '!he 
polygon routine GPIL$START_PGON est~iShes the starting point for a new 
loop, closing off the old loop if necessary. '!he polygon routine 
GPIL$IGCN_IDLYLINE defines a series of edges in the current loop. 

'!he p:>lygon routines GPIL$CLQSE_FILL_lGCN and GPR_$CLQSE_RE:IUmLlGON close a 
:I;X>lygon I::¥ decomp:>sing it into trapezoids. The graphics primitives define a 
trapezoid as a quadrilateral with two horizontally p;trallelsides. The 
polygon routines examine the :I;X>lygon and break it into trapezoids that can be 
filled irrmediately or returned in an array to the program. At a later time, 
the program can reconstruct the :I;X>lygon I::¥ filling the saved trapezoids with 
the multitrapezoid routine. 

The I;X)lygon routines define the interior of a I;X)lygon to be all points fran 
which a semi-infinite line will cross the :I;X>lygon boundary an odd number of 
times. '!he graphics primitives fill :I;X>lygon interiors with the current fill 
value regardless of previous contents. 
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The line drawing and rectangle filling routines are shown in the following 
FORrRAN examples. 

The GPIL$LINE routine draws one line, as shCMn in Figure 5-3. 

C Current position is (400,400). 
C X contains 600. 
C Y contains 200 • 

. , . 
~ G~$LINE (X,Y,status) 

o x 1023 

y / 
799 __________________ _ 

Figure 5-3. Line Drawing Example 
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'!be GPlL$OOLYLlNE routine draws a sequence of connected lines, as Figure 5-4 
shoNs. 

e Current position is (100,100). 
e XARRAY contains values 100, 400, 400, 600. 
e YARRAY contains val ues 200, 100, 500, 200. 
e NBDSITIONS = 4 • 

• 
CALL GPR_$OOLYLINE (XARRAY, YARRAY, NlUSITIONS, srAWS) 

o x 1023 

y 

799 ____________________________ _ 

Figure 5-4. Polyline Drawing Example 
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The GP~$MULTILINE routine draws a sequence of disconnected lines 
(alternating moves and draws), as Figure 5-5 shows. 

C XARRAY contains values 100, 400, 400, 600. 
C YARRAY contains values 200, 100, 500, 200. 
C NIDSITIONS = 4 • 

. 
CALL GPR_$MULTILINE (XARRAY, YARRAY, NroSITIONS, STA'IUS) 

o x 1023 

y 

799 ______________________________ ~ 

Figure 5-5. Multiline Drawing Example 
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r:Ibe GPIL.$RECI'AN3LE routine fills in a rectangle, as Figure 5-6 shows. 

C The rectangle is s~cified l:¥ a data itan of the ~ 
C GPIL$WINIXlV_T. 
C WINIXlV contains values 100, 200, 300, 100. 

• 
• 
• 
CALL GPIL.$RECI'AN3LE (WINIXlV, srAWS) 

o x 1023 

y 

799 ______________________________ ~ 

Figure 5-6. Rectangle Fill Operation 

The follcwing routines draw lines and polygons and f ill areas. 

Line Drawing Operations 

• GPIL$AR~3P -- draws an arc from the current position, through two 
other points. 

• GPIL$CIRQ.,E -- draws a circle with a s~cified radius around a 
s~cified center point. 

• GPIL$DRAW_BOX - draws an unfilled box given two opposing corners. 
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• GP~$LINE -- draws a line fram the current position to the given 
position. The routine then updates the current position to the given 
position. 

• GP~$MULTILINE -- draws a series of disoonnected lines. 

• GPIL$OOLYLINE -- draws a series of oonnected lines. 

• GP~$SPL~CUBIC_P -- draws a parametric cubic s~ine through the 
control points. 

• GP~$Sa..~CUBlc...X -- draws a cubic s~ine as a function of x 
through the oontrol points. 

• GP~$SPL~CUBIC_Y -- draws a cubic s~ine as a function of y 
through the control points. 

Fill Operations 

• GPIL$CIRCLE_FILLED - draws a solid circle around the center point 
with the given radius. 

• GPIL$RECrANGLE -- fills a rectangle. 

• GPIL$TRIAOOLE -- fills a triangle. 

• GPIL$TRAmZOID -- draws and fills a trapezoid. 

• GP~$MULTITRAPEZOID -- draws and fills a list of trapezoids. 

• GPIL$START_BGON -- defines the starting position to create a loop of 
edges for a polygon bounda~. 

• GPIL$FG(lLOOLYLINE -- defines a series of line se9Ilents forming p:1rt 
of a polygon bolU1da~. 

• GP~$CLQSE_FILk.BGON -- closes and fills the currently o~n polygon. 

• GPIL$CLQSE_~BGON -- closes the currently o~n polygon and 
returns the list of tra~zoids within its interior. 
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5.3 TEXT OPERATIONS 

Using the graphics package, a program can mix text characters and graphic 
images in a single bitmap in a Display Manager frame, an acquired window, the 
borrowed display, or main memory. '!be text routines are: 

• GPIL$LOAD_FONr_FILE -- loads a font from a file into the font storage 
area of display memory. A single program may load multiple fonts and 
then set them for use, one at a time. 

• GPIL$UNLOAD_FONT_FILE -- unloads a font. 

• GPIL$SET_CliARACl'EILWIIJ.rH -- set the parameter WIIJ.rH of the sp:cif ied 
character in the specified font. 

• GPR_$INLCliARACl'EILWIIJI'H -- returns the width of the sp:cified 
character in the specified font. 

• GPIL$SE'LHORIZrnrAL_SPACI~ -- sets the p:irameter for the width of 
s:Plcing between displayed characters for the sp:cified font. 

• GPIL$INCLHORIZOOTAL_SPACI~ -- returns the :Plrameter for the width of 
s:Plcing between displayed characters for the specified font. 

• GPIL$INCLSPACE_SIZE -- returns the width of the s:Plce to be displayed 
when a character requested is not in the specified font. 

• GPIL$REPLICAT&...FONT -- Creates and loads a modifiable oop.{ of a 
font. 

• GPIL$SET-pPACE_SIZE -- specifies the width of the s:Plce to be 
displayed when a character requested is not in the specif ied font. 

• GPR_$SET_TEXT_FONr -- selects a loaded font for use in subsequent 
text operations. 

• GPIL$INO-TEXT -- returns the descriptor of the currently set text 
font. 

• GPIL$SET_TEXT_PATH -- specifies the direction in which a line of text 
is written. 

• GPIL$INO-TEXT_PATH -- returns the direction for writing a line of 
text. 

• GPIL$SE'LTEXT_VALUE -- specifies the pixel value to use for writing 
text. 

• GPR_$SET_TEXT_BACKGRClJND_VALUE -- specifies the pixel value to use 
for text background. 
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• G~$INO-TEXT_VALUES -- returns the text and text background pixel 
values. 

• G~$TEXT -- writes text in the current bitmap, beginning at the 
current position and proceeding in the direction specified ~ the 
most recent use of GPlL$SET_TIDcr'_PA'lH. 

• GPlL$INO-TEXT_EXTENT -- returns the width and height, in pixels, of 
the area a text string would span if it were written with G~$TEXT. 

• GPlL$INO-TEXT_OFFSET -- returns the x- and y-offsets from the top 
left pixel of a string to be written ~ G~$TEXT to the origin of 
its first character. This routine also returns the x- or y-offset to 
the pixel which is the new current position after the GBR-$TEXT 
call. This is the y-offset when the text p:lth is vertical. 
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<liAPrER 6 

GRAmIC BIDa< TRANSFERS: BLTs 

'!his chapter describes three ty};es of bit block transfers (BLTs) and their 
uses. '!he differences between calls to the graphics priIritives BLTs and 
display driver BLTs are also presented. 

6.1 FUNcrroN OF BLTs 

A prograr can rrove a rectangular section (a winoow) of a bitrrap frar one 
location in rrain warory to another, one location in display Irarory to 
another, or tack and forth between locations in display and wain rrarory. '!he 
display hardNare and graphics priIritives software iIrplarent these !roves with 
bit block transfers (BLTs). 

A prograxr can use the BLT, for exaxrple, if it has wanipulated bitrraps in rrain 
warory and needs to cop.{ thar to display IrE!rory. Or a prograr !right 
establish a bitrrap with a halftone pattern and then use a BLT to oorrbine the 
halftone bitIrap with an irrage drawn on another bitrrap, to give the iJrage a 
shading effect. 

6.1.1 Bit BLTsr Pixel BLTsr and Additive BLTs 

'!he three ty};es of graphics priIritives BLT oI;erations are as follGls. 

• A bit BLT is an oI;eration that rroves a single plane of the source 
bitrrap to a single plane of the cestination bitrrap. 

• A pixel BLT is an o};eration that Iroves all planes of the source 
bitrrap to the corresp>nding planes of the destination bitIl'ap. 

• An additive BLT is an o~ration that rroves a single plane of the 
source bitIrap to all ururasked planes of the destination bitIrap. A 
prograxr can, for exaIrple, store character fonts and graphic tarp1.ates 
in a COIrpact, rronochraratic fom in a single plane of a bitrrap. 
Later, the prograr can select various oolors for various instances of 
the tarplate by ~rforI1'ing additive BLTs on the single-plane tarplate 
bitIl'ap and the appropriately colored wulti-plane bitrrap. 
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6.1.2 Using a Plaoe Mask With a BLT 

A prograrr can Irask planes of a bitrrap to establish the follCMing: 

• source planes of a pixel BLT o};eration 

• destination planes of a pixel BLT o};eration 

• destination planes of an additive BLT o~ration 

For plane Irasking procedures, see the routine GPlL$S~R..ANE_MASK. 

6.1.3 Using Raster Operations With a BLT 

When a prograrr invokes a BLT with the default raster oJ,:eration, the BLT !roves 
the rectangle and retains all bit values. When the prograr uses a BLT with 
any other raster o};eration, the BLT COIl'bines two rectangles and assigns the 
resultant bit values acoording to the raster oteration of the destination 
bitIrap. 

6.1.4 BLTs for Graphics PriIritives and for the DisplAY Driver 

Table 6-1 shows the differences between calls to the BLTs for graphics 
priIritives and for the display driver. For additional infomation about BLTs 
for the display driver see the DOMAIN &yster Programrer's Reference. 
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Table 6-1. Olaracteristics of Bit Block Transfers 

calls to BLTs 

For Graphics PriIritives 

Source· and destination bitIl'aps can 
be rectangles of different sizes. 

Starting ooordinate p:>sition (origin) 
and height and width cEfine a source 
rectangle (window). Source and 
destination rectangles 
can have different origins.* 

The origin of a bitIrap is always 
at the top left corner. 

BLTs can rrove rectangles between 
display and rrain rrarory. 

*See Figure 6-1. 

SOURCE BITMAP 

SOURCE 
BITMAP 

WINDOW 
ORIGIN } 

SOURCE 
WINDOW 

SOURCE WINDOW 
WIDTH 

For the Display Driver 

Source and destination bitIraps rrust 
be conforrring rectangles. 

Start and end p:>sitions define 
both the source and destination 
arrays. 

The origin of the bitIrap 
can be any corner. 

BLTs can rrove arrays only frar one 
area of display Irarory to another. 

DESTINATION BITMAP 

* DESTINATION 
ORIGIN 

SOURCE WINDOW 
HEIGHT 

Figure 6-1. Inforrration Required for GraIilics BLT 

6-3 Graphic Block Transfers: BLTs 



6.2 '!HE BLT RaJTINES 

'!he graphics BLT routines are as follCMS: 

• GPR...$PlXEILBLT -- J::erforIl's pixel block transfers frar any bitlrap to 
the current bitlrap. 

• GPa...$BIT_BLT -- J::erfoms a bit block transfer frar a single plane of 
any bi tlrap to a single plane of the cur rent bi tlrap. 

• GPa...$ADDITlVE_BLT -- adds a single plane of any bitlrap to all 
Ul'lll'asked planes of the current bitlrap. 

6.2.1 ~le of a BLT Operation 

In a BLT oJ::eration, bits are transferred only on the rectangular area in 
which the source bitlrap, source winoow, and destination cliwing winoow 
intersect (see Figure 6-2). Nothing is transferred outside the ootnlds of the 
bitlrap. For exawple, if the cliwing wincbw of the current bitlrap (the 
destination bitlrap) excludes p:lrt of the destination rectangle that would 
otherwise receive pixels, the size of the actual rectangle Iroved will be 
maller than 'the source window. SiIrilarly, if the source winoow overfla-ls 
the boundaries of the source bitlrap, the size of the actual rectangle Iroved 
will be araller than the source winoow. 
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SOURCE 
WINDOW 
WIDTH 

SOURCE 
WINDOW 
ORIGIN 

HEIGHT 

SOURCE 
WINDOW 

SOURCE BITMAP 

DESTINATION 
ORIGIN 

RECTANGLE 
MOVED AS 
RESULT OF 
THE BLT 

RECTANGLE TO BE 
MOVED BY 
THE BLT 

DESTINATION BITMAP 

OUTLINE OF 

CLIPPING 
WINDOW 
OF DESTINATION 
(CURRENT) 
BITMAP 

SOURCE WINDOW 
SUPER IMPOSED ON 
DESTINATION. ON LY 
SHADED RECTANGLE 
IS ACTUALLY MOVED. 

Figure 6-2. BLT Exarrple: Intersection of Source BitIrap, 
Source Window, ~stination Cliwing Window 
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6.2.2 Exarcple of a BLT With a Raster Operation 

Figure 6-3 shows a source bitIrap in wain warcry, a destination bi1::1l'ap in 
display IrElrory, and the bitIrap created l:¥ using a BLT with raster o~ration 
1, the logical "and" flUlction. 'nle figure shows 0 bits as black, and 1 bits 
as white. 

• II II ••• II II II II ••••• II II II II 
II II II 

• II 
II 

Figure 6-3. Exaxrple of BLT with Raster Op Code = 1 (Logical "and") 

Graphic Block Transfers: BLTs 6-6 



OfAPrER 7 

ClJRSOR CDNIROL AND INRJT OPERATIONS 

'!his chapter describes cursor control and input o~rations. The input 
routines ~nchronize program execution around input events. These events 
include keystroke, mouse or puck buttons, locator and locator stop from 
mouse or touchpad, and window transition. 

7.1 US]N; ClJRSOR CDNTROL 

'!he oomplete set of cursor routines is available in borrow-display and direct 
mode. In frame mode, the cursor is controlled by the Display Manager and is 
always displayed. Therefore, in frame mode, you can change only the cursor's 
J;X>sition. CUrsor routines include the following: 

• GPR-$SET_ClJRSOILACI'IVE -- s~cif ies whether to display the cursor. 
Initially, the cursor is disabled. 

• GPR-$S~ClJRSOILPATTERN -- sets a bitmap pattern' as the cursor 
pattern. '!his bitmap can be a maximum of l6x16 pixels. '!he initial 
cursor size varies, de~nding on the standard font the Display 
Manager uses. 

• GPR-$SET_ClJRSOILOOSITION -- sets a J;X>sition on the screen for display 
of the cursor. The initial cursor IX>sition is (0,0). Programs 
running in frame mode can call this routine. 

• GPR-$S~ClJRSOILORIGIN -- designates one of the cursor's pixels as 
the cursor origin. '!hereafter, when the cursor is moved, the pixel 
designated as the cursor origin moves to the screen coordinate 
designated as the cursor p:>sition, as shown in Figure 7-1. 

7.1.1 Implementation Restrictions on the CUrsor 

When the cursor is active, the cursor pattern is stored in display memory. 
Therefore, programs that op:rate in borrCM-display or direct mode, have the 
potential to interfere with the cursor pattern and/or to cause the cursor to 
interfere with a bitmap pattern. 'lb avoid this problem, disable the cursor 
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before perfor.ming output procedures to any area of the display in which the 
cursor could be located. 

7.1.2 Display Mode and CUrsor Control 

In borrow-display and direct mode, the program has complete control over the 
cursor. In direct mode, the program-defined cursor pattern and origin are in 
effect only within the direct mode window. As the keyboard user moves 
between the direct window and other windows on the screen, the system 
automatically changes the cursor pattern. 

If the program executes in frame mode, program control of the cursor is 
limited. The only cursor control routine that operates in frame mode is 
GPR_$SET_CURSOR_FOSITION, and the program can move the cursor with this 
routine only if it lies within the frame when GP~$SET_CURSOR_FOSITION is 
called. 

o 

8 

. 

BITMAP CONTAINING 
CURSOR PATTERN 

o 8 

SET HERE 

('ALL GPIL$SET_CURSOR_ORIGIN (S,o,srA'IUS) 
('ALL GPR_$SET_OJRSOR_IDSITION (400,400, srATUS) 

Figure 7-1." Cursor Origin Example 
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CURRENT BITMAP 

a 800 
a 

800 

Figure 7-1. CUrsor Origin Example (continued) 

7.2 USING INPUT OPERATIONS 

The graphics primitives };ackage includes a set of routines' that enable 
graphics programs to accept input from various input devices. The input 
routines synchronize program execution around input events. Input routines 
function in all display modes except GPR_$NO_DISPLAY. 

7.2.1 Event IYQes 

An event occurs when input is_ generated in a frame, window, or borrowed 
display. The GPR };ackage supports several classes of event, called event 
types. Programs use an input routine to select the type of event to be 
reported to them; this operation is called enabling an event type. The event 
t~s are the following: 

• Keystroke event -- A keystroke event occurs when you t~ specified 
keyboard characters. Programs can select a subset' of keyboard 
characters, called a keyset, to be recognized as keystroke events. 
Except in borrow-display roode, keys that do not belong to the keyset 
are processed normally by the Display Manager. 

• Button event -- A button event occurs when you press a button on the 
mouse or bitpad puck. 

• Locator event -- A locator event occurs when you move the mouse or 
use the touchpad or bitpad. 

• Locator stop event -- A locator stop event occurs when you stop 
moving the mouse or stop using the touchpad or bitpad. 

• Window transition event -- Except in borro~display mode, the cursor 
" 
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I 

may move into and out of the window in which GPR input is being 
perf orrned. When the cur sor leaves a window used for gr aphics 
display, the input routines rep:>rt to the program an event of type 
GPR_$LEFT_WINIXlV. When the cursor enters the window, the routines 
rep:>rt an event type of GPIL$ENTERED_WINIXlV. 

Enabled input events are stored in attribute blocks (not with bitmaps) in 
much the same way as attributes are. However, you cannot set and in;;{uire 
about input events in the same way that you can attributes. You use 
GHL$ENABLE_INFUT and GPR_$DISABLE_INruT instead of GPR_$SET... and 
GPIL$INQ.... The effect of this difference is the following. When a program 
changes attribute blocks for a bitmap during a graphics session, the input 
events you enabled are lost unless you enable those events for the new 
attr ibute block. 

7.2.2 Event Reporting 

If an event ty~ is enabled, the input routines will rep:>rt each event of the 
enabled type to the program with a cursor position. This position is 
relative to the upper left oorner of the window. 

If the enabled event ty~ is keystroke or button, the input routines will 
return an ASCII character fran the enabled keyset. When defining a keyset 
for a keystroke event, oonsult the systen insert files /SYS/INS/KBD. INS. PAS, 
/SYS/INS/KBD. INS. FIN and /SYS/INS/KBD. INS. C. These files oontain the 
definitions for the non-ASCII keyboard keys in the range 128 through 255. 

The input routines report mouse and bitmap button events as ASCII 
characters. "Down" transitions range from "a" to "d"; "up" transitions range 
from "An to "D". The three mouse keys start with (a/A) on the left side. As 
with keystroke events, button events can be selectively enabled l::¥ sfEcifying 
a button keyset. 

Locator events merely report the x- and y-coordinates of the locator input. 
If the program has not enabled locator events, the GPR software handles any 
locator da.ta itself by moving the arrow cursor around the window. At the 
next occurrence of an enabled event, the GPR software reports the locator 
final cursor position to the program as well as the enabled event. 

As noted above, enabled input events are stored in attribute blocks (not with 
bitmaps) in much the same way as attributes are. When a program allocates 
more than one attribute block, different sets of events are associated with 
each attribute block. The events enabled for a particular bitmap are the 
events stored in the attribute block for that bitmap. You must enable the 
desired events for each window. 

GPIL.$ENABLE_INFUT and GPR_$DISABLE_INruT work on the attribute block of the 
follaving bitmap: the current bitmap if it is a screen bitmap; otherwise, the 
screen bitmap which was most recently current. 
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When you have more than one bi bnap displayed, you can determine the source 
of input in either of two ways: 

-Make certain that you have ena~ed entered-window events for all 
windows. Then raneml:er which window was the last entered. TIlis 
window is the source of the input event. 

You can assign a distinct character to identify each window. To do this, use 
GPR-$SET_WINDOW_ID. This allows you to determine which window was entered 
when an input event occurs of the entered-window tyre. 

7.2.3 Input Routines 

The graphics primitives provide the following routines to rerform input 
orerations: 

• GPR_$ENABLE_INR1T -- ena~es events of a specific event type. If the 
event t.yre is keystroke or button, the routine also enables a 
specific keyset to select which keys or buttons will generate input 
events. Programs must call this routine once for each event type to 
be enabled. 

• GPR_$DISABLE_INR1T -- disables events for the event type previously 
ena~ed with GPR_$ENABLE_INEUT. 

• G~$EVENT_WAlT -- suspends program execution until one of the events 
enabled l::¥ GPR_$ENABL~INEUT occurs. lfthe event ty~ is keystroke 
or button, this routine waits until a manber of the specified keyset 
is input. TIle information returned includes the type of event that 
occurred, the character (if any) associated with the event, and the 
position at which the event occurred. TIle position will be relative 
to the upper left rorner of the window, or, if the mode is 
bor row-display, the screen. 

• GPR_$<X>ND_EVENT_WAIT -- Performs the same function as GPIL$EVENT_WAIT 
except that if no event has occurred, the routine returns to the 
program immediately with an event t~ which indicates that no event 
has occurred (G~$NO_EVENT). 

• GPR_$GET_EC -- returns the eventcount associated with a graphic input 
event. Programs can use this routine in conjunction with 
GPR_$<DND_EVENT_WAIT to wait for a oombination of system events as 
well as GPR input events. 

• GPIL$SET_INIUT_SID -- esta~ishes a selected stream as the standard 
input stream. The default standard input stream is B'IREAM-$STDIN. 
Prograns can only use this call in frame mode. In borrow-display and 
direct modes, input comes directly from the keyboard. 
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• GP~$S~WINDOW_ID -- establishes the character that identifies the 
current bibnap's window. This character is returned py 
GPIL$ENENT_WAIT and GPJL$COND_EYENT_WAIT when they return 
GPJL$ENTERED_WINDOW events. The character indicates which window was 
entered. 

• GPIL$INO-WINDOW_ID -- returns the character that identifies the 
current bitmap's window. 

The calling sequence for each of the input routines is described with the 
other GPR routines in Chapter 11. 
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CliAPI'ER 8 

DIRECI' GRAPHICS IN WINIXlVS 

This chapter describes the routines that graphics programs can call to 
perform input and output to windows. A sample program is included to show 
the input and output calls with other GPR routines. 

8.1 USING DIRECT MDDE 

Programs that select direct mode at initialization (with GPIL$INIT) are 
allowed exclusive access to Display Manager windows for graphics operations. 
In this mode, the GPR software autanatically translates and clips to window 
boundaries all graphics operations, except program access to display manory. 
'!be window boundary used by the GPR software is the inner boundary of the 
Display Manager window, which is five pixels away from the window border seen 
on the screen. 

The next sections describe the routines that graphics programs can call to 
perform input and output to windows. The calling ~ntax for each routine is 
described with the other GPR routines in Chapter 11. 

8.1.1 pirect Graphics Output 

To perform graphics output to a direct window, programs. must a<::quire 
exclusive access to display o~rations within the window l¥ call ing the 
routine GPIL$AOQU~DISPLAY. Programs can only acquire the display for a 
limited amount of time; the default time limit is one minute. However, 
programs can modify the time limit with the routine GPR_$SET.-.J\CXLTIME_<l1T. 
'!he maximun anount of time that a display can be a<::quired is five minutes. 

In direct mode, the program must acquire the display before calling the 
following routines: 

• GP1L$E.VENT_WAIT and GPR_$COND_EVENT_WAIT 

• GPIL$LINE, GPR_$OOLYLINE, GPIL$MULTILINE 

• GPlL$TEXT 
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• GPIL$PIXEL_BLT, GPIL$ADDITIV~BLT, and GPIL$BIT_BLT 

• GPIL$<l..EAR, GP.EL$READ_PIXELS, and GPIL~TE_PIXELS 

• GPIL$RECrANGLE, GPIL$TRIANGLE, GPR_$TRAmZOID, GPR_$MULTITRAFEZOID, 
GPIL$CIR~E, GPR_$CIRCLE_FILLED, GPIL$DRAW_BOX, GPIL$ARc...3P, 
GPIL$SB:. INE_aJB IC_P, GPR_$SB:.INE_aJBIC_X, and GPIL$SPLINE_ClJBIC_Y. 

• GPIL$START_EGCN, GPR_$roCN_OOLYLINE, and 
GPR_$~OSE_RE'lUffiLFGCN 

• GPR_$~lm_BITMAP· 

• GPIL$ENABLE_DIRECI'_ACCESS, GPR_~AIT_FRAME, GPR_$Sm'_CDLOR_MAP and 
GPIL$RE1MP_ CDLOR_MEIDRY 

'!be program can call the other graphics primitives routines at ,any time in 
direct mode, including the cursor routines and any of the set and inquire 
routines. In addition, if the bitmap(s) involved in the drawing calls are 
manory bitmaps (as opposed to screen bibnaps), the display need not be 
acquired. 

GPIL$AOQUIR&-DISPLAY establishes exclusive access to display operations 
within a window. If the display is already acquired when this call is made, a 
count of calls is incranented so that fairs of acquire/release calls can be 
nested. A graphics program releases an acquired display ~ calling either 
GPIL$RELEASE_DISPLAY or GPR_$FORCILRELEASE. '!he first routine releases the 
display only when the value of the internal counter is equal to one i 
otherwise, it decranents the counter. 

If more than one program module has acquired the display, calling 
GPR_$RELEASE_DISB:.AY guarantees that the display will not actually be 
released until all the modules have individually "released" it. The routine' 
GPIL$FORCE_RELEASE releases the display regardless of whether or not other 
program modules are currently using it. 

In general, a program creates a graphic image in direct mode ~ acquiring a 
display, performing sane output, and releasing the display before the timeout 
expires. '!he program repeats this sequence mtil the session is completed. 

If the program has not released the display when the time-out expires and 
another process (for example, the Display Manager) needs the display, an 
acquire time-out fault (SMD_$AQJUIR&-TIMEaJT) is generated in the user 
process. The acquire time-out fault is a warning fault that the program can 
intercept with a clean-up handler or static fault handler. If the program 
does not release the display within a few seconds of the· acquire time-out 
fault, a second fault occurs (with the status code FAULT_$QUIT) and the 
program loses control of the display. 
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8.1.2 Direct Graphics Input 

Programs can also call GPR input routines in direct mode, as well as in frame 
and in borrow-display modes. When ~rforming input in direct mode, the 
program does not need to a<X!uire and release the display explicitly with 
G~$AOQU~DISPLAY and GPR-$RELEASE_DISPLAY. Instead, the program makes 
one call to GPIL$AOQU~DISK..AY. Then, when the progran calls the routine 
GPIL$EVENT_WAIT or GPIL$COND_E.VENT_WAIT, the routine autanatically releases 
and rea<X!uires the display. 

8.1.3 K~board Acquisition and Release 

When a program a<X!uires a display, it automatically acquires control of the 
keyboard from the Display Manager; releasing the display autanatically 
returns keyboard control to the Display Manager. 

If the program controls both the keyboard and the display, typing CI'RL/Q will 
cause a process fault with status code FAULT_$QUIT. On the first crRL/Q, no 
further action is taken. If a second crRL/Q is ty~d with no intervening 
input, the keyboard is forcibly returned to the Display Manager, a second 
fault occurs, and the program loses the display. 

This CTRL/Q action occurs regardless of whether or not crRL/Q is included in 
the keyset s~cified in the call to GPR_$ENABLE_INmT. 'lb disable the crRL/Q 
function, the progran must call the display driver, interface routine 
SMD_$SET_QUIT_CHAR. 

8.1.4 Obscured Windows 

As a result of overall screen activity, such as window push/pop, move/grow, 
and window creation, the window associated with the display to 'be aCXIuired 
can sometimes be obscured. '!he routine GPEL$SET_CBSaJRED_OPr allows the 
program to s~ci~ the action to be taken when the a<X!uire routine encounters 
an obscured window: 

• Pop the window and aCXIuire the display 

• Sus~nd display a<X!uisition until the window becomes unobscured 

• Return to the program without a<X!uiring the display 

• Acquire the display even if the window is obscured 

If the progran chooses to a<X!uire an obscured di-splay, it can use the routine 
GPR_$INO-VIS_LIST to locate any unobscured parts of the window. '!he GPR 
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software does not autanatically clip drawing op:rations to the visible p:1rts 
of an obscured window. The program must I;erform this oI;eration with the 
routine GPIL$SET_Q.,I P_WINIXlV • 

8.1.5 Image Redispla.y 

In direct mode, the use of keyboard actions such as push/pop or crRL/F can 
rEquire that a program redraw the image displayed in a direct-mode window. 
GraIilics programs can refresh an image using one of two methods: 

•. The program can request that the Display Manager save the bitmap 
image in the window and restore it when necessa~ with the routine 
GPR_$SET_AU'IO_REFRESH. '!his method reduces I;erformance but is the 
easier of the two methods to use. 

• The program can provide its own procedure to redraw the image based 
on data the program has saved. '!he program calls 
GP.EL$SET_REF'R&SH_ENrRY to sp:cify the entry point for the procedure. 
The procedure is called t¥ the GPR software whenever the display is 
reacx;Iuired and the Display Manager has indicated that the refresh i~ 
needed. The display is either reacx;Iuired explicitly t¥ 
GPIL$AQJUIRE....DISPLAY or implicitly t¥ GP.EL$EVFNT_WAIT. 

A call to GPIL$SET_AU'lO_REFRESH or GPIL$Sm....REFRESH_ENIRY applies to the 
current bitmap. Hovever, the data from these calls is stored in attribute 
blocks (not with bitmaps) in much the same way as attributes are stored. 
This means that when a program changes attribute biocks for a bitmap during a 
graphics session, the auto refresh and refresh entry procedures are lost 
unless you set than for the new attribute biock. 

8 .1.6 Program Access to Display Memo:r:y 

As in borrow-display Irode, programs may access display memory directly, using 
the call GPIL$I~BITMAP_roINTER. Because the window may not always be 
aligned on a word boundary, the program' must call the routine 
GP.EL$I~BlLBIT_OFFSEI' to establish the window offset from the nearest word 
boundary. '!he GPR software cannot clip program access to display memory; the 
program must I;erform this oI;eration itself using the data returned qy 
GP!L$I~BITMAP_DIMENSIONS. 

8.1.7 Hidden Display Memo:r:y 

To get access to hidden display memory when you are using direct mode, you 
must acx;Iuire the display and use the routine GPR_$ALIDCATE_HIlLBITMAP. A 
program running in an acquired display has exclusive access to hidden display 
manory. However, when the program releases the w~ndow, the oontents of 

Direct Graphics In Windows 8-4 



hidden display manory are no longer protected fran modification by other 
programs. The contents of hidden memory remain intact only so long as no 
other program intervenes. 

A gratbics program can provide its CMl1 procedure to reconstruct hidden 
display manory; the routine GPIL$SET_REFRESH_ENT.RY allows the program to 
s~cify the entry p:>int of the procedure. When the program reaCXIuires the 
display (either explicitly with GPR_$AQ;lUIRE-DISPLAY or implicitly with 
GPR_$ENENT_WAIT), GPR software calls the user-written procedure to reload 
hidden display memory, if another program or the Display Manager has used it 
in the meantime. 

If the graphics program use GP1L$SET_REFRFSH_ENTRY to s~cify both a window 
refresh procedure and a hidden display manory refresh procedure, the hidden 
display refresh procedure is called first. 

Any fonts loaded ~ a program during execution in an acquired display are 
autanatically reloaded when the program reacquires the display. 

8.2 PRCGRAM EXAMPLE 

This section contains a Pascal program that uses direct mode to handle input 
from a user. The program eXfects the user to cb the following: 

• Wait tmtil the display is acquired, at which time a cursor appears 

• TYPe in six characters 

• Operate the touchpad 

At any time, ~ping the character Iql exits from the program. 
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PRCGRAM DIRECr_EXJ.\MFLE; 

%include '/SYS/INS/BASE. INS. PAS I ; 

% incl ude 1/ SYS/INS/ GPR. INS. PAS' ; 

VAA 
event: gpr_$event_t; 
sts: status_$t; 
cur-fX>si tion: gpr_$posi tioILt; 
event_ty};e: gpr_$event_t; 
ch: char; 
i: integer; 
timeout: time_$clocJL.t; 
disp_tm_size: gpr_$off set_t; 
ini t_bi tmap: gpr_$bi tmap_desc_t; 
unobscured: Bool ean; 
fwidth, fhite: integer; 
fname: pacL$strin9-t; 
fnsize: integer; 
fnlen: integer; 
fid: integer; 
start: gpr_$offseLt; 
xend: integer; 

BEGIN 

{ initialize speci~ing direct mode } 

disp_hm-size.~size := 1024; 
disp_hm-size.y_size := 1024; 
gpr_$init( gpr_$direct, stream_$stdout, disp_hm-size, 0, init_bitmap, sts ); 

{ set up text font that will be used in direct window } 

pacL$il'XL-font ( stream_$stdout, fwidth, fhite, fnarne, 80, fnlen, sts ); 
gpr_$loacLfont_file( fnarne, fnlen, fid, sts ); 
gpr_$set_text_font( fid, sts ); 

{ set time-out to 5 seconds } 

tirneout.low32 := 5*250000; 
timeout.highl6 := 0; 
gpr_$set_a~tirne_out(timeout, sts); 

{ set obscured option to fOP the window if it is currently obscured } 
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{ turn on auto refresh so that the IN will refresh the screen when needed} 

gpr_$set_auto_ref resh ( true I sts ); 

{ aa;}uire the display. If the window is obscured, it will be I;X>Pted because 
of the setting of the obscured option } 

unobscured := gpr_$aCXIuire_display ( sts ); 

{ enable keystroke event and characters from 0 to 127 which inc1u~s all 
white keys} 

gpr_$enable_input( gpr_$keystroke, [chr(O) •• chr(127)], sts ); 
gpr_$set_cursor_active( true, sts ); 

FOR i : = 1 '10 6 00 
BffiIN 

{ call event wait and wait for a keystroke event, char, and cursor I;X>s } 

unobscured := gpr_$event_wait ( event, ch, cur_IX>sition, sts ); 

{ print char at present cursor I;X>sition and then move the cursor 
to the next I;X>sition } 

IF event = gpr_$keystroke THEN 
BffiIN 

IF ch = I q I '!HEN RmURN; 
gpr_$set_cursor_active( false, sts ); 
gpr_$moveC cur_I;X>sition.JLcoord, cur_position.y_coord, sts ); 
gpr_$text( ch, 1, sts ); 

{ determine width of character from font, and move 
the cursor l::¥ that amotmt in preparation for the 
next input character} 

gpr_$iIXL-text_offset ( ch, 1, start, xend, sts ); 
cur_I;X>sition.JLcoord := cur_I;X>sition.~coord + xend; 
gpr_$set_cursor-FOsition( cur_I;X>sition, sts ); 

gpr_$seLcursor_active( true, sts ); 
END; 

END-I 

{ disable keystroke event } 

gpr_$disable_input ( gpr_$keystroke, sts); 
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END. 

{ enable keystroke event and the letter Iql } 

gpr_$enable_input ( gpr_$keystroke, [Iql], sts ); 
gpr_$set_cursor_active( true, sts ); 

{ enable locator events} 

gpr_$enable_input ( gpr_$locator, [], sts ); 

{ call event wait and wait for locator events. FollCM cursor returned 
from event wait using gpr_$set_cursor--FOsition. 'Ib quit, ty~ 'q' } 

WHILE 'lRUE IX) 

BEGIN 

END-I 

lmobscured := gpr_$event_wait( event; ch, cur_fOsition, sts ) ; 
IF event = gpr_$locator mEN 

gpr_$set_cursor...,p:>sition( cur_IX>sition, sts ) 
ELSE IF event = gpr_$keystroke mEN EXIT; 

{ di sabl e events } 

gpr_Sdisable_input ( gpr_$keystroke, sts ); 
gpr_$disable_input ( gpr_$locator, sts ); 

{ tenninate direct mode graphics } 

gpr_ $tennina te ( fa! se, sts ); 
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QfAPI'ER 9 

EROORAMMIm INFORMATION 

This chapter lists insert files, data structures with their argument ty~, 
and error messages. 

9.1 INSERT FILES 

Prograns must include the follaving file, appropriate to their programming 
language, to use systan routines: 

Pascal C 

/SYS/INS/BASE.INS.FTN /SYS/INS/BASE.INS.PAS /SYS/INS/BASE.INS.C 

To use graphics primitives routines, prograns must also include the following 
file, appropriate to their programming language. '!hese files contain 
constant definitions req:uired I:¥ the routines. 

FORTRAN Pascal C 

/SYS/INS/GPR.INS.FTN /SYS/INS/GER. INS. PAS /SYS/INS/GPR. INS. C 

9.2 DATA STRUcruRFS 

The graphics primitives use many cammon data structures. These are listed 
with their data types. '!he data Structures and data types are described more 
completely in Chapter 11 with the routines in which they occur. 

9.2.1 Data Structures: PASCAL and C 

The data structures and data ty~.s shown belav are defined in the insert 
files for Pascal and C. 
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Data Structure 

one of: 
GPIL$CREATE, GPIL$UPI1-\TE, 
GPIL~TE, GPIL$REAOONLY 

4-byte integer 

GPIL$BMF_GROOP_HEADEILARRAY_T 

GPR_ $BITMAP_DESC_T 

GPR_$COLOlLT 

GPR_ $COLOIL VECI'OR_T 

GP1L$<xx)RDINATE_ARRAY_T 

GPR_$<xx)RDINATE_T 

GPR_$DIRECI' ION_T 

Programming Infonmation 

array [0 •• GPR_$MruLBMF_GRCUP] of 
GPlL$BMF_GROOP_HEADEILT 

record of six elements: 
N_SECI'S 
PIXEL_SIZE 
ALLOCATED_SIZ E 
BYTES_PEILLINE 
BYTES_PER_SEC!' 
SIDRAGE-OFFSRr 

4-byte integer 

4-byte integer 

2-byte integer, 1.·.B 
2-byte integer 
2-byte integer 
2-byte integer 
4-byte integer 
4-byte integer 

array of GPR_$COLOR_T 

arr ay of GPR_$<xx)RDINATE_T 

2-byte positive integer 

one of: 
GPIL$UP, GPIL$IXlVN, 
GPIL$LEFT, GPIL$RIGHT 

one of: 
GPR_$BW_BOOxl024, 
GPIL$BW_I024xBOO, 
GPIL$COLOR_I024XI024x4, 
GPIL$COLOlLI024XI024xB 

one of: 
GPIL$BORRCW, GPIL$BORRCW_NC 
GPIL$FRAME, GPR_$NO-;-DISFLAY, GPIL$DIRECl' 

GPIL$INIU'.t..EC 
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GPIL$KEYSET_T 

GPR_$IMf\1;n.K;_FORMAT_T 

GPIL$LINE_PATTEmLT 

GPIL$LINESTYLE_T 

GPR_$MASIC.T 

GPIL$OBSaJRED_OPr_T 

GPIL$PlXEL_ARRAY_T 

GPR_$PlXEL_VALUE_T 

GPR_$PLANE_T 

GPIL$IDSITION_T 

GPR_$RASTElLOP_ARRAY_T 

GP!L$RASTER_OP_T 

one of: 
GPlL.$KEYSrROKE, 
GPIL$BUTIONS, 
GP.lL$LOCA'lOR, 
GPlL$ENTERED_WINIXlV , 
GPlL$LEFT_WINIXlV , 
GPlL$LOCA'lOR_STOP, 
GPlL $NO_EVENT 

record of three elements: 
• (}Lcoor<iJ., )Lcoor(l.r, y_coord): GPIL.$COORDlNATE_T 

set of characters 

one of: 
GPlL$INTERAcrIVE, 
GPlL$IMf\1;ING~024xl024x8, 
GPR-$IMAGING_S12xS12x24 

four element array of 2-pyte integers 

one of: 
GPlL.$Sa..ID, GP.EL$OOTrED 

set of 0 •• 7 

one of: 
GPR_$OIC.IF_CBS, 
GPJL$ERR_IF_CBS, 
GPR_$IDP_IF_CBS, 
GPR_$BLOCK_IF_CBS 

record of two elements: 
• (}Lsize, y_size): 0 .• 32767 

array of 4-pyte integers 

4-byte integer 

2-byte integer 

record of two elements: 
• (}Lcoord, y_coord): GPIL$COORDlNATE_T 

array [0 •• 7] of GPlL.$RASTER_OP_T 

O •• 1S 
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GPR_$'rRAP_LIST_T 

GP1L$VERSION_T 

Frogr anming Information 

array of characters 

record of two elements: 
• (top, bot): GPIL$HORIZ_SEG_T 

• (}LcoorcLl, ~coorcLr, y-coord)': 
GPIL$CXORDINATE_T 

record of two elements: 
• (major_version, minor_verson): integer; 

record of two elements: 
• window_base: GP1L$roSITIOl'LT 

• (}Looord, y_ooord): GPIL$CCX>RDINATE_T 
• window_size: GPR_$OFFSRLT 

• (}Lsize, y_size): 0 •• 32767 

array of GPIL$W:rNIX:W_T 
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9.2.2 Data Structures; FORTRAN 

'!be follCMing information on data structures and data typ:s is for use l:¥ 
FURrRAN programmers. Constants corresl,X>nding to the Pascal enunerated typ:s 
are declared in the FURrRAN insert file. 

GPIL$ACCESSJDDEL-T describes the mode of access to external bitmap objects as 
one of the follCMing: 

GPIL$CREATE, 
GPR_$UPmTE, 
GPIL:;WRITE, 
GPIL$REAOONLY. 

This is an 1*2 variable. 

GPIL$ATlRIBt.JTELDESG...-T describes the unique descriptor of an attribute block. 
This is an 1*2 variabie. 

GP1L$BMF_GROOP~T describes the array [0 •• GPIL$MruLBMF_GRa1P] of 
GPR_$BMF_GRCUP_HEADEILT for group headers of an external bitmap. 

GPIL$BMF_GROOP_~T describes the group headers of the external bitmap as 
a record of six elements. In FORrRAN, use the follCMing equivalences: 

Parameter 

1*2 
1*4 

Equivalence 

tLSEcrs 
PIXEL_SIZE 
AI.J.DCATED_SIZ E 
BYTFS_PER-LINE 
BYTES_PER-SECI' 
sroRAG~OFFSET 

(ILgroups =1) 

headers2(8,n-groups) 
headers4(4,n-groups) 

headers2(1,1),headers4(l,1) 

headers2(1,2) 
header s2 (2, n) 
headers2(3,n) 
headers2 ( 4 , n) 
headers4 (3,n) 
header s4 ( 4 , n) 

GPIL$BI'D4AP..J)ESG...-T describes the unique descriptor of a bibnap. 'Ibis is an 
. 1*2 variabie. 

GPIL$CX)LOlLT describes a color value. This is an 1*2 variabie. 

GPIL$CX)LOlL~~T describes a list of color values. This list contains 
4-byte integers, each designating a color value. Use a declaration like the 
follCMing: 
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1*4 OOLOR_VECIDR (n) 
C (1) = FIRST_<DLOR_VALUE 
C (2) = SECDND_OOLOIL VALUE 

G~$OOORD~T describes a list of either x-coordinates or 
y-coordinates. It rontains 2-byte integers. '!he follCMing FORTRAN example 
declares a variable of this ty~. 

1*2 cxx)RDINAT~ (n) 
C (1) = FIRST_)LCOORD 
C (2) = SECDND_}LCOORD 

G~$DIRECl'IOlLT describes the direction of IOOVanent from one text character 
f,X)si tion to the next in the current bitmap as one of the follCMing: 

GPIL$UP, 
GPIL$IOVN, 
GP1L$LEFT, 
GP1L$RIGHT 

This is an 1*2 variable. 

GP1L$DISPLAl...JDNFI(LT describes the display configuration as one of the 
follCMing: 

GPIL$BW_800xl024, 
GPIL$BW_I024x800, 
GPIL$ODLOILI024XI024x4, 
GPIL$ODLOILI024XI024x8 

This is an 1*2 variable. 

GP1L$DISPLAYJDDlt..T describes the display mode as one of the follCMing: 

GP1L$BORRCW , 
GPIL$BORRCW_NC, 
GP1L$FRAME , 
GPIL$NO_DISPLAY , 
GPIL $DIRECr 

This is an 1*2 variable. 

GP1L$EC...$KELT s~cifies which event count to obtain as GPIL$INRJT_EC. rrhis 
is an 1*2 variabie. 
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GP1L$~T sr;ecifies input event tyfes as one of the following: 

GPIL$KEYSTROKE, 
GPIL$Bu:r.roNS, 
GPIL$LOQ\'IOR, 
GPIL$ENTERED_WINIXlV , 
GPIL$LEFr_WINIXlV , 
GPIL$LOQ\TOILSIDP, 
GPIL$NO_E.VENT 

This is an 1*2 variable. 

G~$HORIZ_SEG_T describes a horizontal line segment on the screen. It 
contains three 2-byte integers. '!he first designates the left x-coordinate, 
the second corresIX>nds to the right x-coordinate, and the third designates 
the y-coordinate. In FORmAN, use a declaration like the following: 

1*2 HORIZONTAIt--SillMENT (3) 
C (1) = LEFr_Jt.JDORD 
C (2) = RIGHT_X_CDORD 
C (3) = Y_CDORD 

G~$I~ING_~~T sr;ecifies pixel and bit values with one of the 
follONing: 

GPIL$INTERACI'IVE, 
GPIL$IMAGING-1024xl024x8, 
GPIL$1MAGING_512x512x24 

'Ibis is an 1*2 variable. 

G~$KEYS~T describes a set of characters associated with the graphics 
input event tyfes GPR_$KEYSTROKE and GPR_$BUTIDNS. For a procedure to use in 
building a set of characters, see the routine GPIL$ENABLE_INIUT in <hapter 11 
of this manual. 

G~$LINEiJ>ATl'ERtLT sr;ecifies the bit p:lttern for drawing lines. '!his is 
four-element array of 1*2 variables. The pattern bits are used in the 
follONing order: most significant bit of the first array element to least 
significant bit of the last array element. 

GP1L$LIN&STYLEL.T sr;ecif ies a line as one of two tyfes: 

GPR_$SOLID, 
GPIL$OOTrED 

This is an 1*2 variable. 

GP1L$MASILT describes a set of planes of a bi map. The bi t cor resp:>rlding to 
plane zero is the low-order bit of the word. If a bit of the mask is on, the 
corresIX>nding plane is active. This is an 1*2 variable. 
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GP1L$mSaJRED_OPl._T s~cifies the action for aCXluire-display when the window 
is obscured as one of the following: 

GP1L$OILIF_CBS, 
GPIL$ERR_IF_CBS, 
GPIL$IDP_IF_CBS, 
GP.EL$BLO<lLIF_CBS 

This is anI*2 variable. 

GP1L$OFFS~T describes the width and height of a bitmap or a rectangular 
section of a bitmap. It contains two 2-b¥te integers. The first designates 
the width ()Lsize): the second designates the height (y_size). In FORTRAN, 
use a ~claration like the following: 

I*2 OFFSET (2) 
C (1) = }LSIZE 
C (2) = Y_SIZE 

GP1L$PI~T describes a list of pixel values. It contains4-b¥te 
integers, each designating a pixel value. In FORTRAN, use a declaration like 
the following: 

I*4 PIXE4-ARRAY (n) 
C (1) = FIRSI'_PIXEL_VALUE 
C (2) = SECDND_PIXEL_ VALUE 

GP1L$PI~VALUELT indicates the text· color/intensity value. '!his is a 
4-b¥te integer. 

GP1L$POSITICILT describes an x-, y-coordinate p::>sition on the screen, a 
bitmap, or the cursor. It contains two 2-byte integers; the first designates 
the x-coordinate and the second designates the y-coordinate. In FORTRAN, use 
a declaration like the following: 

INTEGER*2 roSITION (2) 
C (1) = }LCOORD 
C (2) = Y_COORD 

GP1L$l@SI'ElLOP~T describes a list of raster o~ration codes. It 
contains 2-byte integers. In FORTRAN, use a declaration like the following: 

INTEGER*2 Rl-\STEILOP_ARRAY (n) 
C (1) = FIRST_RASTEILOP 
C (2) = SECDND_RASTEILOP 
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GPIL$RA9rElLOP_T s~cifies the value of the raster o~ration code. 'Ibis is 
an 1*2 variable, ranging from 0 to 15. 

GPIL$~T describes a character string for use in GPR-$TEXT calls. In 
FORmAN, use a declaration like the follCMing: 

CliARAcrER SrRIN; (256) 

GPIL$TRAP_T describes a tra~zoid l:¥ s{:ecifying its top and bottan segments 
in GPIL$HORIZ_SEG_T format. GPR_$TRAP_T rontains six 2-byte integers. In 
FORmAN, use a declaration like the follCMing: 

INTEGER*2 TRAPEZOID (3,2) 
C (1,1) = 'lOP_LEFT_X_CDORD 
C (2,1) = 'lOP_RIGHT_}l...CDORD 
C (3,1) = 'lOP_Y_CDORD 
C (1,2) = OOI'IOfJLLEFI'_}l...a:riiID 
C (2,2) = BarroM_RIGHT_X_CDORD 
C (3,2) = B~Y_CDORD 

GPIL$TRAPJ,~T describes a list of tra{:ezoids in GPR_$TRAP_T format. In 
FORmAN, use a declaration like the follCMing: 

INTEGER*2 TRAPEZOID_LIST (3,2,n) 
C (1,1 ~ 1) = 'lOP_LEFT_X_ CDORD 
C (2, 1 , l) = 'lOP_RIGHT_X_CDORD 
C (3,1,1) = 'lOP_Y_CDORD 
C (1,2,1) = I3CJIWM_LEFr_X_CDORD 
C '\ (2,2,1) = OOI'IOfJLRIGHT_}l...CDORD 
C (3,2,1) = B~Y_CDORD 
C (1,1,2) = 'lOP_LEFT_}l...CDORD 
C (2,1,2) = 'lOP_RIGHTJ_CDORD 
C (3,1,2) = 'lOP_Y_CDORD 
C (1,2,2) = BOProM_LEFr_}l...<DORD 
C (2,2,2) = BOI'rOM_RIGHT_X_CDORD 
C (3,2,2) = BarroM_Y_CDORD 
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GPIt..$VERSIQtLT descr ibes the version number on the header of an external 
bitmap file. This is a two-elanent array of two 2-byte integers: a major 
version number and a minor version number. Currently, I:x:>th values must be 
1. 

GPIt..$WINIXl'l_T deser ibes a rectangular window by s~cify ing both its or igin 
(top left oorner; ty~: GPIL$OOSITION_T) and its width and height (type: 
GPIL$OFFS~T) • The width and height are pixel counts and include the origin 
pixel. (For example, a window with the origin at (10,20) and offsets (5,7) 
encom:p:lsses the pixels in columns 10 through 14 and rows 20 through 26, 
inclusive.) GPIL~INIXlV_T contains four 2-byte integers. In order, they 
are the start X coordinate, the start Y coordinate, the X size and the Y 
size. In FOR'lRAN, use a declaration like the following: 

INTEGER*2 WINIXlV (2,2) 
C (1,1) = WINIXlV_srART_X 
C (2,1) = WINroV_srART_Y 
C (1,2) = WINroV_OFFSE':LX 
C (2,2) = WINroV_OFFSE':LY 

GP1L$WINIXlLL~T describes a list of windows in GP1L~IN1XlV_T format. In 
FOR'lRAN, use a declaration like the following: 

INTEGER*2 WINIXl\1 (2,2,n) 
C (1,1 ,1) = WINIXl\1_srART_X 
C (2,1,1) = WINIXl\1_srAR~Y 
C (1,2,1) = WINIXl\1_0FFSET_X 
C (2,2,1) = WINIXl\1_0FFSE':LY 
C (1,1,2) = WINIXlV_srART_X 
C (2,1,2) = WINIXl\1_srART_Y 
C (1,2,2) = WINroV_OFFSET_X 
C (2,2,2) = WINIXl\1_0FFSET_Y 
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9.3 ERROR MESSM;ES 

The following are the possible error messages generated b¥ the graphics 
primitives package. 

GPIL$NOI'_INITIALIZ ED 
GPlL$ALREADY_INITIALIZ ED 
GPIL$tlRCNi_DISHAY_FI.ARrnARE 
GPR_$ILLIDAL_FOILFRAME 
GPIL$MUST_BCERCW_DISPLAY 

GPlL$NO_ATl'RIBUl'ES_DEFINED 

GPIL$NO_ID~SPACE 
GPR_$DIMENSION_'IOO_BIG 
GPIL$DIMEN SION_'lOO_SMALL 
GPIL$BADJ3ITMAP 
GPR_$BAD_ATrRIB~BLOO< 

GPIL$tl~INInl_CXJT_OF_BClJNDS 
GPR_$SaJRCE_CXJT_OF_BClJNDS 

GPR_$DFST_CXJT_OF_BClJNllS 

GPIL$INVALID_PLANE 
GPR_$CANT_DEALLOCATE 
GPR_$CXX>RD_CXJT_OF_BClJNnS 
GPR_$INVALID_CDLORJW> 
GPIL$INVALID_RASTER_OP 
GPIL$BITMAP_IS_READ_CNLY 
GPIL$I~ERROR 
GPIL$FONT_TABLE_FULL 
GPIL$BAD_FONT_FILE 
GPIL$INVALID_FONT_ID 
GPIL~INInl_Cl3S<lJRED 
GPIL$NOI'_llLDlRECl'_IDDE 
GPR_$NOI'_llLIDL YGCN 
GPIL$KBD_OOT_ACQ 
GPIL$DISPLAY_lUI'_ACQ 
GPR_$ILLIDAIt-PlXEL_ VALUE 
GPIL$ILLEIiAL_WHEN_IlJWiING 
GPIL$INVALID_IM1l.Gll'G_FORMAT 
GPIL$MUST_RELFASE_DISPLAY 

GPlL $CANT_MIX_IDDFS 

GPR_$NO_INIUT_ENABLED 
GPIL$DUPLICATILIDIN'IS 

Primitives are not initialized. 
Primitives are alreaqy initialized. 
The display hardvare is wrong. 
~ration is illegal for I:M frame. 
You must bor row the display for this 
op: rati on. 
No attributes are defined for the 
bitmap. 
No more bitmap space is available. 
The bitmap dimension is too big. 
rrbe bitmap dimension is too anall. 
The bitmap descriptor is incorrect. 
The attribute block descriptor is 
incorrect. 
Window origin is out of bitmap bounds. 
Source window origin is out of 
bi tmap rounds. 
Destination window origin is out 
of bitmap bounds. 
The plane nmnber is invalid. 
You cannot deallocate this bitmap. 
Coordinate value is out of bounds. 
The color map is invalid. 
The raster op:ration value is invalid. 
Bitmap is read-only. 
This is an internal error. 
Font table is full. 
Font file is incorrect. 
Font id is invalid. 
Window is obscured. 
Display is not in direct mode. 
No polygon is being defined. 
Keyboard has not been aa;Iuired. 
Display has not been acqui red. 
Pixel value range is illegal. 
Call is illegal in imaging format. 
Format is invalid for display hardvare. 
You must release the display for this 
op:ration. 
You cannot mix display modes, for 
example, borrow and direct. 
No input events are enabled. 
Duplicate I;X>ints are illegal. 
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GPIL$ARRAY_OO':t..SORTED 
GPIL$<liARACI'EILOOT_llLFONr 
GPIL$ILL~FILL_PATrERN 
GPIL$ILLEGAL_FILkSCALE 
GPIL$IN(l)RRECl'_ALIGNMENT 

Progranming Information 

Array must be in ascending order. 
Character is not in a font. 
Illegal bitmap for a fill pattern. 
Fill pattern scale must be one. 
Bitmap layout specifications do 
not satisfy GPR alignment constraints. 
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CHAPI'ER 10 

PRCGRAMS AND TECHNIQ UPS 

This chapter presents sarrple progrars and techniques for using graphics 
prirritives. Prograrrs include a brief Pascal prograrr to illustrate a basic 
prograrrring forrrat. A FORmAN' prograrr illustrates creating a rrarory bibrap, 
drawing a figure, adding text, and selecting a display rrode. other prograrrs 
and techniques include the follCMing: the use of bit plane rrasks; input and 
event wait routines; rubber banding; and display rrodes. 

10.1 EXAMPLE IRCGRAM: PASCAL 

The follCMing prograrr draws a three-sided, elongated box. '!he lines of the 
box are drawn with two line styles -- solid and rotted. Input, oorrpile, and 
run this short prograrr for a derronstration of a few routines. 

prograrr testgpr; 
%nolist; 
%include '/sys/ins/base. ins. p3.S' ; 
%include '/sys/ins/gpr.ins.p3.s'; 
%list; 

{required insert file} 
{required insert file} 

{data structure for size of initial bibrap} 

init_bibrap : gpr_$bibrap_desc_t; {data structure for descriptor of 
initial bibrap} 

attr_desc : gpr_$attribute_desc_t; {data structure for attributes} 

i : integer; {ty~ of value for line drawing} 
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BEGIN 

{Initialization is required. Borrow rrode is chosen here for display.} 

disp_~_size.x-size := 1024; 
disp_~_size.y_size := 1024; 
gpr_$init(gpr_$borrow,l,disp_~_size,O,init_bitwap,st); 

for i:= 100 to 600 do begin 

{C'all gpr_$Wove to change the current I;X)sition.} 

gpr_$Wove (i, i, st); 

{Draw'lines frar the current ~sition to the given I;X)sition.} 

gpr_$line(i+lOO,i,st); 
gpr_$line(i+lOO,i+lOO,st); 

{Change the 1 inesty Ie f rOO' sol id to rotted.} 

gpr_$set-linestyle(gpr_$dotted,5,st); 

{Draw dotted lines frar the new current position to the given I;X)sition.} 

gpr_$line(i,i+lOO,st); 

{Change the line style reck to solid.} 

gpr_$set_line style(gpr_$solid,O,st); 
end; 

{End the use of graphics priIritives. } 

gpr_$teminate (false,st); 
END. 
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10.2 EXAMPLE PR<X;RAM: FOR'IRAN 

This prograrr creates a warory bitIrap, transfers the bitlI'ap to the display 
using a BLT, and adds a caption in the display. '!he progr ar asks the user 
whether to use a frarre of the Display Manager or to borrCM the display. '!he 
progran' uses GPJL$ENABLE_INRJT. '!his routine re:auires a set of characters. 
For a description of the procedure for building a set of characters, see 
GPR.....$ENABLE_INIUT in Olapter 11 of this rranual. 

C This prograr rrust be OOIl'piled with the -1*2 option! 
C 
C 

C 

C 
C 

PRCGRAM DEM) 

Il-1PLICIT INTEX;ER*2 (A-Z) 

C Required insert files 
C 
%INCLUDE 1/ SYS/INS/BASE. INS. FIN I 
%INCLUDE 1/ SYS/INS/ SMOO. INS. FI'N I 
%INCLUDE 1/ SYS/1NS/ERROR. INS. FIN I 
%INCLUDE I/SYS/INS/GPR. INS. FI'N 1 

C 
C 

ClIARACI'ER PNS (3) 
INTmER*2 mOE, UNIT_OR_PAD, FONT 
INTEX3ER*2 BSIZE(2), &llND(2,2) , nroS(2) 
INTEX;ER*2 OOx..J{(4), OO~Y(4), srAR_X(8), srAILY(8) 
INTEX;ER*4 ST, TERM_sr 

C 

INTEX3ER*4 D1SP_DESC, MEM_IESC, ATrILIESC 
IN'I'EX3ER*2 KEY_Sm.'(16) 
INTEX;ER*2 EN_TYPE, &_IDS(2) 
ClIARACI'ER E,V _ ClIAR 
LCGIC'AL mD3SOJRED 

C KEY_SE'!' is a set of all 8-bi t characters. 
C 

C 
C 
C 

~TA KEY_SET /16 * 16#FFFF/ 

Descr ibe the figure to be drawn. 

mTA BO~X / 200, 200, 0, 
DATA BO~Y / 0, 200, 200, 

0/ 
0/ 

DATA STAR_X / 200, 0, 100, 200, 0, 200, 

c 
C 

DATA STAR_Y / 100, 200, 0, 200, 100, 0, 
100, 
200, 

0/ 
0/ 

1010 FORMAT (I fX>. you want to use a Display Manager frarre? I) 
1020 FORMAT (3Al) 

C 
C Ask which way to display the resul t. 
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C 

C 

WRITE (*, 1010) 
READ (*, 1020) ANS 
IDDE = GPIL$BORRrn 
IF (ANS(l) .EQ. 'Y') IDlE = GPR_$FRAME 

C Initialize the graphics priIritives. 
C 

C 

BSIZE(l) = 800 
BSIZE(2) = 800 
UNIT_DR_PAD = 1 
CALL GPR_$INIT (IDDE, UNIT_OR_PAD, BSIZ E, GPIL$HIGHEST_ELANE, 
* DISP_DESC, ST) 
IF (ST • NE. STA'IUS_$OK) GO'lO 9998 

C Allocate an attribute block. 
C 

C 

CALL GPR_$ALIOCATE_ATrRIBUTE_BIDa< (ATrlLDESC, ST) 
IF (ST • NE. STAWS_$OK) GO'lO 9998 

C Allocate a warcry bibrap. 
C 

C 

BSIZE (1) = 201 
BSIZE (2) = 201 
CALL GPIL$ALLOCATE_BITMAP (BSIZE, GP1L$HIGHEST_EL.ANE, ATrlLDESC, 

* MEM_DESC, ST) 
IF (ST .NE. STA'IUS_$OK) OOW 9998 

C Make it the current bibrap. 
C 

C 

CALL GPJ:L$SE'J.'_BITMAP (MEM_DESC, ST) 
IF (ST • NE. STA'IUS_$OK) GOID 9998 

C Draw the figure in it. 
C 

C 

CALL GPIL$lOJE (0, 0, ST) 
IF (Sf .NE. STA'IUS_$OK) rom 9998 
CALL GPIL$IDLYLINE (BO}L.X, OOx-y, 4, ST) 
IF (ST • NE. STA'IUS_$OK) GOIO 9998 
CALL GPIL$roLYLINE (STAR_X, STAR_Y, 8, ST) 
IF (Sl' .NE. STAWS_$OK) rom 9998 

C Invert sare pixels in it. 
C 

CALL GPlL$SET_RABTER_OP(O, 10, ST) 
IF (Sl' • NE. STAWS_$OK) rom 9998 
SVJND(l,l) = 50 
SVJND (2,1) = 50 
SVJND(1,2) = 101 
SVJND (2,2) = 101 
DPOS(l) = 50 
DPOS(2) = 50 
CALL GHL$PIXEk.BLT (MEM_DESC, SVJND, DroS, ST)~ 
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IF (ill' • NE. SI'A'lUS_$OK) GO'ID 9998 
C 
C Make the display the current bitIrap. 
C 

C 

CALL GPIL$SET_BITMAP (DISP_IESC, ST) 
IF (ill' • NE. srA'lUS_$OK) GO'ID 9998 

C IX> the bit block transfer to the display. 
C 

s-lIND (1,1) = 0 
SVIND (2,1) = 0 
SVIND (1,2) = 201 
SWIND(2,2) = 201 
DOOS(1) = 300 
DOOS(2) = 300 
CALL GPR_$PIXEk..BLT (MEM_IESC, s-lIND, DOOS, ST) 
IF (sr • NE. SI'A'lUS_$OK) ooro 9998 

c 
C Write the caption. 
C 

C 

CALL GPIL$LOAD_roNT_FILE (' SID', 3, roNT, ST) 
IF (Sl' • NE. srAWS_$OK) ooro 9998 
CALL GPIL$SE'!'_'IIDcr'_roNT (FONT, ST) 
IF (sr .NE. srA'lUS_$OK) ooro 9998 
CALL GPIL$MNE(375, 550, ST) 
IF (SI' • NE. STA'lUS_$OK) ooro 9998 
CALL GPR_$TEXr ( 'Widget', 6, ST) 
IF (SI' • NE. STA'lUS_$OK) GO'ID 9998 

C If display is borrowed, wait for a key to be struck. 
C 

IF (mDE • EO. GPR.....$BORRCW) '!HEN 
CALL GPR_$ENABLE_INIDT ( GPIL$KEYSTROKE, KEY_BE'!', ST) 
IF (Sl' • NE. STAWS_$OK) ooro 9998 
mmsOJRED = GPIL$E.VENT_WAIT (E,V_TYPE, E.V_CHAR, E.V_IDS, ST) 
IF (Sl' • NE. STA'lUS_$OK) roro 9998 

ENDIF 
C 
C Finish up. 
e 

CALL GPR_$TERMINATE ( • FALSE., ST) 
GO'IO 9999 

C 
C ReIX>rt an error. 
e 
9998 CONTINUE 

rnLL GPR_$TERMINATE ( • FALSE., TERM_Sl') 
CALL ERROR_$PRINT (ST) 

e 
e Exit. 
e 
9999 CDNTINUE 

END 
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10.3 USING BIT PLANE MASKS 

Masking a plane so that a prograr cannot write pixel data to it has a variety 
of uses. One use is to rrask a bit plane that holds a grid. '!he grid rarains 
unchanged when it is displayed with other graphic mages. 'Ibis technique 
requires writing a plane with a grid and then rrasking the plane so that other 
data is not written to it. 

Another use of bit plane Irasks is illustrated t¥ the prograr belcw. This 
prograrr uses an eight-plane refresh buffer to hold two inde~ndent irrages. 
rrhe prograr shows first one irrage and then the other. 'Ibis is acoorrplished 
t¥ careful loading of the color rrap l¥ placing all the 001 or values 
associated with each ~age into appropriate slots of the bi~ap. The prograr 
also daronstrates the use of T~~AIT to set the interval between the 
display of mages. 

prograr planes_exawpl.e; 

%insert '/ sys/ ins/base. ins. p:ls I ; 

%insert '/sys/ins/gpr. ins. IBS , ; 
%insert '/sys/ins/tiIre. ins. IBs' ; 
const 

var 

one_seoond = 250000; 

st: status_$t; 
i: integer; 

bim: gpr_$bi~ap_oosc_t; 
bi tlr_size: gpr_$offset_ti 
bitlr_hLplane: gpr_$plane_t; 

planeJrask: gpr_~aslLt; 
current_value: gpr_$pixel_value_t; 
color_Irap: gpr_$color_vector_t; 
dirr_gray: gpr_$color_ti 

wai t_ tirre: tirre_$cloclL t i 

procedure draw_triangle (x, y: gpr_$coordinate_t) i 

{ Draw a triangle based at x, y. } 

var 

pI, p2, p3: gpr_$positiol'Lt; 

Progrars and Techniques 10-6 



begin {draw_triangle} 
pl. JLcoord := Xi 
pl.y_ooord := y; 
p2.x-coord := X + 150; 
p2.y_ooord := y + 30; 
p3.x-ooord := X + 30; 
p3.y_ooord := y + 150; 
gpr_$triangle (pI, p2, p3, st); 
end; { draw_triangle } 

begin {planes_exaIrple} 

{ Initialize k¥ oorrowing the display and checking the refresh buffer size.} 

bi~_size.JLsize := 1024; 
bi~_size.y_size := 1024; 
bi~_hi_plane := 7; 
gpr_$init(gpr_$borrow, 1, bi~_size, bi~_hi_plane, bim, st); 
gpr_$inr-bi~ap_diIrensions (bitIr, bitlr_size, bitlr_hi_plane, st); 

if bitIr_hLplane = 7 then begin { only if an eight-plane systar } 

{ Blank out mage while you draw it. } 

for i := 0 to 255 do rolorJrap [i] := gpr_$black; 
gpr_$set_colorJrap (0, 256, colorJrap, st); 

{ First, draw a three-plane iwage of overlapping triangles 
in planes 0-2.} 

planeJrask := [0, 1, 2]; 
gpr_$set_planeJrask (planeJrask, st); 
for i := 0 to 7 do begin { 8 oolors } 

current_value := i; 
gpr_$set_fill_value (current_value, st); 
draw_triangle (i*lOO, i*50);, 
end; { for } 

{ Next draw a five-plane mage of overlapping triangles in planes 3-7. } 

planeJrask := [3, 4,5, 6, 7]; 
gpr_$set_planeyask (planeyask, st); 
for i := 0 to 31 do begin { 32 oolors } 

current_value := lshft(i, 3); 
gpr_$set_filLvalue (current_value, st); 
draw_triangle (i*lO, i*25); 
end; { for } 

{ Set up a five-second wait tire. } 

wait_tire.highl6 := 0; 
wait_tiIre.l~32 := 5* one_seoond; 
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{ Now sh~ the first iIl'age and wait five seconds. } 

for i := 0 to 255 do begin { Set up color Il'ap to show planes 0-2. } 
case (i & 7) of { Use the eight Il'ajor colors } 
0: colorJrap[i] := gpr_$black; 
1: colorJrap[i]:= gpr_$blue; 
2: colorJrap[i] := gpr_$green; 
3: colorJrap [i] := gpr_$cyan; 
4: color....wap[i] := gpr_$red; 
5: color....wap [i] : = gpr_$Iragenta; 
6: colorJrap[i] := gpr_$yellCM; 
7: colorJrap[i] := gpr_$white; 

end; { case } 
end; { for } 

gpr_$set_color.Jl'ap(O, 256, color.Jl'ap, st); 
tiIre_$wait (tiJI'e_$relative, wait_tiIl'e, st); 

{ NCM sh~ the second irrage and wait five seconds. } 

diIr_gray := 16 00080808; { gray, 1/32 of white's intensity } 
for i := 0 to 255 do begin { Set up color Il'ap to sh.<M planes 3-7.} 

colorJrap[i] := rshft (i, 3) * diIl'_gray; { use gray scale } 
end; { for } 

gpr_$set_colorJrap (0, 256, colorJrap, st); 
tiIl'e_$wait (tiIl'e_$relative, wait_tiIre, st); 

end; { if bi~_~plane = 7 } 

{ Tenr ina te the use of graphics. } 

gpr_$teminate (false, st) 

end. { planes_exaIrple } 
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10.4 USING INPUT DEVICES 

This prograr draws diagonal vectors as it woves around a window. '!be user 
can interactively change raster operations ~ pressing buttons on the wouse. 

prograr vectors; 

%nolist; 
%include '/sys/ins/base. ins. ISs' ; 
%include '/sys/ins/gpr. ins. pis' ; 
%include '/sys/ins/error. ins. p:lS' ; 
%list; 

const 

var 

inc = 32; 

bitrrap : gpr_$bitrrap_desc_t; 
status : status_$t; 
size gpr_$offset_t; 
line : boolean; 
loop : boolean; 
mots : boolean; 
ev_type : gpr_$event_t; 
keystroke : char; 
position : gpr_$positioO-t; 
start, finish : gpr_$positioO-t; 
di r : (pI us_x, pl us-y, winus_x, winus-y); 
i : integer; 
buttons: gpr_$keyset_t := ['a' ,'b','c','A' ,'B' ,'C']; 

procedure check; 

begin 
if status.all <> status_$ok then 

error_$print (status); 
end; { procedure check } 

begin {prograr} 

{ Initialize to waxiwllI' displayed winoow size. } 

size.x-size := 1024; 
size.y_size := 1024; 

{ Initialize GPR in direct wode for standard output. } 

9Pr_$init(gpr_$direct,str~_$stdout,size,0,bitrrap,status); 
check; 
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{ Find out the size of the bitJrap. GPR 
shrinks the bitIrap to fit the winoow if necessary. } 

gpr_$iIlLbitIrap_diIrensions (bit:Irap, size, i, status); 
check; 
writeln (' size :', size. JLsize, ' l:!i " size.y_size); 

{ Set attributes for FOpping and auto-refresh. } 

gpr_$set_obscureCLopt (gpr_$pop_if_obs, status) ; 
gpr_$set_auto_refresh (true, status); 

{ Enable 'q' and 'Q 1
, buttons, and locator input. All other 

tyr.es of input g:J through the Display Manager. } 

gpr_$enable_input (gpr_$keystroke, [IQ', 'q'] ,status); 
check; 
gpr_$enable_input (gpr_$buttons, buttons, status); 
check; 
gpr_$enable_input (gpr_$locator, [] ,status); 
check; 
gpr_$enable_input (gpr_$locator_stop, [], status); 
check; 

{ Enable display of the cursor. } 

gpr_$set_cursor_active (true, status); 
check; 

{ Initialize variables for the loop} 

loop := true; 
start.JLooord := 0; 
start.y_ooord := 0; 
finish.JLooord := size. x_size - 1; 
finish.y_ooord := size.y_size - 1; 
dir .= plus x· . - , 
{ Acqui re the display and begin the loop. } 

unobs := gpr_$acquire_display (status) ; 
check; 
repeat 

{ Move to a new position and draw a vector. } 

gpr_$Wove (start.)Looord, start.y_ooord, status); 
check; 
gpr_$line (fWsh.JLooord, finish.y_ooord, status); 
check; 

{ The CASE statarent calculates the coordinates for the 
next vector. 'Ihe starting };X>int for the vector is 

Progrars and Techniques 10-10 



initially the upper left corner of the window: the 
vector 11'oves arolIDd the winCbw frar there. Fbr exaxrple, 
if the direction is :fX)sitive for x (plus_x), the 
x-coordinate of the starting point is incrarented 
l:¥ inc, the x-coordinate of the ending point is 
decrarented l:¥ inc, and the y-coordinates rmain 
constant. } 

case dir of 

pl us_x ; begin 
start.)Looord := start.)Looord + inc; 
finish.)Lcoord := size.)Lsize - 1 - start.)Lcoord; 
if (start.)Lcoord >= size.)Lsize - 1) then begin 

end; 

start.)Lcoord := size.)Lsize - 1; 
finish.)Lcoord := 0; 
dir := plus-y; 
end; 

pI us-y : begin 
start.y_coord := start.y_coord + inc; 
finish.y_coord := size.y_size - 1 - start.y_coord; 
if (start.y_coord >= size.y_size - 1) then begin 

end; 

start.y_coord := size.y_size - 1; 
finish.y_coord := 0; 
di r : = II'inus_x; 
end; 

11' inus_x : begin 
if (start.)Lcoord <= inc) then begin 

start.)Lcoord : = 0; 
finish.)Lcoord := size.)Lsize - 1; 
dir := II'inus-y; 
end 

else begin 
start.)Lcoord := start.)Looord - inc; 
finish.)Lcoord := size.)Lsize - 1 - start.)Lcoord; 
end; { if then else} 

end; 
11'inus-y : begin 

if (start. y_coord <= inc) then begin 
start.y_coord := 0; 
finish.y_coord := size.y_size - 1; 
dir := plus_xi 
end 

else begin 
start.y_coord := start.y_coord - inc; 
finish.y_coord := size.y_size - 1 - start.y_coord; 
end; {if then else} 

end; 
end; {case} 
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{ NCM look for user input. } 

unobs := gpr_$concLarent_wait (ev_ty~, keystroke, p:>sition, status); 
check; 

case ev_tyIS of 

{ 'IYIS 'q' or '0' to exit frar the prograr. } 

gpr_$keystroke: begin 
case keystroke of 
'0' ,'q': loop := false; 
end; {case keystroke} 

end; {gpr_$keystroke} 

{ Move the cursor. } 

gpr_$locator : begin 
gpr_$set_cursor-PQsition(position,status); 
end; 

{ Change the raster ops. } 

gpr_$buttons: begin 
case keystroke of 
'a' : gpr_$set_raster_op (O,l,status); 
'b' : gpr_$set_raster_op (O,6,status); 
'c' : gpr_$set_raster_op (O,15,status); 
end; {case} 

end; {gpr_$buttons} 

end; {case ev_ty}:e} 
until not loop; 

{ Exit neatly; release the display and tenrinate the use of GPR. } 

gpr_$release_display (status); 
check; 
gpr_$ter.w ina te (true,status); 
check; 
end. 
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10.5 USING RUBBER BANDING 

'!he follCMing prograr allCMs the user to draw lines on a Ironochraratic 
display. As a line is being placed, you are provided with feedback known as 
'rubber tanding'. 'Ibis weans that the line defined by the first end point 
and the current location of the cursor is oontinually draHn and erased as a 
new cursor location is obtained. 'Ibis is acoorrplished by drawing and 
redrawing the saIl'e line with the 'exclusive or' raster_op set. 

'Ib begin or terrrinate lines, use either of the first two Irouse buttons. Use 
the last rouse button to end the prograrr. Alternatively, you can use the 
first two prograrr flU1ction keys to begin and tenrinate lines and the third 
flU1ction key to end the prograr. 

FROORAM rubberband; 

%nolist ; 
%include '/sys/ins/base. ins. ISS' ; 
%include '/sys/ins/gpr. ins. p:ts , ; 
%include '/sys/ins/error. ins. p:ts' ; 
%include '/sys/ins/kbd. ins. p:ts , ; 
%list ; 

CDNST 
black = 0 ; 
white = 1 ; 

VAA 
offset : gpr_$offseLt ; 
pos : gpr_$posi tioILt ; 
i : integer ; 
b_desc : gpr_$bi brap_desc_t ; 
status : status_$t ; 
size: gpr_$offset_t; 
IrouseJ:>uttons : gpr_$keyset_t := ['a', 'b', lei]; 
pfks : gpr_$keyset_t := [klxL$fl, kbcL$f2, kbcL$f3]; 
nulLbuttons : gpr_$keyset_t := [ ] ; 
first : boolean ; 
et : gpr_$event_t ; 
ed : char ; 
last, anchor : gpr_$posi tioILt ; 
hose : boolean ; 
rect : gpr_$window_t; 

BEGIN 
offset.x-size := 800 ; 
offset.y_size := 800 ; 
gpr_$ini t (gpr_$borrow, 1, offset, 0, b_desc, status ) ; 
poSe x-ooord := 400 ; 
poSe y_ooord := 400 ; 

{ Place a filled obj ect for visual interest.} 
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rect.winOOw_base.lLcoord := 220; 
rect. window_base. y_coord := 180; 
rect.window_size.lLsize:= 220; 
rect.window_size.y_size:= 180; 
gpr_$rectangle ( rect, status); 

gpr_$enable_input (gpr_$buttons, rouse_buttons, status ; 
gpr_$enable_input (gpr_$keystroke, pfks, status ); 

REPEAT 
first := true ; 
{ Set 'exclusive or' raster op. } 
gpr_$set_raster_op ( 0, 6, status ) ; 

{ Wait for the inital rouse key to begin. } 
gpr_$set_cursor_act.ive ( true, status ) ; 
hose := gpr_$event_wait ( et, ed, IX>s, status ; 
gpr_$set_cursor_active ( false, status ) ; 
if ((ed = 'c') or (ed = kbcL$f3» then exit; 
anchor .lLcoord := IX>s.lLcoord i 
anchor. y_coord := p:>s. y_coord ; 
gpr_$rove ( anchor.lLcoord, anchor.y_coord, status) ; 

gpr_$enable_input (gpr_$locator, nul Lbuttons , status ) ; 

{ Rubberband to the locator fOsition until rouse key. } 

REPEAT 
hose := gpr_$event_wait ( et, ed, fOs, status ) ; 
IF et = gpr_$locator mEN begin 

IF not first THEN begin 
gpr_$rove ( anchor .lLcoord, anchor .y_coord, status ; 
gpr_$line ( last.lLcoord, last.y_ooord, status ) ; 
end 

ELSE 
first := false ; 

gpr_$set_draw_value ( white, status ) ; 
gpr_$Irove ( anchor.)Lcoord, anchor.y_coord, status i 
gpr_$line ( pos.)Lcoord, fOs.y_coord, status) ; 

last.)Lcoord := p:>s.)Lcoord i 
last.y_coord := p:>s.y_coord i 
end ; { if locator } 

UNl'IL ((et = gpr_$buttons) or (et = gpr_$keystroke» i 

{ NCM really draw the line with noma! a raster_op. } 

gpr_$set_raster_op ( 0, 3, status); 
gpr_$Irove ( anchor.lLcoord, anchor.y_coord, status) i 
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gpr_$line ( last. )Lcoord, last.y_coord, status 

gpr_$disable_input ( gpr_$locator, status ) ; 
UNrIL false; 

gpr_$teminate ( false, status ) ; 

END. 

10.6 S'lORING A BITMAP ~ERNALLY 

. , 

The fo11CMing two exarrples illustrate how to create of bitIrap for external 
storage' and cop.{ it to a bibrap file. '!be second eXaIrple shows how to access 
the stored bi map and display it. 

prograw ~p_screen; 
%no1ist; 
%inc1ude I /sys/ins/base. ins. p:l.s I ; 

%include I /sys/ins/gpr. ins. p:l.s I ; 

%list; 

var 
window 
hi--plane 
groups 
bitIrap 
status 
version 
header 
attribs 
filebY' 
created 

gpr_$window_t := [[0,0],[1024,1024]]; 

begin 

gpr_$plane_t := 7; 
integer := 1; 

: gpr_$bimap_desc_ti 
status_$t; 
gpr_$versioJLt; 
gpr_$l:Jrf_group_header_array _t; 
gpr_$attribute_desc_ti 
gpr_$bi tIrap_desc_t; 

: boolean; 

gpr_$lni t (gpr_$borrowJlc, 1, winoow. window_size, hLplane, bi map, status) ; 
gpr_$i~bitIrap_dirrensions(bitIrap,winoow.window_size,hi~ane,status); 
header [0] .ILsects := hi_plane + 1; 
header [0] .pixeLsize := 1; 
header [0] .al1ocated-size := 0; 
header [0] .bytes_~rJine := 0; 
header [0] .bytes_~r_sect := 0; 
gpr_$al1ocate_attribute_block(attribs,status); 

{Use the access p:l.rareter gpr_$create for creating a bitIrap file.} 

gpr_$o~ILbitIrap_file(gpr_$create,'scr~~p.bwf',15, 
version, window. window_size, groups, header, 
attribs,filebw,created,status)i 
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gpr_$set_bi~ap(file~,status); 
gpr_$pixe1_b1t(bi~ap,window,window.window_base,status); 
end. 

'!his progrm opens the created bitIrap file for display in read only IrOde. 

prograw show_screen; 
%no1ist; 
%inciude '/sys/ins/base.ins.p:ls'; 
%inciude '/sys/ins/gpr. ins. {as I ; 

%list; 

var 
winCbw 
hLplane 
groups 
bi~ap 
status 
version 
header 
attribs 
filelF 
created 

gpr_$wincbw_t := [[0,0], [1024,1024]]; 
gpr_$p1ane_t := 7; 
integer; 
gpr_$bi~ap_desc_t; 
status_$t; 
gpr_$versiolLt; 
gpr_bf_group_header_array_t; 

: gpr_$attribute_desc_t; 
gpr_$bi tIrap_desc_t: 
boolean; 

begin 
gpr_$init(gpr_$borrow,l,window.window_size,~~ane,bitIrap,status); 
gpr_$allocate_attribute_block(attribs,status); 
gpr_$opelLbi~ap_file(gpr_$readonly,'screelL~p.~f',15, 

version,window.window_size,groups,header, 
attribs,file~,created,status); 

gpr_$pixel-blt(file~,window,window.window_base,status); 
end. 
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10. 7 USING DISPLAY mIlES 

'!he choice of display IrOde depends on which characteristics work best with 
your graphics o~ration. '!he four zrodes and their characteristics are as 
fol1CMS. 

10.7.1 Borrow-Di~l~ Mode 

Advantages 

• AllCMs use of the entire screen 

• Gives control over the entire color wap. 

• Provides the option of not clearing the bit:Irap. 

Disadvantages 

• Uses entire screen 

• Susy;ends Display Manager; other processes are not irnrediately available. 

Because of its full-screen display, borrON-display rode is useful for sare 
applications prograrrs. Borrav-display aCX}uires the display hardNare. '!his 
gives you control over the entire color wap, including the colors otherwise 
reserved for the display rranager. Havever, other processes are not available 
until the borrONing prograw returns the display. 

BorrON-display rrode is required for irraging fomats because these forrrats 
reoonf igure the enti re ref resh buffer. 

10.7.2 Direct Mode 

Advantages 

• Offers the ~rfonrance of borrON-display IrOde. 

• can use any rectangular FSrt of the screen. 

• Retains the use of the Display Manager. 

Disadvantages 

Ibes not allCM control of the entire color wap. 
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In direct Irode, the prograr re~atedly acquires and releases the display for 
brief ~rio<E for graphics o~rations. 'Ibis gives the advantages of s];eed 
of o~ration while preserving the Display Manager IS oontrol aver display 
fmctions such as cllanging the window size and scrolling. Direct Il'ode allows 
other processes to share the display. 

10.7.3 Frawe Mode 

Advantages 

• Reserves an area within a tad for graphics display. 

• can scroll an mage out of view; redraws the mage when it is pushed 
or IX>pped. 

• Facilitates scaling. 

• can use high-level I/O calls such as READ and WRITE 

• can leave an mage in the IBd for later viewing 

Disadvantages 

• Prograr executes Il'ore slCMly than in borrCM display IrOde. 

• "Player piano" effect: When an iIrage has had Il'any cllanges since the 
last call to GPIL$Q.,EAR, all sucll cllanges are played tack. '!his 
play ing back, whicll occurs when the window is redrawn for any reason, 
way take a noticeable ~riod of tiIre to ooIl'plete. 

• Fraxre Irode places sare restrictions on GPR o~rations (see Section 
2.2.3 and descriptions of routines in Olapter 11). 

Frarre Il'ode is generally considered the easiest to use. It is awropriate for 
siIl'ple, noninteractive applications. 
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10.7.4 Nb=Di~lRY Mode 

Advantages 

• Allocates a bitIrap frar wain warory 

• can ~rforrr graphic o~rations to the bitIrap while t¥IBssing the 
display. 

• can create bi trraps larger than the display. 

• can file the bitrrap or send it to a ~riPleral device, such as a 
printer 

Disadvantages 

J:k>es not display mages 
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CHAPrER 11 

USER CALLABLE rouTINES 

This chapter describes graphics primitives routines in tenms of format and 
parameters. The routines are organized alphabetically for reference. A 
listing by category introduces the routines. 

11.1 FUNCI'IONAL LIS!' OF rouTINES 

Use the following listing by functional category to help you find the 
routines you want. Some calls are included in more than one category. To aid 
identification, each call is described briefly. 

Initialize/Terminate Graphics package 

GPIL$INIT 
Initializes the graphics primitives package. 

GPR_$'rERMINATE 
Tenminates the graphics primitives package. 

Inguire Display Configuration 

GPR_$INL<DNFIG 
Gives the value of the current display configuration. 

Establish, Delete, Identify Bitmaps 

GPR_$ALLOCATE_BIrrMAP 
Allocates a bitmap in main memory and returns a bitmap descriptor. 

GPR_$ALLOCATE_BI'IMAP_NC 
Allocates a bitmap in main memory without setting all the pixels in the 
bitmap to zero, and returns a bitmap descriptor. 

GPR_$ALLOCATE_HI:l4_BI'IMAP 
Allocates a bitmap in hidden display memory. 
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GPJL$DEALLOCATE_BI'mAP 
Deallocates an allocated bitmap. 

GPR_$INQ...BITMAP 
Returns the descriptor of the current bitmap. 

GPR_$ INQ...BI'mAP_DI MENS IONS 
Returns the size and number of planes of a bitmap. 

GPR_$INQ...WINroV_ID 
Returns the character that identifies the current bitmap's window. 

GPR_$OPEN_BI'IMAP_FlLE 
Opens a file for external storage of a bitmap. 

GPR_$SET_BITMAP_DIMENSIONS 
Modifies the size and the number of planes of a bitmap. 

GPR_$SET_WINIX:M_ID 
Establishes the character that identifies the current bitmap's window. 

Access Bitmaps 

GPR_$ENABLE-DIRECl'_ACCESS 
Ensu,res the completion of display hardware operations before the 
program uses the pointer to access display memory. 

GPR_$INQ...BI'IMAP_mINTER 
Returns a pointer to bitmap storage in virtual address space. This routine 
also returns the offset in memory from the beginning of one scan line 
to the next. 

GPR_$INQ...BM_BIT_OFFSET 
Returns the bit offset that corresponds to the left edge of a bitmap in 
virtual address space. 

GPR_$SET_BITMAP 
Establishes a bitmap as the current bitmap for subsequent operations. 

GPR_$REMAP_<X>LOR_MEIDRY 
sets the single plane of color display memory to access directly. 

GPR_$REMAP_<X>LOR_MEmRY_l 
sets the planp, of hidden color display memory. This plane is mapped 
at the address returned by GPR_$INQ...BITMAP_mINTER. 
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Establish, Delete, Identify Attribute Blocks 

GPR_$ALLOCATE_ATI'RIBUIE_BLOCK 
Allocates a data structure that contains initial settings for bitmap 
attributes. The routine also returns the descriptor for the data 
structure. 

GPIL$A'ITRIBU'IE_BLOO< 
Returns the descriptor of the attribute block associated with the 
given bitmap. 

GPR_$DEALLOCA'lE_A'ITRIBUTE_BLOO< 
Deallocates an attribute block allocated by GPIL$ALLOCATE_A'ITRIBU'lE_BLOO<. 

GPIL$SET_A'ITRIBUTE_BLOO< 
Associates an attribute block with the current bit map. 

Set Attributes 

GPIL$SET_CLIP_WINro-l 
Changes the clipping window for the current bibnap. 

GPR_$SET_CL IPPI NG_ACl'IVE . 
Enables/disables a clipping window for the current bitmap. 

GPIL$SET_(xx)RDINATE_ORIGIN 
Establishes x- and y-offsets to add to all x- and y-coordinates 
used as input for these operations: moving the current IX>sition, 
line drawing, and block transfers. 

GPIL$SET_DRAW_ VALUE 
Specifies the color/intensity value to use to draw lines. 

GPR_$SET_FIIL_BACKGR:XJND_ VALUE 
Specifies the color/intensity value to use for drawing the background 
of tile fills. 

GPR_$SET_FIIL_PATTERN 
Specifies the fill pattern to use for the current bitmap. 

GPR_$SET_FIIL_ VALUE 
Specifies the color/intensity value to use to fill rectangles. 

GPR_$SET_LINE_PATTERN 
Establishes the pattern used in drawing lines. 

GPIL$SET_LINESTYLE 
Specifies the linestyle as solid or dashed. 
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GPR_$SET_PLANE_MASK 
Establishes a plane mask that specifies which planes to use for 
subsequent write operations. 

GPR_$SET_RAm'ER_OP 
Specifies a new raster operation for both BLTs and lines. 

GPJL$SET_TEXT_BACKGroJND_ VALUE 
Specifies the color/intensity value to use for text background. 

GPR_$SET_TEXT_FONT 
Establishes a new font for subsequent text operations. 

GPR_$SET_TEXT_ VALUE 
Specifies the color/intensity value to use for writing text. 

Retrieve Attributes 

GPR_$INCLCDNSTRAINrS 
Returns the cliwing window and plane mask used for the current bitmap. 

GPR_$INQ...<XX>RDlNATE_ORIGIN 
Returns the x- and y-offsets added to all x- and y-coordinates used as 
input to move, line drawing, and BLT operations on the current bi trna.p. 

GPR_$INCLDRAW_ VALUE 
Returns the color/intensity value used for drawing lines. 

GPR_$INQ...FILL_BACKGroJND_ VALUE 
Returns the color/intensity value used for drawing the background of 
tile fills. 

GPR_$INCLFILL_PATrERN 
Returns the fill pattern in use for the current bitmap. 

GPR_$INQ...FILL_VALUE 
Returns the color/intensity value used for filling rectangles. 

GPR_$IN<LLlNE_PATrEEN 
Returns the p:tttern used in drawing lines. 

GPR_$INCLLlNESTYLE 
Returns the current line style. 

GPR_$IN(LRASTEILOPS 
Returns the raster operations in use for the current bitmap. 

GPR_$IN(LTEXT 
Returns the text font and text p:tth used for the current bitmap. 
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GPIL$INC,LTEXT_OFFSET 
Returns the x- and y-offsets from the top left pixel of a string to 
the origin of the string to be written b¥ GPIL$TEXT to the origin of its 
first character. This routine also returns the x- or y-offset to the 
pixel which is the new current position after the text is written 
wi th GPR_$TEXT. 

GPR_$INCLTEXT_VALUES 
Returns the current values of color/intensity for text and text 
background in the current bitmap. 

Color Qperations 

GPIL$COLOR_ZOOM 
Sets the zoom scale factor for a color display. 

GPR_$SELECI'_COLOR_FRAME 
Selects whether frame 0 or frame 1 of the color display ~ory is visible. 

Set/Inquire Color Map 

GPR_$SET_COLOR_MAP 
Establishes new values for the color map. 

GPR_$INQ .. JDLOR_MAP 
Returns the current color map values. 

Block Transfer (BLT) 

GPR_$AIDITIVE_BLT 
Adds the single plane of any bitmap to the current bitmap. 

GPR_$BIT_BLT 
Performs a bit block transfer from a single plane of any bitmap to a 
single plane of the current bitmap. 

GPR_$PIXEL_BLT 
Performs a pixel block transfer from any bitmap to the current bitmap. 

set/Ingyire CUrrent position 

GPR_$MJVE 
Changes the current position. 

GPR_$INC2...CP 
Returns the current position in the current bitmap. 
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Line Drawing Qperations 

GPR_$ARC_3P 
Draws an arc from the current J:X>si tion, through two other J:X>ints. 

GPR_$CIRCLE 
Draws a circle with a specified radius around a specifed center point. 

GPR_$DRAW_OOX 
Draws an unfilled box given two opposing corners. 

GPIL$LINE 
Draws a line from the current J:X>sition to the given J:X>sition. The routine 
then updates the current J:X>sition to the given position. 

GPR_$MULTILlNE 
Draws a series of disconnected lines. 

GPR_$POLYLlNE 
Draws a series of connected lines. 

GPR_$SPL lNE_CUB IC_P 
Draws a parametric cubic spline through the control points. 

GPR_$SPLlNE_CUBIC_X 
Draws a cubic spline as a function of x through the control points. 

GPR_$SPL lNE_CUB IC_Y 
Draws a cubic spline as a function of y through the control points. 

Fill Qperations 

GPIL$CIRCLE_FILLED 
Draws and fills a circle with a specified radius around a 
specified center point. 

GPIL$RECI'ANGLE 
Fills a rectangle. 

GPIL$TRIAOOLE 
Fills a triangle. 

GPIL$TRAPEZOID 
Draws and fills a trapezoid. 

GPR_$MULTITRAPEZOID 
Draws and fills a list of trapezoids in the current bitmap. 
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GPR_$START_rooN 
Defines the starting position to create a loop of edges for a 
polygon boundary. 

GPIL$PGON_OOLYLlNE 
Defines a series of line segments forming part of a polygon boundary. 

GPR_$CLOSE_FIIL_~ 

Closes and fills the currently open polygon. 

GPR_ $CLOSE_RE'IUmLRKN 
Closes the currently open polygon and returns the list of trapezoids 
within its interior. 

Text Qperations 

GPR_$IN<LCHARAcrER_WIDTH 
Returns the width of the specified character in the specified font. 

GPR_$IN<LIDRIZONTAL_SPAClt'G 
Returns the parameter for the width of spacing between displayed 
characters for the specified font. 

GPIL$IN<LSPACE-SIZE 
Returns the width of the space to be displayed when a character 
requested is not in the specified font. 

GPR_$IN<LTEXT 
Returns the text font and text path used for the current bitmap. 

GPIL$IN<LTEXT_EXTENT 
Returns the x- and y-offsets a string spans when written by GP1L$TEXT. 

GPIL$IN<LTEXT_OFFSET 
Returns the x- and y-offsets from the top left pixel of a string to 
to the origin of the string's first character. This routine also returns 
the x- or y- offset to the pixel which is the new current position 
after the text is written with GPIL$TEXT. 

GPR_$IN<LTEXT_PATH 
Returns the direction for writing a line of text. 

GPR_$IN<LTEXT_ VALUES 
Returns the current values of color/intensity for text and text 
background in the current bitmap. 

GPR_$LOAD_FONT_FILE 
Loads a font from a file into the display's font storage area. 

GPIL$REPLlCATE_FONT 
Creates and loads a modifiable copy of a font. 
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GPR_$SET_CHARACI'EILWIDTH 
Specifies the width of the specified character in the specified font. 

GPR_$SET_OORIZONTAL_SPACI~ 
Specifies the parameter for the width of spacing between displayed characters 
for the specified font. 

GPR_$SET_SPACE_SIZE 
Specifies the width of the space to be displayed when a character 
requested is not in the specified font. 

GPR_$SET_'IEXT_BACKGIaJND_ VALUE 
Specifies the color/intensity value to use for text background. 

GPR_$SET_'lEXT_FONT 
Establishes a new font for subsequent text operations. 

GPR_$SET_'IEXT_PA'lli 
Specifies the direction for writing a line of text. 

GPR_$SET_'lEXT_ VALUE 
Specifies the color/intensity value to use for writing text. 

GPIL$TEXT 
writes text in the current bitmap, beginning at the current 
position and proceeding in the direction specified b¥ the most recent 
use of GPIL$SET_TEXT_PA'IH. 

GPIL$UNLOADJ'ONT_FILE 
Unloads a font that a program has loaded with GPIL$LOAD_FONT_FILE. 

CUrsor Control 

GPIL$IN(,LaJRSOR 
Returns information about the cursor. 

GPIL$SET_aJRSOR_ACTIVE 
Specifies whether the cursor is displayed. 

GPR_$SET_aJRSOILORIGIN 
Defines one of the cursor's pixels as the cursor origin. 

GPR_ $SET_aJRSOR_PATl'ERN 
Loads a cursor pattern. 

GPR_$SET_aJRSOR_FDSITION 
Establishes a position on the screen for display of the cursor. 
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Clear Pixel Values 

GPIL$CLEAR 
Sets all pixels in the current bitmap to the given color/intensity value. 

Read/Write Pixel Values 

GPR_$READ_PIXELS 
Reads the pixel values from a window of the current bitmap and stores 
the values in the pixel array. 

GPR_~RITE_PIXELS 
writes the pixel values from a pixel array into a window of the current 
bitnap. 

Postpone Color Display Modification 

GPR_~AIT_FRAME 
waits for the current frame refresh cycle to end before executing 
operations that modify the color display. 

Input Qperations 

GPR_$COND_ENENT_WAIT 
Returns information abut the occurrence of any event without entering 
a wait state. 

GPIL$DISABLE_INPUT 
Disables a previously enabled event type. 

GPR_$ENABLE_INRJT 
Enables an event ~ and a selected set of keys. 

GPIL$ENENT_WAIT 
Wai ts for an event or tntil a time-out value is reached. 

GPR_$GET_EC 
Returns the address of the event count associated with a graphic event. 

GPIL$SET_INPUT_SID 
Specifies the input p:ld from which programs take graphics input. 
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Direct Graphics Qperations 

GPR_$ACQUIRE_DISPLAY 
Establishes exclusive access to the display hardware and the display 
driver. 

GPIL$FORCE_RELEASE 
Releases the display regardless of row nany times is has been aO,]uired. 

GPR_$INO-VIS_LIST 
Returns a list of visible sections of an obsured window. 

GPIL$RELEASE_DISPLAY 
Decrements a oounter associated with the number of times a display has 
been aO,]ui red. 

GPR_$SET_ACXLTIME_OOT 
Establishes the length of time for which the program can acquire the 
display. 

GPR_$SET_AIJ'IO_REFRESH 
Directs the Display Manager to refresh the window automatically. 

GPR_$SET_OBSOJRED_OPl' 
Establishes the action the program is to take when a window to be acquired 
is obscured. 

GPR_$SET_REFRESH_EN'mY 
Specifies the entry points of these application-supplied procedures: 
refreshing the displayed image in a direct window and refreshing the 
hidden display memory. 

Set. Ingyire Imaging Format 

GPIL$SET ...... IMAGIl'X3_FORMAT 
Sets the imaging format of the oolor display. 

GPR_$INO-lMAGINGJ'ORMAT 
Returns the current imaging format of the oolor display. 

GPR_ $SET_CDLOR_MAP 
Establishes new values for the oolor map. 

11.2 DESCRIPl'ION OF ROUTINES 

rrbe remainder of this chapter describes graphics primitives routines. The 
descriptions are organized alphabetically for reference. 
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GP~$ACQUIRE_DISPLAY -- Establishes exclusive access to the display 
hardware and the display driver. 

FORMAT 

unobscured := GPR_$ACQUIRE_DISPLAY (status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

unobscured 
A Boolean value that indicates whether or not the window is obscured 
(false=obscured). This r:arameter is always true unless the option 
GP~$OILIF_OBS was s~cified to GPR_$SET_OBSCURED_OPT. 

status 

OOTES 

Completion status, in STATUS_$T format. A nonzero status indicates that 
the display was not ac.quired. 

* While the display is ac.quired, the Display Manager cannot run. Hence, 
it cannot respond to pad calls or to stream calls to input or transcript 
pads. If you need to call any of these routines, you must release the 
display to do so. 

* Since no other display output can occur while the display is ac.quired, 
it is not a good idea to acquire the display for long periods of time. 
The ac.quire routine automatically times out after a default period of 
one minute; programs can change this ·time-out wi th the routine 
GPR_$SET_ACQ.TIME_OOT. 

* Although this call is needed only in direct mode, it can be called from 
any of the other display rodes, where it ~rforms no operation and 
returns the status oode GPR_$IDT_IN_DlRECl'_lvODE. 

* If the display is al ready ac.quired when this call is made, a oount of 
calls is increnented such that pairs of ac.quire/re1ease display calls 
can be nested. 
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GPR_$ADDIT~BLT 

GPR_$ADDITIVE_BLT - Adds a single plane of any bitmap to the current 
bitmap. 

FORMAT 

GPR_$ADDITIVE_BLT (source-bi tmap-desc, source-window, source-plane, 
dest-origin, status) 

INPUT PARAMETERS 

sour ce-bi tmap-desc 
Descriptor of the source bitmap which oontains the source window to be 
transferred, in GPR_$BITMAP_DESC_T format. This is a 4-byte integer. 

source-window 
Rectangular section of the bitmap from which to transfer pixels, in 
GPR_$WINIXl\T_T format. This is a two-element array of two-element 
arrays. (In FORTRAN, you can use a two-dimensional array.) 

The first element of GP~$WINIXl\T_T specifies the window start origin 
(top left oorner), in GPR_$POSITIO~T format. This is a two-element 
array of 2-byte integers. The first element is the origin's 
x-coordinate; the seoond element is the y-coordinate. Coordinate values 
must be within the limits of the source bitnap. 

The seoond element of GP~$WINIXlV_T specifies the window width and 
height, in GPR_$OFFSET_T format. This is a two-element array of 2-byte 
integers. The first element is the window width, in raster units; the 
second element is the window height, in raster units. 

source-plane 
'!he identifier of the source plane to add, in GPR_$PLANE_T format. This 
is a 2-byte integer. Valid values are in the range 0 through the 
identifier of the source bitmap's highest plane. 

dest-origin 
start IX>sition (top left ooordinate J;X)sition) of the destination 
rectangle, in GPR_$POSITIO~T format. This is a two-element array of 
2-byte integers. The first element is the origin's x-coordinate; the 
second element is the y-coordina te. Coordina te values must be wi thin 
the limits of the current bitmap, unless clipping is enabled. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 
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NOTES 

* Both the source and destination bitmaps can be in either display memory 
or main memory. 

* The source window or1g1n is added to the coordinate origin for the 
source bitmap, and the result is the actual origin of the source 
"rectangle for the BLT. Similarly, the destination origin is added to 
the coordinate origin for the current bitmap, and the result is the 
actual origin of the destination rectangle for the BLT. 

LIMITATIONS 

* If the source bitmap is a Display Manager frame, the only allowed raster 
op codes are 0, 5, A, and F. These are the . raster operations in which 
the source plays no role. 

* If a rectangle is transferred by a BLT to a display nanager frame and 
the frame is refreshed for any reason, the BLT is re-executed. 
Therefore, if the information in the source bitmap has changed, the 
appearance of the frame changes accordingly. 
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GPR_$ALLOCATE_ATTRIBUTE_BLOCK -- Allocates a data structure that contains 
initial bitmap attribute settings, and 
returns the descriptor for the data 
structure. 

FORMAT 

GPR_$ALLOCATE_ATrRIBU'IE_BLOCK (attr ib-block-desc, status) 

INPUT PARAMETERS 

tbne 

OUTPUT PARAMETERS 

attrib-block-desc 
Attribute block descriptor, in GPR_$ATrRIBUTE_DESC_T format. This is a 
4-byte integer. 

status 
Completion status, in STATUS_$T format. 

WTES 

* When allocated, the attribute block is initialized to default settings. 
See Section 3.7.2 for the default settings. 

* TO associate an attribute block with the current bitmap, use 
GPR_$SET_ATrRIBU'IE_BLOCK. 

* TO deallocate an attribute block, use GPlL$DEALLOCATE_ATrRIBUTE_BLCX.l<. 
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GPR_$ALLOCATE_BITMAP -- Allocates a bitmap in main memory and returns a 
bitmap descriptor. 

FORMAT 

GPR_$ALLOCATE_BITMAP (size, hi-plane-id, attrib-block-desc, bitmap-desc, status) 

INPUT PARAMETERS 

size 
Bitmap width and height, in GPR_$OFFSET_T format. This is a two-element 
array of 2-byte integers. The first element is bitmap width, in raster 
units; the second element is the bitmap height, in raster units. 
Possible values for x are 1-4096; possible values for yare 1-4096. 

hi-plane-id 
Identifier of the highest plane which the bitmap will use, in 
GPR_$PLANE_T format. This is a 4-byte integer. Valid values are 0-7. 

attrib-block-desc 
Descriptor of the attribute block which the bitmap will use, in 
GPR_$ATrRIBUTE_DESC_T format. This is a 4-byte integer. 

OUTPUT PARAMETERS 

bitmap-desc 
Descriptor of the allocated bitmap, in GPR_$BITMAP_DESC_T format. This 
is a 4-byte integer. 

status 
Completion status, in STATUS_$T format. 

* To deallocate a bitmap, use GPR_$DEALLOC'ATE_BI'IMAP. 

* A program can not use a bitmap after it is deallocated. 

* To establish an allocated bitmap as the current bitmap, use 
GPR_$SET_BITMAP • 
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GPR_$ALLOC'ATE_BI'lMAP_NC - Allocates a bitmap in nain memory without setting 
all the pixels in the bitmap to zero, and returns 
a bitmap descriptor. 

FORMAT 

GPR_$ALLOC'ATE_BI'IMAP_NC (size, hi-plane-id, attrib-block-desc, bitmap-desc, stat 

INPUT PARAMETERS 

size 
Bitmap width and height, in GPIL$OFFSET_T format. This is a 
two-element array of 2-byte integers. The first element is bitmap 
width, in raster units; the seoond element is the bitmap height, in 
raster units. possible values for x are 1-4096; possible values for 
yare 1-4096. 

hi-plane-id 
Identifier of the highest plane which the bitmap will use, in 
GPR_$PLANE_T fornat. This is a 4-byte integer. Valid values are 
0-7. 

attrib-block-desc 
Descriptor of the attribute block which the bitmap will use, in 
GPR_$A'ITRIBU'IE_DESC_T format. This is a 4-byte integer. 

OUTPUT PARAMETERS 

bitmap-desc 
Descriptor of the allocated bitmap, in GPlL$BI'IMAP_DESC_T format. 
This is a 4-byte integer. 

status 
Completion status, in STATUS_$T format. 

wmS 
* To deallocate a bitmap, use GPR_$DEALLOCATE_BI'IMAP. 

* A program can not use a bitmap after it is deallocated. 

* To establish an allocated bitmap as the current bitmap, use 
GPIL$SET_BI'lMAP. 

* GPR_$ALLOCATE_BITMAP sets all pixels in the bitmap to zero; this 
routine does not. As a result, GPlL$ALLOCA~BI'IMAP_NC executes 
faster, but the initial contents of the bitmap are unpredictable. 
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GPR_$ALLOCATE_ID1_BI'lMAP - Allocates a bitnap in hidden display rremory. 

FORMAT 

GPR_$ALLOCATE_ID1_BITMAP (size, hi-plane-id, attrib-block-desc, bibnap-desc, 
status) 

INPUT PARAMETERS 

size 
'!he width and height of the bitmap, in GPR_$OFFSET_T format. This is a 
two-element array of 2-byte integers. The first element is the bitnap 
width, in raster units; the second element is the bitmap height, in 
raster units. 

hi-plane-id 
The identifier of the highest plane of the bi tnap , in GP~$PLANE_T 
format. This is a 2-byte integer. 

attrib-block-desc 
The descriptor of the bitnap's attribute block, in GP~$ATTRIBUTE_DESC_T 
format. This is a 4-byte integer. 

OUTPUT PARAMETERS 

bitnap-desc 
The descriptor of the 
GPR_$Brll-1AP_DESC_T format. 

status 

bitmap in hidden display 
This is a 4-byte integer. 

Completion status, in STATUS_$T format. 

Wl'ES 

rreneory, in 

* GPR_$ALLOCATE_~BITMAP allocates a GPR bitmap in hidden display memory 
for programs in borrow-display or direct mode. In frame mode, hidden' 
display rremory bitmaps cannot be used. 

* In direct mode you must acquire the display before calling 
GPR_$ALLOCATE_BI'lMAP • 

* The rnaximtnn size allowed for hidden display rremory bitmaps is 224 bits 
by 224 bits. 

* Use GPlL$DEALLOCATE_BITMAP to deallocate a hidden display bitmap. 
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GPR_$ARC_3P - Draws an arc from the current p:>sition through two other 
specified points. 

FORMAT 

GPlL$ARC_3P (point-2, point-3, status) 

INPUT PARAMETERS 

point-2 
The second point on the arc, in GPIL$POSITIOtL$T fornat. This is a 
two-element array of 2-byte integers describing an (x, y) coordinate 
p:>sition in the bitmap. Its values must be within bitmap limits unless 
clipping is enabled. 

point-3 
The third point on the arc, in GPlL$POSITION_T format. This is a 
two-element array of 2-byte integers, describing an (x, y) coordinate 
p:>sition in the bitmap. Its values must be within bitmap limits tmless 
clipping is enabled. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T fornat. 

OOTES 

* The coordinates you specify are added to the corresponding elements of 
the coordinate origin for the current bitmap. The resultant coordinate 
positions are the points through which the arc is drawn. 

* After the arc is drawn, p:>int-3 becomes the current p:>sition. 

* An error is returned if any of the three p:>ints are a;{ual. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. With clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 
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GPR_$ATTRIBUTE_BLOCK -- Returns the descriptor of the attribute block 
associated with the given bitmap. 

FORMAT 

attrib-block-desc = GPR_$ATTRIBUTE_BLOCK (bitmap-desc, status) 

INPUT PARAMETERS 

bitmap-desc 
Descriptor of the bitmap that is using the requested attribute block, in 
GPR_$BITMAP_DESC_T format. This is a 4-byte integer. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

REWRNED FUNcrION VALUE 

attrib-block-desc 
Descriptor of the attribute block used for the given bitmap, in 
GPR_$A'lTRIBU'IE_DESC_T format. This is a 4-byte integer. 

IDTES 

* To set an attribute block as the block for the current bitmap, use 
GPR_$SET_ATTRIBUTE_BLOCK. 
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GP~$BIT_BLT -- Performs a bit block transfer from a single plane of any 
bitmap to a single plane of the current bitmap. 

FORMAT 

GPR_$BIT_BLT (source-bi tmap-desc, source-window, source-plane, 
dest-origin, dest-plane, status) 

INPUT PARAMETERS 

source-bitmap-desc 
Descriptor of the source bitmap which contains the source window to be 
transferred, in GPR_$BI'l.WU'_DESC_T format. This is a 4-byte integer. 

source-window 
Rectangular section of the bitmap from which to transfer pixels, in 
GPR_$WINIXlV_T format. This is a two-element array of two-element 
arrays. (In FORTRAN, you can use a two-dimensional array.) 

The first element of GP~$WINDOW_T specifies the window start origin 
(upper top corner), in GPR_$POSITION_T format. This is a two-element 
array of 2-byte integers. The first element is the origin's 
x-coordinate; the second element is the y-coordinate. Coordinate values 
must be wi thin the limi ts of the source bi trnap. 

The second element of GPR_$WINIOV_T specifies the window width and 
height, in GPR_$OFFSET_T format. This is a two-element array of 2-byte 
ihtegers. The first element is the window width, in raster units; the 
second element is the window height, in raster units. 

source-plane 
Identifier of the single plane of the source bitmap to move, in 
GPR_$PLANE_T fonnat. This is a 2-byte integer. Valid values are in the 
range 0 through the identifier of the source bitmap's highest plane. 

dest-origin 
Start p:>sition (top left coordinate p:>sition) of the destination 
rectangle, in GPR_$POSITION_T format. This is a two-element array of 
two-byte integers. The first element is the origin's x-coordinate; the 
second element is the y-coordinate. Coordinate values must be within 
the limits of the current bitmap, unless clipping is enabled. 

dest-plane 
Identifier of the plane of the destination bitmap, in GP~$PLANE_T 
format. This is a 2-byte integer. Valid values are in the range 0 
through the identifier of the destination bitmap's highest plane. 
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OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

rpmS 

* Both the source and destination bi bnaps can be in either display memory 
or nain memory. 

* The source window origin is added to the coordinate or~g~n for the 
source bitmap, and the result is the actual origin of the source 
rectangle for the BLT. Similarly, the destination origin is added to 
the ooordinate origin for the current bitmap, and the result is the 
actual origin of the destination rectangle for the BLT. 

LIMITATIONS 

* If the source bitmap is a Display Manager frame, the only allowed raster 
op oodes are 0, 5, A, and F. These are the raster operations in which 
the source plays no role. 

* If a rectangle is transferred by a BLT to a Display Manager frame and 
the frame is refreshed for any reason, the BLT is re-executed. 
Therefore, if the information in the source bitmap has changed, the 
appearance of the frame changes accordingly. 
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GP1L$CIRcr..E 

GPR_$CIRCLE -- Draws a circle with the specified radius around the specified 
center p:>int. 

FORMAT 

GPR_$CIR<I..E (center, radius, status) 

INPUT PARAMETERS 

center 
'!he center of the circle, in GPR_$POSITIOtLT format. This is a 
two-element array of 2-byte integers, describing an (x, y) coordinate 
position in the bitmap. Its values must be within bitmap limits unless 
clipping is enabled. 

radius 
The radius of the circle. 'Ibis is a 2-byte integer in the range 
1-32767. 

OUTPUT PARAMETERS 

status 
Completion status, in STA'IDS_$T format. 

NJ'l'ES 

* The coordinates you specify are added to the corresponding elements of 
the coordinate origin for the current bitmap. The resultant coordinate 
position is the center of the circle. 

* The current position is not changed by use of GPlL$CIRCLE. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. With clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 
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GPR_$CIRCLE_FILLED - Draws and fills a circle with the specified radius 
around the specified center point. 

FORMAT 

GPR_$CIRCLE_FILLED (center, radius, status) 

INPUT PARAMETERS 

center 
The center of the circle, in GPIL$POSITIOtLT format. This is a 
two-element array of 2-byte integers describing an (x, y) coordinate 
IX>sition in the bitmap. Its values must be within bitmap limits unless 
clipping is enabled. 

radius 
The radius of the circle. This is a 2-byte integer in the range 
1-32767. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* The coordinates you specify are added to the corresponding elements of 
the coordinate origin for the current bitmap. The resultant coordinate 
IX>sition is the center of the circle. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. with clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 
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GPIL$(I.,EAR 

GPIL$(I.,EAR -- Sets all pixels in the current bitmap to the given 
color/intensi~ value. 

FORMAT 

GPIL$(I.,EAR (index, status) 

INPUT PARAME:rERS 

index 
Nav color map index sI;ecifying a color/intensity value for all pixels in 
the current bitmap, in GPfL$PIXEkYALUELT format. 'Ibis is a 4-byte 
integer. Val id val ues are: 

0-1 for monochromatic dis~ays 
0-15 for color displays in 4-bit pixel format 
0-255 for color displays in 8-bit or 24-bit pixel format 
-2 for all displays. 

OUTPUT PARAMETERS 

status 
Completion status, in STAWS_$T format. 

Wl'ES 

* A s~cial case occurs if the sI;ecified index is -2. A value of -2 
specifies clearing the bitmap to the current background color/intensity 
value. For memory bitmaps and borrowed displays, the background 
color/intensity index is zero. For Dis~ay Manager frames, the 
background color/intensity value is the same as that used for the window 
background color. 

* For monochromatic displays, only the lay-order bit of the color value is 
considered, because bitmaps currently have only one plane. For color 
displays in 4-bit pixel mode, only the four IGlest-order bits of the 
oolor val ue are considered because these displays have four planes. 

* You can use GPIL$SE'l~_-<DLOR_MAP to establish the corresp:>ndence between 
color map indexes and col or/ intensity val ues. 'Ibis means that you can 
use GPIL$SET_<DLOR_MAP to assign the pixel value 0 to bright intensity, 
and then use GPIL$CLEAR either to make the screen bright ~ p:issing the 
pixel val ue 0, or make the screen dark by p:issing the val ue 1. 

* This routine is subject to the restrictions of the current clipping 
window and plane mask. 

* The color sI;ecification :r;arameter is a color map index, not a color 
value. See Section 4.3. 
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GHL$Q.,OSE_F~EGOO -- Closes and fills the currently o~n polygon. 

FORMAT 

GPR_$<LOS~F~EGOO (status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMm'ERS 

status 
COOlpletion status, in STA'IUS_$T format. 

NOTES 

* GPIL$<LOSE_F~EGOO closes and fills the series of polygon boundaries 
created with the routines GPR_$START_EGON and GPIL$OO(}L.IDLYLINE. 

* GPR-$Q.,OSE_FILk-EGOO does not use the current raster oI;eration setting. 
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GPR_$CLOSE_RETUmLPGCN - Closes the currently open IX>lygon and returns the 
list of trapezoids within its interior. 

FORMAT 

GPR_$CLOSE_RETUmLPGON (list-size, trapezoid-list, trapezoid-number, status) 

INPUT PARAMETERS 

list-size 
'!he maximum number of trapezoids that the routine is to return. This is 
a 2-byte integer. 

OUTPUT PARAMETERS 

tra~zoid-list 
The trapezoids returned. This is an array of trapezoids in GPIL$'rRAP_T 
format, which is a two-element array in GPJ:L$HORIZ_SEG_T format. '!he 
first element is the top horizontal segment of a trapezoid; the second 
element is the bottom mr izontal segment. 

tra~zoid-nurnber 
The number of trapezoids that exist within the IX>lygon interior. This 
is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

N)'l'ES 

* GPR_$CLOSE_RETU~PGON returns a list of trapezoids within a IX>lygon 
interior that the graphics program can draw at a later time with the 
routine GPR_$MULTiTRAPEZOID. 

* The trapezoid-number parameter is always the total number of trapezoids 
comIX>sing the IX>lygon interior. If this number is greater than the 
list-size parameter, some trapezoids were left out of the trapezoid-list 
for lack of stace. 
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GPR_$COLOILZOOM - Sets the zoom scale factor for a color display. 

FORMAT 

GPR_$COLOR_ZOOM (xfactor, yfactor, status) 

INPUT PARAMETERS 

xfactor 
A 2-byte integer that denotes the scale factor for the x-coordinate, in 
the range 1 through 15. 

yfactor 
A 2-byte integer that denotes the scale factor for the y-coordinate, in 
the range 1 through 15. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

lUrES 

* If the x value is not equal to 1, then the y value must be not a:;Iual to 
1. 

* GPR_$COLOR_ZOOM uses the integer zoom feature of the color hardware. 

* GPR_$COLOR_Zcx::M works only in borrow-display mode. 

* GPR_$COLOR_ZOOM always zooms from the upper-left corner of the display. 
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GPIt..$COND_EVENT_WAIT - IEturns information about the occurrence of any event 
without entering a wait state. 

FORMAT 

unobscured := GPR_$COND_EVENT_WAIT (event-type, event-data, fX)sition, status) 

INPUT PARAMETERS 

None. 

OOTPUT PARAMETERS 

event_type 
'!he type of event that occurred, in GPIL$EVENT_T format. The possible 
events are: 

GPR_$KEYSTROKE 
GPIt..$BUTIDNS 
GPIL$LOCAIDR 
GPR_$EN'1ERED_WINWV 
GPIL$LEFr_WINrOV 
GPIL$LOCA'lOILSIOP 
GPR_$OO_EVENT 

event_data 

Input from a keyboard 
Input from mouse or bitpad puck buttons 
Input from a touchpad or mouse 
Cursor has entered window 
Cursor has left window 
Input from a locator has stopped 
No event has occurred 

The keystroke or button character associated with the event, or the 
character that identifies the window associated with an entered window 
event. This parameter is not modified for other events. In FORTRAN, 
this is declared as a character*l variable. 

position 
The position on the screen or within the window at which graphics input 
occurred, in GPR_$POSITION_T format. This is a two-element array of 
2-byte integers. 

unobscured 
A Boolean value that indicates whether or not the window is obscured; a 
false value means that the window is obscured. This value is always 
true unless the program has called GPIt..$SET_OBSCURED_OPT and specified 
an option of GPIL$OILIF_OBS. 

, status 
Completion status, in STATUS_$T format. 
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WTES 

* When called, this routine returns immediately and reports information 
about any event that has occurred. r.typically, this routine is called 
following return from an EC2_$WAIT call involving the event count 
returned by GPR_$GET_EC. The routine allows the program to obtain 
information about an event without having to suspend all of its 
activities. 

* Unless locator data has been processed since the last event was 
reported, "position" will be the last position given to 
GPR_$SET_CURSOR_POSITION. 

* If locator data is received during this call, and GPIL$LOCA'lOR events 
are not enabled, the GPR software will display the arrow cursor and will 
set the keyboard cursor position. 

* Although this call never waits, it may release the display if it 
receives an unenabled event that needs to be handled by the Display 
Manager. 

* The input routines report button events as ASCII characters. "Down" 
transitions range from "a" to IId ll

; "up" transitions range from "A" to 
110". The three mouse keys start with (a/A) on the left side. As with 
keystroke events, button events can be selectively enabled ~ specifying 
a button keyset. 
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GP~$DEALLOCATE_~IBUTE_BLOCK -- Deallocates an attribute block allocated 
by GPIL$ALLOCATE_~IBU'lE_BLOCK. 

FORMAT 

GPR_$DEALLOCATE_~IBurIE_BLCXl< (attr ib-block-desc, status) 

INPUT PARAMETERS 

attrib-block-desc 
The descriptor of the 
GPR_$ATI'RIBUTE_DESc...T format. 

OUTPUT PARAMETERS 

status 

attribute block to deallocate, 
This is a 4-byte integer. 

Com~etion status, in STATUS_$T format. 

WI'ES 

* To allocate an attribute block, use GP~$ALLOC'ATE_~IBU'lE_BLCXl<. 

in 

* To associate an attribute block with the current bitmap, use 
GPR_$SET_~IBU'IE_BLCXl<. 
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GPR_$DEALLOCATE_BlrmAP - Deallocates an allocated bitmap. 

FORMAT 

GPR_$DEALLOCATE_BlrmAP (bi trnap-desc, status) 

INPUI' PARAMETERS 

bitmap-desc 
Descriptor of the bitmap to deallocate, in GPR_$BITMAP_DESC_T format. 
'!his is a 4-byte integer. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* To allocate a bitmap, use or 
GPIL$ALLOCATE_HIN_BI'lMAP • 
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GPR_$DISABLE_INPUT -- Disables a previously enabled event type • 

. FORMAT 

GPR_$DISABLE_INPUT (event_type, status) 

INPUT PARAMETERS 

event_type 
'!he type of event to be disabled, in GPR_$EVENT_T format. The types of 
events are: 

GPR_$KEYSTROKE 
GPR_$BUTIDNS 
GPR_$LOC'A'IDR 
GPR_$ENTERED_WINIXlV 
GPR_$LEFT_WINIXlV 
GPlL$LOC'A'IDlLSIDP 

OUTPUT PARAMETERS 

status 

Input from a keyboard 
Input from mouse or bitpad puck buttons 
Input from a touchpad or mouse 
Cursor has entered window 
Cursor has left window 
Input from a locator has stopped 

Completion status, in STATUS_$T format. 

OOTES 

* Following this call, no events of the given event type will be returned 
by GPR_$EVENT_WAIT or GPlL$COND_EVENT_WAIT. 

* In borrow-display mode, disabled events received by the GPR software 
will be ignored. 

* In direct mode or frame mode, disabled keystroke or button events are 
processed by the Display Manager. 

* When locator events are disabled, the GPR software will display the 
arrow cursor and will set the keyboard cursor tx>sition when locator data 
is received. 

User callable Routines 11-32 



GPR_$DRAW_OOX - Draws an unfilled OOX based on the ooordinates of two 
opposing oorners. 

FORMAT 

GPR_$DRAW_BOX (corner-I, oorner-2, status) 

INPUT PARAMETERS 

oorner-l 
'!he corner of the box, in GPR_$POSITIOlLT format. ibis is a 
two-element array of 2-byte integers describing an (x, y) coordinate 
p:>sition in the bitnap. Its values must be within bitmap limits unless 
clipping is enabled. 

corner-2 
An opposing corner of the oox, in GPR_$POSITION_T format. This is a 
two-element array of 2-byte integers, describing an (x, y) coordinate 
position in the bibnap. Its values must be within bibnap limits unless 
clipping is enabled. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* The coordinates you specify are added to the corresponding elements of 
the coordinate origin for the current bitmap. The resultant ooordinate 
positions are the opposing corners of the box. 

* When you have clipping enabled, you can specify coordinates outside the 
bi tmap limits. With clipping disabled, specifying coordinates outside 
the bibnap limits results in an error. 
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GPR_$ENABLE_DIREcr_ACCESS - Ensures completion of display hardware 

FORMAT 

operations before program uses pointer to access 
display rrernory. 

GPR_$ENABLE_DIREcr_ACCESS (status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

status 
COmpletion status, in STATUS_$T format. 

ID'IES 

* If a program uses the GPR_$INO-BITMAP_POINTER to get the address of 
display rrernory for a monochromatic or color display, it should call 
GPR_$ENABLE_DIREcr_ACCESS after any calls that change the display and 
before using the pointer returned from the GPR_$INO-BITMAP_POINTER. 
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GFR_$ENABLE_INEUT -- Enables an event ty{:e and a selected set of keys. 

FORMAT 

GPR_$ENABL~INruT (event_ty{:e, key-set, status) 

event_type 
The ty{:e of event to be enabled, in GPR_ $EVENT_ T format. The ty{:es of 
events are: 

key-set 

GPR_ $KEYS'lROKE 
GPR_ $BUl'lONS 
GPR_ $LOQ\IDR 
GPR...;. $ENTERED_WINIXlV 
GPR $LEFT WINIXlV - -
GPfL $LOQ\IDR_ S'IOP 

Input fran a keyooard 
Input from mouse or bitpad puck buttons 
Input from a touchp:td or mouse 
Cursor has entered window 
Cursor has left window 
Input from a locator has stopped 

The set of s~cifically enabled characters when the event class is in 
GPR_$KEYSET_T format. This p:trameter is s~cified for event types of 
GPR_$KEYSTROKE and GPR_$BUTlONS. 

OUl'PUT PARAMETERS 

status 
Chnpletion status, in STA'lUS_ $'I' format. 

* This routine s{:ecif ies the ty{:e of event and event input for which 
GPR_$EVENT_WAIT is to wait. 

* This routine applies to the current bitmap. HCMever, enabled input 
events are stored in attribute blocks (not with bitmaps) in much the 
same way as attributes are. When a program changes attribute blocks 
for a bitmap during a graphics session, the input events you enabled are 
lost unless you enable those events for the new attribute block. 

* Programs must call this routine once for each event ty{:e to be enabled. 

* No event ty{:es are enabled l:¥ default. 

* The keyset must oorrespond to the s{:ecified event ty{:e. For example, 
use [' ' •• ' -'] (in Pascal) to enable all normal printing graphics. Use 
[chr(O) •• chr(127)] to enable the entire ASCII character set. Except in 
borrow-display mode, it is a good idea to leave at least the (}ID and 
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NEXT_WINroV keys out of the keyset so that the user can access other 
Display Manager windows. 

* The insert file /SYS/INS/KBD. INS contains definitions for the non-ASCII 
keyboard keys in the range 128 •• 255. 

* Events and keyset data not enabled with this routine will be handled by 
the Display Manager in frame or direct mode and discarded in 
borro~display mode. 

* When locator events are disabled, the GPR software will display the 
arrow cursor and will set the keyboard cursor position when locator data 
is received. 

* GPR_$ENABLE_INPUT expects a Pascal set of characters as one input 
argument. The following subroutine provides a way to build a set of 
characters for a FORTRAN program using this call. 

BUILD_SET -- Builds a Pascal set of characters for FORTRAN users. 

INPUT ARGUMENTS 

list -- An integer*2 array, up to 256 entries long. 
'Ibis array contains the ordinal values of the 
characters to be included in the set. For 
example, if you wish to include the capital 
letters A through Z, make the array 
26 entries long, including the values 65 
through 90. 

no_of_entries - '!he number of entries used in list. 
An integer*2 scalar. 

OUTPUT ARGUMENl'S 

returned_set -- '!he equivalent of the Pascal set of 
characters. 'Ibis can be of any type, 
as long as it is 32 bytes long. 
Use integer*4 returned_set(8). 

'!his program does not check for errors. Therefore, values 
can be outside the range 0 to 255, although this can gi v~ 
unpredictable results. '!he program does not check to see 
if the value has already ap~ared in the list. 

'Ibe subroutine builds the set anew each time; it does not allow 
you to add new elements to an existing set. 

The following program builds a set of characters for FORTRAN users. 
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integer*21ist(1),no_of_entries,returned_set(0:15) 
integer*2 i,mask(O:15) ,word, bit 
data mask/1,2,4,8,16#10,16#20,16#40,16#80,16#100,16#200, 

1 16#400,16#800,16#1000,16#2000,16#4000,16#8000/ 

c A Pascal set of characters is a 256-bit "array." The bit 
c corresponding to the ordinal position of the character is 
c 1 if the bit is in the set and 0 if the character is absent 
c from the set. In this example, the set is initialized 
c to 0, that is, no characters are present. 

do 100 i=0,15 
returned_set (i) = 0 

100 continue 
c 
c Go through the list, setting the bits for each character listed. 
c Note that Pascal numbers the bits right to left. 
c 'Iberefore, a set containing only char (0), that is NULL, has 
c only the least-significant bit set in the last word of the set. 

do 110 i=l,no_of_entries 
c 
c Set the appropriate bit. 

word = 15 - (list(i)/16) 
bit = rnod(list(i) ,16) 
returned_set (word) = or(returned_set(word),mask(bit)) 

110 continue 
c 

return 
end 
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GPR_$EVENT_WAIT - waits for an event. 

FORMAT 

lIDobscured := GP1L$EVENT_WAIT (event_type, event_data, position, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

event_tYfe 
The type of event that occurred, in GPIl-$EVENT_T format. Possible 
values are: 

GPR_$KEYsrROKE 
GPIl-$BUTIONS 
GPR_$LOCA'IOR 
GPR_$ENTERED_WINIXlV 
GPR_$LEFT_WINDDW 
GPR_$LOCA'IOILS'IOP 
GPR_$W_EVENT 

event_data 

Input from a keyboard 
Input from mouse or bitpad puck buttons 
Input from a touchpad or mouse 
CUrsor has entered window 
CUrsor has left window 
Input from a locator has stopped 
No event has occurred 

The keystroke or button character associated with the event, or the 
character that identifies the window associated with an entered window 
event. This p:trameter is not modified for other events. In FORTRAN, 
this is declared as a character*l variable. 

position 
The position on the screen or within the window at which graphics input 
occurred, in GPR_$POSITIO~T format. This is a two-element array of 
2-byte integers. 

unobscured 
A Boolean value that indicates whether or not the window is obscured; a 
false value means that the window is obscured. This value is always 
true unless the program has called GPR_$SET_OBSCURED_OPT and specified 
an option of GPR_$OICIF_OBS. 

status 
Completion status, in STATUS_$T format. 
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NarES 

* This routine suspends process execution until the occurrence of an event 
type enabled with the GPIL$ENABLEL.INPUT. If the event type is keystroke 
or button, this routine reports only characters in the enabled keyset. 
Input routines report button events as ASCII characters. See Appendix 
for keyboard charts showing the ASCII values. 

* In direct mode, time-out values do not apply to calls to 
GPR_$EVENT_WAIT; that is, GPR_$EVENT_WAIT waits indef ini tely • 

* The input routines report button events as ASCII characters. "Down" 
transitions range from "a" to "d"; "up" transitions range from "A" to 
"0" • The three mouse keys start with (a/A) on the left side. As with 
keystroke events, button events can be selectively enabled ~ specifying 
a button keyset. 

* Unless locator data has been processed 
reported, "position" will be the 
GPR_$SET_CURSOR_POSrrION. 

since 
last 

the last event was 
position given to 

* If locator data is received during this call, and GPIL$LOCA'IOR events 
are not enabled, the GPR software will display the arrow cursor and will 
set the keyboard cursor position. 

* GPR_$EVENT_WAIT returns an error if the display has not previously been 
aCXluired. 

* This routine may ~plicitly release the display under two conditions: 

The process must actually suspend execution to wait for an event. 

An event that is not enabled must be handled by the Display 
Manager. 
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GPR_$FORCE_RELEASE - Releases the display regardless of how rcany times it 
has previously been acquired. 

FORMAT 

GPR_$FORCE_RELEASE (acx;Iuire-count, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

acx;Iuire-count 
The number of times the display has been aCX}uired. This is a 2-byte 
integer. 

status 
Completion status, in STATUS_$T format. 

N)'rES 

* This call releases the display regardless of how rcany times 
GPIL$ACQUIRE_DISPLAY has been called. 
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GPR_$GET_EC - Returns the eventcount associated with a graphic event. 

FORMAT 

GPR_$GET_EC (gpr-key, eventcount-p:> inter , status) 

INPUT PARAMETERS 

gpr-key 
'!be key that specif ies which eventcount to obtain, in GPIL$EC_KEY_T 
format. Currently, this key is always GPIL$INPUT_EC. 

OUTPUT PARAMETERS 

eventcount-p:> inter 
A p::>inter to the eventcount for graphics input, in EC2_$Pl'R_T format. 

status 
Completion status, in STATUS_$T format. 

wrES 

* GPR_$GET_EC returns the eventcount p::>inter for the graphics input 
eventcount, which is advanced whenever graphics input nay be available. 

* When this event count is advanced, it does not guarantee that 
GPR_$COND_EVENT_WAIT will return an event, or that GPIL$EVENT_WAIT will 
not wait. The advance is merely an optimization of a simple p::>lling 
loop that suspends execution of the process until an event might be 
available. 
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GPR_$INIT 

GP~$INIT -- Initializes the graphics primitives package. 

FORMAT 

GPR_$INIT (op-mode, unit, size, hi-plane-id, init-bitnap-desc, status) 

INPUT PARAMETERS 

op-mode 

unit 

size 

One of four modes of operation. Graphics primitives routines can 
operate in two borrow-display modes, within a Display Manager window, 
within a frame of a Display Manager p:ld, or without using the display. 
Use GPR_$DISPLAY_MODE_T format for this p:lrameter. Possible values for 
this p:lrameter are: 

GPR_$BORRCM 
GPR_$BORRCM_NC 
GPIL$DIRECI' 
GPR_$FRAME 
GPR_$NO_DISPLAY 

'Ibis p:lrameter has three p:>ssible meanings, as follows: 

1) The display unit, if the graphics routines are to operate in a 
borrowed display. 'Ibis is a 2-byte integer. Currently, the only valid 
display unit number for bor row-display IOOde is 1. 

2) The stream identifier for the p:ld, if the graphics routines are to 
operate in frame or direct mode. Use S~$ID_T format. This is a 
2-byte integer. 

3) Any value, such as zero, if the graphics routines do not use the 
display. 

The size of the initial bitmap (and the size of the frame, in frame 
mode) , in GPR_$OFFSET_T format. This is a two-element array of 2-byte 
integers. '!be first elanent is the bitmap width (and frame width, in 
frame mode), in raster units; the second element is the bitmap height 
(and frame height, in frame mode), in raster units. Possible values are 
listed on the next page. 
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GPIL$INIT 

x y 

Borrow-display or direct mode 1 to 1024 1 to 1024 
(limits are reduced to display 
or window size if necessary): 
Display Manager Frame: 1 to 32768 1 to 32768 
Main Memory Bitmap: 1 to 4096 1 to 4096 

hi-plane-id 
Identifier of the bitmap's highest plane, in GPIL$PLANE_T foomat. This 
is a 2-byte integer. Valid values are: 

For display memory bitmaps: 

o for monochromatic displays 
0-3 for color displays in two-board configuration 
0-7 for color displays in three-board configuration 

For main memory bitmaps: 

0-7 for all displays 

OUTPUT PARAMETERS 

init-bitmap-desc 
Descriptor of the initial bitmap, in GPIL$BITMAP_DESC_T format. This is 
a 4-byte integer that uniquely identifies the bitmap. 

status 
Completion status, in STATOS_$T format. 

WTES 

* See Section 2.2 for information about the modes of operation. 

* To use multiple windows, you must call GP}L$INIT for each window. 

* GPR_$BORRClV_NC allows you to allocate a bibnap in display nemory without 
setting all the pixels to zero. 

* In GPR_$OO_DISPLAY mode, the program can manipulate only rein memory 
bitmaps. 
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GPR_$INIT 

* Size: If a program executes in borrow-display mode or direct mode, the 
size of the initial bitmap can be equal to or smaller than the display. 
See Section 3.3 for details. If the program executes in a frame of a 
Display Manager p:ld, "size" s~cifies the size of both the frame and the 
initial bibnap. (In frame mode, the frame and the bitmap must be the 
same size.) If the program does not use the display, GP~$INIT creates a 
bitmap in main memory. The program specifies the size of this bitmap. 

* TO use imaging formats, a program must initiate a borro~display mode. 
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GPR_$INO-BITMAP -- Returns the descriptor of the current bitmap. 

FORMAT 

GPR_$INO-BITMAP (bitmap-desc, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

bitmap-desc 
The descriptor of the current bitmap, in GPIL$BITMAP_DESC_T format. 
This is a 4-byte integer. 

status 
Completion status, in STATUS_$T format. 

IDTES 

* To establish a bitmap as the current bitmap, use GPR_$SET_BITMAP. 
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GPR_$INO-BITMAP_DIMENSIONS -- Returns the size and number of planes of a 
bitmap. 

FORMAT 

GP~$INO-BITMAP-DIMENSIONS (bitma~desc, size, hi-plane-id, status) 

INPUT PARAMETERS 

bitma~desc 
The descriptor of the bitmap, in GPR_$BI'lMAP_DESC_T format. This is a 
4-byte integer. 

OUTPUT PARAMETERS 

size 
Width and height of the bitmap, in GPR_$OFFSET_T format. '!his is a 
two-element array of 2-byte integers. The first element is the bitmap 
width, in raster units; the second element is the bitmap height, in 
raster units. 

hi-plane-id 
The identifier of the bitmap's highest plane, in GPR_$PLANE_T format. 
This is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

WI'ES 

* A program can use the information returned by this call to retrieve the 
actual bibnap size. This could be useful, for example, if the program 
specified a bitmap size that was too large for the display, causing a 
reduction in bitmap size. 
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I 

GPR_$INO-BITMAP_POINTER -- Returns a pointer to bitmap storage in virtual 
address space. Also returns offset in memory from 
beginning of one scan line to the next. 

FORMAT 

GPR_$INO-BITMAP_POINTER (bitmap-desc, storage-ptr, storage-line-width, status) 

INPUT PARAMETERS 

bitmap-desc 
Descriptor of the bi tmap, in GPIL$BITMAP_DESC_T format. '!his is a 
4-byte integer. 

OUTPUT PARAMETERS 

storage-ptr 
Start address of bitmap in virtual address space. 
integer. In Pascal, storage-ptr is UNN_PI'R. 

storage-line-width 

This is a 4-byte I 

Number of 16-bit words in virtual memory between the beginningeof one of 
the bitmap's scan lines and the next. This is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

WTES 

* See Section 3.5 for more information about this routine. 

* A program can use the information returned by this call to access 
individual bits. 

* Each scan line (horizontal line of a bitmap) starts on a word boundary. 
"Line-width" gives the offset in memory from the beginning of one scan 
line to the beginning of the next, in units of 16-bit words. 

* When a program uses the "storage-pointer" to access the borrowed 
display, pixels which are white have the value I and pixels which are 
black have the value 0, regardless of any calls to GPIL$SET_COLOR_MAP. 
Also, if the cursor is active, the cursor pattern appears in the 
bitmap. 
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LIMITATIONS 

* A program cannot use this routine on a bitmap which is a Display Manager 
frame. 
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GPR_$INO-BM_BIT_OFFSET -- Returns the bit offset that corresponds to the left 
edge of a bitmap in virtual address space. 

FORMAT 

GP~$INO-BM_BIT_OFFSET (bitmap-dese, offset, status) 

INPUT PARAMETERS 

bitmap-dese 
The descriptor of the bi tmap, in GP~$BI'lMAPJ)ESC_T format. 'Ibis is a 
4-byte integer. 

OUTPUT PARAMETERS 

offset 
The number of bits between a 16-bit word boundary and the left edge of 
the specified bitmap. This is a 2-byte integer in the range zero to 
fifteen. 

status 
Completion status, in STATUS_$T format. 

WTES 

* Each scan line (horizontal line of a bitmap) starts on a word boundary. 
For all scan lines, this routine returns the number of bits in the most 
significant part of the first word that are not part of the specified 
bitmap. 

* Currently, the offset will be zero for any bitmap other than a 
direct-mode window. 

* For more information about bitmaps, see Section 3.5. 
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GP~$INO-CHARA~WIDTH -- Returns the width of the specified character in 
the specified font. 

FORMAT 

GP~$INO-CHARACTER_WIDTH (font-id, character, width, status) 

INPUT PARAMETERS 

font-id 
Identifier of the text font. This is a 2-byte integer. 

character 
The specified character. This is a CHAR variable. 

OUTPUT PARAMETERS 

width 
'!he width p:irameter of the specified character. '!his is a 2-byte 
integer. Possible values are -127 to 127. 

status 
Completion status, in STATUS_$T format. 

OOTES 

* To set a character's width, use GPIL$SET_CHARACl'ER_WID'lH. 

* The initial character widths are defined in the font file. 

* This routine returns the character width in the local copy of the font. 
Initially, this is a copy of the font file; however, the local copy nay 
have been changed. Change in the local copy does not affect the font 
file or the use of the font by other processes. 
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GPIL$IN:L<DLORjW> 

GPR_$IN(L<DLOR_MAP - Returns the current color map values. 

FORMAT 

GPR_$INQ...<DLOILMAP (start-index, n-entries, values, status) 

INPUT PARAMETERS 

start-index 
Index of the first color value ent~, in GPIL$PIXEL_VALUE_T format. 
This is a 4-byte integer. 

n-entries 
Number of entries. This is a 2-byte integer. 

OUTPUT PARAMETERS 

values 
Color value entries, in GPR_$COLOR_VECIOR_T format. This is an array of 
4-byte integers. 

status 
Completion status, in STATUS_$T format. 

WTES 
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GPR_$INO-OONFIG -- Returns the current display configuration. 

FORMAT 

GPR_$INQ.OONFIG (config, status) 

INPUT PARAMETERS 

none 

OUTPUT PARAMETERS 

oonfig 
Display configuration, in GPlL$DISPLAY_OONFIG_T format. '!be returned 
value for each display type is listed beloo: 

status 

Display rrype 

monochromatic portrait 
monochromatic landscape 
color 1024 x 1024 (DN600) 2-board configuration 
color 1024 x 1024, 3-borad configuration 

Completion status, in STATUS_$T format. 

User callable Routines 11-52 

Returned Value 

GPR_$BW_BOOxl024 
GPlL$BW_l024x800. 
GPlL$COLOR_1024xl024x4 
GPlL$OOLOR_1024xl024xB 



GPIL$IN;:L<DNSI'RAINTS 

GPR_$INCL<DNsrRAINTS - Returns the clipping window and plane mask used for 
the current bitmap. 

FORMAT 

GPIL$INCL<DNSI'RAINTS (window, active, plane-nask, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

window 
The clipping window, in GPIL.$WINWV_T format. This is a two-element 
array of two-element arrays. (In FORTRAN, use a two-dimensional array.) 

The first element of GPR_$WINIXlV_T specifies the window origin (top left 
corner coordinates), in GPIL.$POSITIOlLT format. This is a two-element 
array of 2-byte integers. The first element is the origin's 
x-coordinate; the second element is the y-coordinate. Coordinate values 
must be within the bitmap limits. 

The second element of GPIL.$WINDOW_T specifies the window width and 
height, in GPR_$OFFSET_T format. This is a two-element array of 2-byte 
integers. The first element is the window width, in raster tn1its; the 
second element is the window height, in raster units. width and height 
values, when added to the corresIX>nding bitmap origin, must be within 
the bitmap limits. 

active 
Boolean (logical) value which specifies whether the clip window is 
enabled. If the value is false, the clip window is disabled; if the 
value is true, the clip window is enabled. 

plane-nask 
The plane mask, 
GPR_$MASK_T format. 

which specifies the active bitmap plane(s), 
This is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

WTES 

* Tb establish a new clipping window for the 
GPR_$SET_CLIP_WINIXlV. 'lb enable the new 
GPR_$SET_CLIPPING_ACTIVE. Tb establish a 
GPR_$SET_PLANE_MASK. 

current bitmap, 
clipping window, 
plane mask, 

in 

use 
use 
use 
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GPR_$INQ_.cXx)RDlNA~ORIGIN 

GPR_$INO-COORDlNA~ORIGIN -- Returns the x- and y-offsets added to all x­
and y-coordinates used as input to move, line 
drawing, and BLT operations on the current 
bitmap. 

FORMAT 

GP~$INO-OOORDlNATE_ORIGIN (origin, status) 

OUTPUT PARAMETERS 

origin 
The current coordinate or1g1n for the bitmap, in GPR_$POSlTiON_T 
format. 'Ibis is a two-element array of 2-byte integers. The first 
element is the origin I s x-coordinate; the second element is the 
y-coordinate. 

status 
Completion status, in STATUS_$T format. 

IDTES 

* To set a new coordinate origin, use GP~$SET_COORDI~ORIGIN. 
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GPIL$IN;LCP 

GPR_$INO-CP -- Returns the current position in the current bitmap. 

FORMAT 

GPR_$INO-CP (x, y, status) 

INPUT PARAMETERS 

None. 

OOTPUT PARAMETERS 

x 
The x-coordinate of the current position, in GPIL$OOORDINATE_T format. 
This is a 2-byte integer. 

y 
The y-coordinate of the current position, in GPIL$OOORDINATE_T format. 
This is a 2-byte integer. 

status 
Completion status, in STAWS_$T format. 
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GPR_$INO-CURSOR -- Returns information about the cursor. 

FORMAT 

GP~$INO-CURSOR (curs-pat, curs-raster-op, active, position, origin, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

cursor-pat 
Identifier of the cursor pattern bitmap, in GP~$BITMAP_DESC_T format. 
'!his is a 4-byte integer. 

cursor-raster-op 
Cursor raster operation code, in GP~$RASTER_OP_ARRAY_T format. This is 
an eight-element array containing eight 2-byte integers. Currently, the 
value is 3. (The operation assigns all source values to the new 
destination) • 

active 
A Boolean (logical) value which indicates whether the cursor is 
displayed. '!he p:lrameter is set to true if the cursor is displayed; it 
is set to false if the cursor is not displayed. 

position 
The cursor's current position on the screen, in GP~$POSITIO~T format. 
'!his is a two-element array of 2-byte integers. The first element is 
the cursor position's x-coordinate; the second element is the 
y-coordinate. 

origin 
The pixel currently set as the cursor origin, in GP~$POSITIO~T 
format. '!his is a two-element array of 2-byte integers. The first 
element is the pixel's cursor-relative x-coordinate; the second element 
is the pixel's cursor-relative y-coordinate. 

status 
Completion status, in STATUS_$T format. 
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GPIL$IN;LCURSOR 

NO'IES 

* Cursor IX>sition: If a program calls this routine when in borrow-display 
mode, the x- and y-coordinates represent an absolute IX>sition on the 
screen. If a program calls this routine when the cursor is inside a 
frame of a display nanager fad, the x- and y-coordinates are relative to 
the top left corner of the frame. 

* To alter the cursor, use one of the following: 
GPR_$SET_CURSOILPATTERN 
GPR_$SET_CURSOR_ACTIVE 
GPR_$SET_CURSOILPOSITION 
GPIL$SET_CURSOR_ORIGIN 

* Currently, a program can not alter the cursor raster operation. 
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GPR_$INO-DRAW_VALUE -- Returns the color/intensity value used for drawing 
lines. 

FORMAT 

GPIL$INO-DRAW_ VALUE (index, status) 

INPUT PARAMETERS 

None. 

QUTPur PARAMETERS 

index 
The color map index that indicates the current color/intensity value 
used for drawing lines, in GPR_$PlXE4-VALUE_T format. 'Ibis is a 4-byte 
integer. Valid values are: 

status 

0-1 for monochromatic displays 
0-15 for color displays in 4-bit pixel for.mat 
0-255 for color displays in a-bit or 24-bit pixel format 
-1 for all displays. This specifies that the background is 

transp:lrent; that is, the old values of the pixels are not 
changed. 

-2 for all displays. This specifies using the color/intensity 
value of the bitmap background as the line drawing value. 
For borrowed displays and memory bitmaps, the fill 
background is always zero. For Display Manager frames, this 
is the pixel value in use for the window background. 

Completion status, in STATUS_$T format. 

Wl'ES 

* To set a new draw value, use GPIL$SET_DRAW_VALUE. 
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GPR_$INO-FILL_BACKGROUND_VALUE -- Returns the color/intensity value of the 
background used for tile fills. 

FORMAT 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

index 
The oolor map index that indicates the current color/intensity value 
used for tile fills, in GPR_$PlXE4-VALUE_T format. This is a 4-byte 
integer. Valid values are: 

status 

IDl'ES 

0-1 
0-15 
0-255 
-1 

-2 

for monochromatic displays 
for color displays in 4-bit pixel format 
for color displays in a-bit or 24-bit pixel format 
for all displays. This specifies that the background is 
transparent; that is, the old values of the pixels are not 
changed. 
for all displays. '!his specifies using the color/intensity 
value of the bitmap background as the tile fill background. 
For borrowed displays and memory bitmaps, the fill 
background is always zero. For Display Manager frames, this 
is the pixel value in use for the window background. 

Completion status, in STATUS_$T format. 

* To set a new background value, use GPJL$SET_FILL_BACKGIaJND_VALUE. 
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GP~$INO-FILL_PATTERN -- Returns the fill pattern for the current bitmap. 

FORMAT 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

pattern 
The descriptor of the bitmap containing the fill pattern, 
GPR_$BITMAP_DESC_T fonnat. This is a 4-byte integer. 

scale 

in 

The number of times each bit in this pattern is to be replicated before 
proceeding to the next bit in the pattern. This is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

N)TES 

* Tb set a new fill pattern for the current bitmap, use 
GPR_$SET_FILL_PA'l'I'ERN. 

* Currently, the tile pattern must be stored in a bi trnap that is 32x32 
pixels by n planes. '!he scale factor must be one. Any other pattern 
size or scale value results in an error. 

* with a one-plane bitmap as the pattern, the pixel values used are those 
set by GP~$SET_FI~VALUE and GPR_$SET_FILL_BACKGlOJND_VALUE. Pixels 
corresponding to "I" bits of the pattern are drawn in the fill value: 
pixels corresponding to "0" bits of the pattern are drawn in the fill 
background value. 
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GPR_$INO-FIL4-VALUE -- Returns the color/intensity value used to fill 
circles, rectangles, triangles, and trapezoids. 

FORMAT 

GPR_$IN<LFIL4-VALUE (index, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

index 
The color map index that indicates the current color/intensity fill 
value, in GPR_$PI~VALUE_T format. 'Ibis is a 4-byte integer. Valid 
values are: 

0-1 for monochromatic displays 
0-15 for color displays in 4-bit pixel format 
0-255 for color displays in 8-bit or 24-bit pixel format 

status 
Completion status, in ST~S_$T format. 

WTES 

* To set a new fill value, use GPIL$SET_FILL_VALUE. 
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GPR_$INQ ... JiORIZONTAILSPACIR; 

GPR_$INO-HORIZONTAILSPACIR; -- Returns the parameter for the width of 
spacing between displayed characters for the 
specified font. 

FORMAT 

GPR_$INO-HORIZONTAL_SPACIR; (font-id, horizontal-spacing, status) 

INPUT PARAME'mRS 

font-id 
Identifier of the text font. This is a 2-byte integer. 

OUTPUT PARAMETERS 

horizontal-spacing 
The parameter for horizontal spacing of the specified font. This is a 
2-byte integer. Possible values are -127 to 127. 

status 
Completion status, in STATUS_$T fonnat. 

NOTES 

* Use GPR_$SET_HORIZCNTAL_SPACIR; to set the width of spacing for a 
font. 

* The initial width of horizontal spacing is defined in the font file. 

* This routine returns the horizontal spacing in the local copy of the 
font. Initially, this is a copy of the font file; however, the local 
copy nay have been changed. Change in the local cop.{ does not affect 
the font file or the use of the font by other processes. 
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GPR_$IN(LIMAGI~J'ORMAT - Returns the current imaging format. 

FORMAT 

GPIL$IN(LIMAGI~J'ORMAT (format, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

format 
]maging format in GPR~$IMAGI~_FORMAT_T configuration. If you are using 
an interactive format, the returned value is GPR_$INTERACTIVE. 

If you are using the imaging 8-bit pixel format on a two-board 
configuration, the returned value is GPR_$IMAGING_1024xl024x8. If you 
are using the imaging 24-bit pixel format, the returned value is 
GPR_$IMAGING_5l2x5l2x24. 

status 
Completion status, in STA'illS_$T format. 

IDTES 

* See Section 2.3 for more information about imaging formats. 
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GPIL$IN2-LINE_PATTERN - Returns the pattern used in drawing lines. 

FORMAT 

GPR_$IN(LLINE_PA'lTERN (repeat, pattern, length, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

repeat 
The replication factor for each bit in the p:tttern. '!his is a 2-byte 
integer. 

pattern 
The bit p:tttern, left justified, in GPR_$LINE_PATrERN_T format. '!his 
is a four-element array of 2-byte integers. 

length 
'!he length of the pattern in bits. This is a 2-byte integer in the 
range of 0 to 64. 

status 
Completion status, in STATUS_$T format. 

WTES 

* GPR_$IN(LLINE_PATTERN returns the current line p:tttern set explicitly 
with GPR_$SET_LINE_PArrTERN or set implicitly with GPIL$SET_LINESTYLE. 

* Use-GPR_$SET_LlNE_PATTERN to specify a new line pattern. You can also 
use GPR_$SET_LlNESTY.LE to set a line pattern within the limits of the 
parameter GRP_$DOTrED. 
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GPIL$IN2.,LINESTYLE 

GPR_$I~INESTYLE -- Returns information about the current line-style. 

FORMAT 

GPR_$It\XLLINESTYLE (style, scale, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

style 
'llie style of line, in GPR_$LINESTYLE_T format. Possible values are 
GPR_$SOLID and GPR_$DOTrED. This is a 2-byte integer. 

scale 
The scale factor for dashes if the style parameter is GPIL$DOTrED. This 
is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

OOl'ES 

* When the line-style attribute is GPR_$DOTrED, lines are drawn in 
dashes. '!he scale factor determines the number of pixels in each dash 
and in each space between the dashes. 

* To set the line-style attribute, use GPIL$SET_LINESTYLE. 
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GPR_$I~RASTER_OPS -- Returns the raster operations 
bitmap. 

FORMAT 

GER-$I~RASTE~OPS (raster-op, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

raster-op 

for the current 

Raster oreration rodes, in GHL,$RASTER_OP_AARAY_T format. This is an 
eight-element array of 2-byte integers. Each element corresJ;X>nds to the 
raster oreration for a single plane of the bitmap. I\)ssible raster op 
values are zero through fifteen. 

status 
Completion status, in STATUS_$T format. 

NarES 

* See Table 3-1 for a listing of the raster oreration codes and their 
functions. 

* To set a new raster or:eration for the current bitmap, use 
GPR_$SET_RASTER_OP. 
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GPR_$It\K,LSPACE_SIZE - Returns the width of the space to be displayed when a 
character requested is not in the specified font. 

FORMAT 

GPR_$INO-SPACE_SIZE (font-id, space-size, status) 

INPUT PARAMETERS 

font-id 
Identifier of the text font. This is a 2-byte integer. 

OUTPUT PARAMETERS 

space-size 
The space size of the specified font. This is a 2-byte integer. 
Possible values are -127 to 127. 

status 
Completion status, in STATUS_$T format. 

WTES 

* To set a font I s space size, use GPIL$SET_SPAC~SIZE. 

* The initial space size is defined in the font file. 

* The space size is the number of pixels to skip in the horizontal 
direction when a character that is not in the font is written. 
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GPR_$I~TEXT -- Returns the text font and text path used for the current 
bitmap. 

FORMAT 

GPR_$INLTEXT (font-id, };ath, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

font-id 

p;tth 

Identifier of the text font used for the current bitmap. This is a 
2-byte integer. 

The direction of movement from one text character position to the next 
in the current bitmap, in GP.P\-$DIREcrION_T format. Possible values are 
GPR_$UP, GPIL$IXlVN, GPIL$LEFT, and GPIL$RIGHT. 

status 
Cbmpietion status, in STATUS_$T format. 

NOl'ES 

* To set a new text font for the current bitmap, use GPIL$SET_TEXT_FONT. 
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GPIt..$Itl.L'IEXT_EXTENT 

GPR_$INO-TEXT_EXTENT -- Returns the x- and y-offsets a string spans when 
written by GPR_$TEXT. 

FORMAT 

GPIt..$IN(LTEXT_EXTENT (string, string-length, size, status) 

INPUT PARAMETERS 

string 
A string, in GPIL$STRIN:;_T format. '!his is an array of characters. 

string-length 
Number of characters in the string. This is a 2-byte integer. The 
maximum value is 256. 

OUTPUT PARAMETERS 

size 
width and height of the area the written string would occupy, in 
GPR_$OFFSET_T format. This is a two-element array of 2-byte integers. 
The first element is the width (the x-offset); the second element is the 
height (the y-offset). 

status 
Completion status, in STATUS_$T format. 

WTES 

* When the text path is GPR_$RIGHT or GPIL$LEFT, the width is the 
x-offset. When the text path is GPIL$UP or GPEL$I:O'JN, the height is 
the y-offset. 

* See GPR_$SET_TEXT_PA'IH for use of GPR_$RIGHT, GPIt..$LEFT, GPIt..$UP, and 
GPR_$I:O'JN • 

* Figure 11-1 shows two examples of the extent of text in relation to 
offsets. For horizontal text, use GPIt..$RIGHT with GPIt..$SET_TEXT_PA'IH. 
For rotated text, use GPR_$UP with GPIt..$SET_TEXT_PATH. 
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Horizontal Text 

width = x-offset 

11\ brown fox jumped over the fence) 

width = x-offset 

height = y offset 

height = y offset 

Figure 11-1. Height and Width for Horizontal and Rotated Text 
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GPR_$INO-TEXT_OFFSET -- Returns the x- and y-offsets from the top left pixel 
of a string to to the origin of the string's first 
character. This routine also returns the x- or 
y-offset to the pixel which is the new current 
p:>sition after the text is written with GPIL$TEXT. 

FORMAT 

GPR_$INO-TEXT_OFFSET (string, string-length, start, xy-end, status) 

INPUT PARAMETERS 

string 
A string, in GPR_$STRING_T format. This is an array of characters. 

string-length 
Number of characters in the string. This is a 2-byte integer. The 
maximum value is 256. 

OUTPUT PARAMETERS 

start 
X- and y-offsets from the top left pixel of the string to the origin of 
its first character, in GPR_$OFFSET_T format. This is a two-element 
array of 2-byte integers. The first element is the x-offseti the second 
element is the y-offset. 

xy-end 
The X- or Y-offset from the top left pixel of the string to the pixel 
that will be the new current p:>sition after the string is written with 
GPR_$TEXT. This is the X-offset when the text path is specified as 
GPR_$RIGHT or GPR_$LEFT. This is the Y-offset when the text path is 
specified as GPR_$UP or GPR_$DCMN. This is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 
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NOTES 

* A program can use the information derived from the "start" output 
parameter to set the current position to the character origin, rather 
than the top left corner of the string, before writing the string with 
GPIL$TEXT. 

* When the text path is GPIL$RIGHT or GPIL$LEFr, the offset is to the 
x-axis. When the text path is GPIL$UP or GPIL$IXlVN, the offset is to 
the y-axis. 

* See GPR_$SET_'mXT_PATH for use of GPIL$RIGHT, GPIL$LEFl', GPIL$UP, and 
GPR_$IXlVN • 

* Figure 11-2 shows an example of text offsets, after using GPIL$RIGHT and 
GPR_$UP with GPIL$SET_'lEXT_PATH. 
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Top left pixel of 
character string 

Origin of first 
character 

Current Position 
upon completion 
of GPR_$TEXT and 
GPR_$SET.:...-TEXT_PATH 
with GPR_$RIGHT 

Current position upon completion of 
GPR_$TEXT and GPR_$TEXT_PATH with 
GPR_$UP 

Text path is up from origin, 
letters reading up 

Origin of first character 

Figure 11-2. Text Offsets 
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GPR_$INO-TEXT_PATH -- Returns the direction for writing a line of text. 

FORMAT 

INPUT PARAMETERS 

~ne. 

OUTPUT PARAMETERS 

direction 
Direction for writing text, in GP~$DIRECTION_T format. Possible values 
are GPR_$UP, GPR_$ro\'N, GPIL$LEFT, and GPIL$RIGHT. 

status 
Completion status, in STATUS_$T format. 

NOTES 
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GPR_$INO-TEXT_VALUES -- Returns the current values of text and text 
background color/intensity value used in the current 
bitmap. 

FORMAT 

GPR_$INO-TEXT_VALUES (text-value, text-bkgd-value, status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

text-value 
A color map index that indicates the text oolor/intensity value, in 
GPR_$PIXEL_VALUE_T format. 

text-bkgd-value 
A 001 or map index that indicates the text background oolor/intensity 
value, in GPR_$PIXEL_T format. 

status 
Completion status, in STATUS_$T format~ 

NOTES 

* TO establish the text color/intensity value, use GP~$SET_TEXT_VALUE. 
Tb establish the text background color/intensity value, use 
GPR_$SET_'IEXT_BA.CKGROOND_VALUE. 
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GPR_$INO-VIS_LIST -- Returns a list of the visible sections of an obscured 
window. 

FORMAT 

GP~$INO-VIS_LIST (slots-available, slots-total, vis-list, status) 

INPUT PARAMETERS 

slots-available 
The size of the array of visible window sections. This is a 2-byte 
integer, which is the maxtffium number of visible rectangles that can be 
returned. If you want to list all existing sections, you must specify a 
number that is greater than or Equal to the number returned in the 
slots-total argument. 

OUTPUT PARAMETERS 

slots-total 
The number of existing visible rectangles. This is a 2-byte integer. 
If this value is greater than the slots-available pa.rameter, then only 
the number of rectangles specified in slots-available is returned. 

vis-list 
The list of visible window sections. This is an array in GPR_$WINInV_T 
format. GPR_$WINlXM_T format consists of a two-element array of 
two-element arrays. (In FORTRAN, you can use a two-dimensional array.) 

The first element of GP~$WINlXM_T specifies the window section's base 
relative to the top left corner of the window, in GPR_$POSITIOlLT 
format. This is a two-element array of 2-byte integers. The first 
element is the x-coordinate of the base; the second is the 
y-coordinate. 

The second element of GPR_$WINDOW_T specifies the section's size, in 
GPR_$OFFSET_T format. This is a two-element array of 2-byte integers. 
The first element is the section width in raster units; the second 
element is the section height. 

There is no set loot to the number of visible regions that nay be 
returned. 

status 
Completion status, in STATUS_$T format. 
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NOTES 

* If the display has been acquired but the target window is obscured, 
programs can call GPR_$INO-VIS_LIST to locate any visible sections of 
the window. 

* If the target window is visible, this routine returns a base of (0,0) 
and the size of the entire window. 

* If the window is obscured, the application should call 
GPR_$SET_CLIP_WINDOW once for each rectangle returned by 
GPR_$INO-VIS_LIST before making calls to drawing routines. Clipping is 
to rectangles only. The GPR software will not perform clipping 
automatically. 

* GP~$INO-VIS_LIST implicitly releases and reacquires the display in 
order to communicate with the Display Manager. 

11-77 User callable Routines 



GPR_$INO-WINDOW_ID -- Returns the character that identifies the current 
bitmap's window. 

FORMAT 

GPR_$INO-WINDOW_ID (character, status) 

INPUT PARAMETERS 

none 

OUTPUT PARAMETERS 

character 
The character that identifies the current bitmap's window. 

status 
Completion status, in STATUS_$T format. 

WI'ES 

* This character is returned by GPIt-$EVENT_WAIT and GPIL$COND_ENENT_WAIT 
when they return GPlL$ENTERED_WINJ:Xl'1 events. '!be character indicates 
which window was entered. 

* The character 'A' is the default value of the window identification for 
all windows. 
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GPIl..$LINE 

GPR_$LINE -- Draws a line from the current position to the given position, 
then updates the current position to the given position. 

FORMAT 

GPR_$LINE (x,y, status) 

INPUT PARAMETERS 

x 

y 

The x-coordinate, which designates the end point of the line and then 
becomes the current x-coordinate. Use GPlL$COORDINATE_T format. '!his is 
a 2-byte integer. Its values must be within the bitmap limits, unless 
clipping is enabled. 

The y-coordinate, which designates the end point of the line and then 
becomes the current y-coordinate. Use GPlL$COORDINATE_T format. This 
is a 2-byte integer. Its values must be within the bitmap limits, unless 
clipping is enabled. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* The given coordinates are added to the corresponding elements of the 
coordinate origin for the current bitmap. The resultant coordinate 
position is the destination of the line drawn. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. with clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 

* After the line has been drawn, its end point becomes the current 
position. 

* To set a new position without drawing a line, use GPR_$MOVE. 
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GPR_$LOADJUNT_FILE - Loads a font from a file into the display's font 
storage area. 

FORMAT 

GPR_$LOAD_FONT_FILE (pathname, pathname-length, font-id, status) 

INPUT PARAMETERS 

pathname 
Pathname of the file containing the font, in NAME_$PNAME_T format. '!his 
is a character string. 

pathname-length 
Number of characters in font file pathname. This is a 2-byte integer. 

OUTPUT PARAMETERS 

font-id 
Font identifier. This is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

IDI'ES 

* Use the font-id returned from this file as input for 
GPR_$SET_TEXT_FONT. 

* To unload fonts loaded with this routine, use GPlL$UNLOAD_FONT_FILE. 
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GPEL$IDVE 

GPR_$MOVE -- Changes the current position. 

FORMAT 

GPR_$MOVE (x, y, status) 

INPUT PARAMETERS 

x 

y 

The x-coordinate, which becomes the current 
GPR_$COORDINATE_T format. This is a 2-byte integer. 
within bitmap limits, unless clipping is enabled. 

x-coordinate, in 
Its values must be 

The y-coordinate, which becomes the current y-coordinate, in 
GPR_$COORDINATE_T format. This is a 2-byte integer. Its values must be 
within bitrrap limits, unless clipping is enabled. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

OOTES 

* The current position is the starting point for any line drawing and text 
operations. 

* GPIL$M)VE does not draw any lines. 

* See Section 6.1 for more information about the current position and the 
move routine. 

* The given coordinates are added to the corresponding elements of the 
coordinate origin for the current bitmap. The resultant coordinate 
position is the destination of the move operation. 

* When you have clipping enabled, you can specify coordinates outside the 
bi tmap limits. With cl ipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 
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GPR_$MULTILINE -- Draws a series of disconnected lines. 

FORMAT 

GPlL$MULTILINE (x, y, npositions, status) 

INPUT PARAMETERS 

x 

y 

List of the x-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GPlL$COORDI~_ARRAY_T 
format is an example of such an array. The values must be within the 
bitmap limits, lIDless clipping is enabled. 

List of the y-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GPR_$COORDINATE_ARRAY_T 
format is an example of such an array The values must be wi thin the 
bitmap limits, unless clipping is enabled. 

npositions 
Number of coordinate positions. 
1-32767. 

OUTPUT PARAMETERS 

status 

'!his is a 2-byte integer in the range 

Completion status, in ST~S_$T format. 

NOTES 

* GPR_$MULTiLINE alternately moves to a new position and draws lines: it 
moves to the first given position, draws a line from the first to the 
second given position, moves to the third position, etc. After the last 
line has been drawn or the last move has been nade, the endpoint becomes 
the current position. 

* The given coordinates are added to the corresponding elements of the 
coordinate origin for the current bitmap. The resultant coordinate 
position is the destination of the multiline drawn. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. With clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 
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GPR_$MULTITRAPEZOID 

GPR_$MULTrTRAPEZOID -- Draws and fills a list of trapezoids in the current 
bitmap. 

FORMAT 

GPR_$MULTITRAPEZOID (trapezoid-list, trapezoid-number, status) 

INPUT PARAMETERS 

tra~zoid-list 
The trapezoids to fill. 'Ibis is an array of one or more trapezoids in 
GPR_$TRAP_T format, a two-element array in GPIL$OOR!Z_SEG_T format. '!he 
first element is the top horizontal segment of the trapezoid; the second 
elanent is the bottom horizontal segment. 

trapezoid-number 
'!be number of trapezoids to fill. 'Ibis is a 2-byte integer. 

OUTPUT PARAMETERS 

status 
Compietion status, in STATUS_$T format. 

OOTES 

* GPR_$MULTITRAPEZOID fills in a list of trapezoids with the 
color/intensity value specified with GPR_$SE~FILL_VALUE. 

* To retrieve the current fill value, use GPIL$INO-FILL_VALUE. 
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GPR_$OPEN_BITMAP_FILE -- Opens a file for external storage of a bitmap. 

FORMAT 

GP~$OPEN_BITMAP_FILE (access, filename, name-size, version, size, groups, 
grou~headers, attributes, bitmap, created, status) 

INPUT PARAMETERS 

access 
One of four ways to 
GPR_$ACCESS_K)D~T format. 

GPR_$CREATE 
GP~$UPDATE 
GP~$WRITE 
GP~$REAOONLY 

access external bitmap objects, 
Possible values for this parameter are: 

in 

filename 
The pathname of the bitmap file, in NAME_$PNAME_T format. 

name-size 
The length of the file name. This is a 2-byte integer. 

version 

size 

The version number on the header of the external bitmap file, in 
GPR_$VERSION_T format. This is a two-element array of two 2-byte 
integers: a major version number and a minor version number. CUrrently, 
version is not used and is always returned as major version 1, minor 
version 1. 

Bitmap width and height, in GPR_$OFFSET_T format. This is a two-element 
array of 2-byte integers. The first element is bitmap width, in raster 
units; the second element is the bitmap height, in raster units. 
Possible values for x are 1-4096; possible values for yare 1-4096. 

groups 
The number of groups in external bitmaps. This is a 2-byte integer. 
Possible values are 1 •• (GPIL$MruLBMF_GIOJP +1). CUrrently, groups are 
not used; this value must be 1. 

grou~headers 
Descriptors of the external bitmap group headers, in 
GPR_$BMF_G1.OJP_HEADE~ARRAY_T format. This is an array 
[0 •• GPR_$MAX.J3MF_GROOP] of GPIL$BMF'_GROOP_HEADER_T. Possible values 
for fields in a group header are the following. Alignment constraints 
are included: 
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attribs 

N_SECl'S 
PIXEL_SIZE 

ALLOCATED_SIZE 

2-byte integer, 1 •• 8 
2-byte integer 
CUrrently, this value must be 1. 
2-byte integer 
Currently, this value must be 1. 
2-byte integer 
This value must be a multiple of 4 
'!his value is usually specified as O. 
4-byte integer 
'!his value must be either rounded up to a page 
boundary, or for small bitmaps rounded 
up to the next largest binary sutmultiple 
of a Fiige, for example, one-half, 
one-fourth, or one-eighth. 
One Fiige equals 1024 bytes. 
This value is usually specified as O. 
UNIV_PI'R format 

The attributes which the bitmap will use, in GPIL$ATrRIBU'lE_DESC_T 
format. This is a 4-byte integer. 

OUTPUT PARAMETERS 

bitmap 
Descriptor of the bitmap, in GPIL$BrIMAP_DESC_T format. 'Ibis is a 
4-byte integer. 

created 
Boolean (logical) value which specifies whether the bitmap file was 
created. If the value is true, the file was created. 

status 
Completion status, in STATUS_$T forroat. 

WI'ES 

* See Chapter 10 for sample programs that use GPR_$OPEN_BITMAP_FILE. 

* CUrrently, a section is equivalent to a bit plane. ~SECI'S nay include 
up to eight bit planes. 

* For ALLOCATED_SIZE, BYTES_PEILLINE and BYTES_PEILSECl', you can specify 
values as 0, and the GPR package will calculate and return the 
appropriate values. 

* BYTES_PEILSECl' is not necessarily a multiple of BYTES_PEILLINE. 'Ibis 
means that GPR will leave unused sp::tce at the end of one section to 
satisfy alignment constraints. The result is that the next section 
starts on an alignment boundary, which is normally a p::tge boundary. 
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* The access parameter specifies one of four ways to use external 
bitmaps. As shown in the table below, the value given for this 
parameter determines whether four other parameters are input (IN) or 
output (OUT). r.rbe values for these parameters are used to validate your 
input with GPIL$CREATE and GPIL$UPDATE. 

GPR_$CREATE GPIL$UIDATE GPR_$W'RITE GPIL$REAOONLY 
file exists 

version, 
size, 
groups, 
group­
headers 

IN 

no yes 

IN OOT OUT OUT 

* GPR_$CREATE indicates that you want a new external bitmap file. 
GPIL$UIDATE means that you want to create a new file or overwrite an 
existing one. 

* When you specify GPILCREATE as the access parameter and you specify a 
file name that already exists, the file is superseded only if it is a 
bitmap file. If the file is not a bitmap file, you get the error 
message NAME_$ALREAOY_EXISTS. 

* Attributes are not stored with the bitmap. You assign attributes when 
you open the bitmap file. See the routines 
GPR_$ALLOCATE_ATrRIBUTE_BLOCK and GPIL$ALLOCATE_BITMAP. 

* FORTRAN programmers can use the following equivalences: 

Parameter 

Integer *2 
Integer*4 

Equivalence 

tLSECl'S 
PIXE4-SIZE 
ALLOCATED_SIZE 
BYTES_PEILLINE 
BYTES_PER_SEC!' 
S'IORAGE_OFFSET 

(n_groups =1) 

headers2(8,n_groups) 
headers4(4,n_groups) 

headers2(1,1),headers4(1,1) 

headers2(1,n) 
headers2(2,n) 
headers2(3,n) 
headers2(4,n) 
headers4(3,n) 
headers4(4,n) 

* Figure 11-3 is a global view of one group. 
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Figure 11-3. View of One Group 
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GPR_$PGO~roLYLINE 

GPR_$PG(N_OOLYLINE - Defines a series of line segments forming part of a 
polygon boundary. 

FORMAT 

GPR_$PGON_OOLYLINE (x, y, npositions, status) 

INPUT PARAMETERS 

x 

y 

List of the x-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GPR_$OOORDINATE_ARRAY_T 
format is an example of such an array. The values must be within the 
bitmap limits, unless clipping is enabled. 

List of the y-ooordinates of all the successive positions. '!his is a 
one-dimensional array of 2-byte integers. GP~$OOORDINATE_ARRAY_T 
format is an example of such an array. The values must be within the 
bitmap limits, unless clipping is enabled. 

npositions 
Number of ooordinate positions. '!his is a 2-byte integer in the range 
1-32767. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* GPR_$PGON_OOLYLINE defines a series of line segments that comprise part 
of a polygon to be filled in by either (1) GPIL$CLOSE_FILL_roOO or by 
(2) GPIL$CLOS~REWRl\LPGON and GPIL$MULTITRAPEZOID. The lines are not 
drawn on the screen until the polygon is filled in by either routines 
(1) or (2) above. To draw a series of connected lines without filling 
the resulting figure, use GPIL$POLYLINE. 

* GPR_$PGCN_OOLYLINE must be called only when the line segments of a 
polygon are being defined; see the routine GPIL$START_PGON for more 
information. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. With clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 

User callable Routines 11-88 



GPIL$PIXEkBLT 

GPR_$PIXEL_BLT -- Performs a pixel block transfer from any bitmap to the 
current bibnap. 

FORMAT 

GPR_$PIXEL_BLT (source-bitma:trdesc, source-window, dest-origin, status) 

INPUT PARAMETERS 

source-bitmap-desc 
Descriptor of the source bitmap which contains the source window to be 
transferred, in GPR_$BITMAP_DESC_T format. This is a 4-byte integer. 

source-window 
Rectangular section of the bitmap from which to transfer pixels, in 
GPR_~INIXM_T format. This is a two-element array of two-element 
arrays. (In FORTRAN, you can use a two-dimensional array.) 

The first element of GPR_$WINDOW_T specifies the origin of the window 
(top-left corner), in GPR_$POSITIOlLT format. -This is a two-element 
array of 2-byte integers. The first element is the origin's 
x-coordinate; the second element is the y-coordinate. Coordinate values 
must be within the limits of the source bitmap. 

The second element of GPIL$WINIXlV_T specifies the window width and 
height, in GPR_$OFFSET_T format. This is a two-element array of 
two-byte integers. '!he first element is the window width, in raster 
units; the second element is the window height, in raster units. 

dest-origin 
Start position (top left coordinate position) of the destination 
rectangle, in GPR_$POSITION_T format. This is a two-element array of 
2-byte integers. The first element is the origin's x-coordinate; the 
second element is the y-coordinate. Coordinate values must be within 
the limits of the current bibnap, unless clipping is enabled. 

OUTPUT PARAMETERS 

status 
Completion status, in STAWS_$T format. 

WTES 

* Use GPR_$SET_BITMAP to establish the current bitmap for this routine. 

* Both the source and destination bitmaps can be in either display memory 
or main memory. 
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* The source window or1g1n is added to the coordinate origin for the 
source bitmap, and the result is the actual origin of the source 
rectangle for the BLT. Similarly, the destination origin is added to 
the coordinate origin for the current bitmap, and the result is the 
actual origin of the destination rectangle for the BLT. 

LIMITATIONS 

* If the source bitmap is a Display Manager frame, the only allowed raster 
op codes are 0, 5, A, and F. These are the raster operations in which 
the source plays no role. 

* If a rectangle is transferred by a BLT to a Display Manager frame and 
the frame is refreshed for any reason, the BLT is re-executed. 
Therefore, if the infonnation in the source bitmap has changed, the 
appearance of the frame changes accordingly. 
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GPIL$POLYLINE 

GPIL$POLYLINE - Draws a series of connected lines. 

FORMAT 

GPR_$POLYLINE (x, y, nIX>sitions, status) 

INPUT PARAMETERS 

x 

y 

List of the x-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GP~$OOORDINATE_ARRAY_T 
format is an example of such an array. The values must be wi thin the 
bitmap limits, unless clipping is enabled. 

List of the y-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GP~$COORDINATE_ARRAY_T 
format is an example of such an array. The values must be within the 
bitmap limits, unless clipping is enabled. 

nIX>sitions 
Number of coordinate positions. 
1-32767. 

OUTPUT PARAMETERS 

status 

'Ibis is a 2-byte integer in the range 

Completion status, in STATUS_$T format. 

WI'ES 

* GPR_$POLYLINE draws a series of connected lines: it starts from the 
current IX>sition, draws to the first given position, then sets the 
current position to the first given position. This is repeated for all 
given IX>sitions. 

* The given coordinates are added to the corresponding elements of the 
coordinate origin for the current bitmap. The resultant coordinate 
position is the destination of the IX>lyline drawn. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. with clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 

* See Section 6.2 for more information about drawing polylines. 
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GP~$READ_PIXELS -- Reads the pixel values from a window of the current 
bitmap and stores the values in a pixel array. 

FORMAT 

GP~$READ_PIXELS (source-window, pixel-array, status) 

INPUT PARAMETERS 

source-window 
Rectangular section of the current bitmap 
values (color/intensity), in GP~$WINroV_T 
two-element array of two-element arrays. 
two-dimensional array.) 

from which to read pixel 
format. This is a 

(In FORmAN, you can use a 

The first element of GP~$WINroV_T specifies the window origin (the top 
left corner coordinates), in GP}L$POSITIOtLT format. This is a 
two-element array of 2-byte integers. The first element is the origin's 
x-coordinate; the second element is the y-coordinate. Coordinate values 
must be within bitmap limits. 

The second element of GPR_$WINIXlV_T specifies the window width and 
height, in GPR_$OFFSET_T format. This is a two-element array of 2-byte 
integers. '!he first element is the window width, in raster units; the 
second element is the window height, in raster units. width and height 
values, when added to the window origin, must be within bitmap limits. 

OUTPUT PARAMETERS 

pixel-array 
Array of the pixel values (color/intensity). This is an array of 4-byte 
integers. GPR_$PIXEL_ARRAY_T format is an examl?le of such an array. 

status 
Completion status, in STATUS_$T format. 

IDTES 

* The pixel values from the source window of the current bitmap are stored 
in the pixel array in row-major order, one in each 4-byte integer. 

* Tb write pixel values from an array to the current bitmap, use 
GP~$WRITE_PIXELS. 
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GPIL$READYIXELS 

LIMITATIONS 

* A program cannot use this routine on a bitmap corresponding to a Display 
Manager frame. 

* A program cannot read pixels values in imaging for:mats. 
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GPR_$RECI'ANGLE 

GPR_$RECI'ANGLE - Fills a rectangle. 

FORMAT 

GPR_$RECI'ANGLE (rectangle, status) 

INPUT PARAMETERS 

rectangle 
'!he rectangle in the current bitmap to be filled in. Rectangle is in 
'GPR_$WINIXlV_T format. This is a two-element array of two-element 
arrays. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* GPR_$RECI'ANGLE fills in a rectangle with the color/intensity value 
specified with GP~$SET_FILL_VALUE. To retrieve the current fill value, 
use GPR_$INCLFILL_VALUE. 

* See Section 6.2 for more information about filling rectangles. 
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GPR_$RELEASE_DISPLAY -- Decrements a counter associated with the number of 
times a display has been acquired. 

FORMAT 

GPR_$RELEASE-PISPLAY (status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* GPR_$RELEASE_DISPLAY decrements a counter whose value reflects the 
number of times the display has been acquired. If the counter value 
reaches zero, the routine releases the display, allowing other 
processes, including the Display Manager, to use the display. 

* GPR_$RELEASE_DISPLAY automatically releases the keyboard when it 
releases the display. 

* Programs that call GPR_$EVENT_WAIT may not need to call 
GPR_$RELEASE_DISPLAY, since GPR_~T_WAIT releases the display 
~licitly whenever the process waits for input. 
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GPR_$REMAP_OOLO~MEMORY -- Establishes the single plane of color display 
memory to be accessed directly. 

FORMAT 

GPR_$REMAP_OOIDR_MEKJRY (plane, status) 

INPUT PARAMETERS 

plane 
Plane for access through storage-pointer, in GP~$PLANE_T format. This 
is a 2-byte integer. Valid values are 0-7. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

NOTES 

* When accessing color display memory directly (i.e. by dereferencing the 
pointer returned b¥ GP~$INO-BITMAP_POINTER), the program can access 
only one plane at a time. (This is unlike access to multi-plane memory 
bitmaps, in which the first scan line of a plane immediately follows the 
last scan line of the previous plane in virtual memory.) Therefore, a 
program must use GPR_$REMAP_OOLOR_MEIDRY to establish which plane of 
color display memory will be accessible through the pointer returned by 
GPR_$INCLBITMAP_OOINTER. 
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GPR_$REMAP_CDLOR_MEmRY_l - Sets the plane of hidden color display nemory 
mapped at the address returned by 
GPR_$Ir-l.LBI'lMAP_IDINTER. 

FORMAT 

GPR_$REMAP_CDLOR_MEr-DRY_l (plane, status) 

INPUT PARAMETERS 

plane 
Plane for access through storage-pointer, in GP~$PLANE_T format. This 
is a 2-byte integer. Valid values are 0-7. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

NOTES 

* GPR_$REMAP_OOLOE-MEr-DRY_l makes visible the normally hidden frame 1 of 
color display memory. GP~$REMAP_CDLOR_MEIDRY sets frame O. 
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GPIL$REPLICATEJ'(m' 

GPR_$REPLICATE_FONT -- Creates and loads a modifiable copy of a font. 

FORMAT 

GPR_$REPLICATE_FONT (font-id, repli-font-id, status) 

INPUT PARAMETERS 

font-id 
Identifier of the text font. This is a 2-byte integer. 

OUTPUT PARAMETERS 

repl-font-id 
Identifier of the copied text font. This is a 2-byte integer. 

status 
Completion status, in STATUS_$T format. 

IDTES 

* For a description of fonts and font files, see the DOMAIN System Cormnand 
Reference Manual. 

* To use routines which change fonts, you must first call 
GPIL$REPLICATE_FONT to create a modifiable copy of a font. The 
font-modifying routines include GPR_$SET_CHARACTER_WIOTH, 
GPR_$SET_HORIZONTAL_SPACI~, and GPR_$SET_SPACE_SIZE. These calls 
change only the local copy of the font. If you unload a font and reload 
it, the font is reset to the values in the font file. 
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GPR_$SELECI'_COLOILFRAME - Selects whether frame 0 or frame 1 of a plane of 
color display memory is visible. 

FORMAT 

GPIL$SELECI'_COLOR_FRAME (frame, status) 

INPUT PARAMETERS 

frame 
A 2-byte integer that denotes which frame is to be visible. Possible 
values are zero or one. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* Normally, frame 0 is visible. 
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GPR_$SET_~TIME_OUT -- Establishes the length of time the display will be 
acquired. 

FORMAT 

GPR_$SET_ACQ..TIME_OOT (timeout, status) 

INPUT PARAMETERS 

timeout 
The maximum real time, in TIME_$CLOCK_T format, for which the program 
can acquire the display. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

N)TES 

* If the program has not released the display when the time-out expires 
and another process (for example, the Display Manager) needs the 
display, an acquire time-out fault (SMD_$ACQUIRE_TIMEOUT) is generated 
in. the user process. The acquire time-out fault is a warning fault that 
the program can intercept with a cleanup handler or static fault 
handler. If the program does not release the display within a few 
seconds of the acquire timeout fault, a second fault occurs (wi th the 
status code FAULT_$QUIT) and the program loses control of the display. 

* If this routine is not called, the default time-out value is one 
minute. 
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GPR_$SET_~IBUTE_BLOCK -- Associates an attribute block with the current 
bitmap. 

FORMAT 

INPUT PARAMETERS 

attrib-block-desc 
The descriptor of the attribute block, in GPlL$ATrRIBUlE_DESC_T format. 
This is a 4-~te integer. 

OUTPUT PARAMETERS 

status 
Compietion status, in STATUS_$T format. 

OOTES 

* Tb allocate and deallocate attribute blocks, use 
GPR_$ALLOCATE_A'rrRIBU'lE_BLOCK and GPIL$DEALLOCATE_A'rrRIBU'lE_BLOCK. 

* To request the descriptor of the current bitmap's attribute block, use 
GPR_$ATTRIBUTE_BLOCK. 
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GPR_$SET_AOTO_REFRESH -- Directs the Display Manager to refresh the window 
automatically. 

FORMAT 

GPR_$SET_AOTO_REFRESH (auto-refresh, status) 

INPUT PARAMETERS 

auto-refresh 
A Boolean value that indicates whether or not the Display Manager will 
automatically refresh the application's window. A value of true means 
that auto-refresh is enabled; a value of false (the default) rreans that 
auto-refresh is disabled. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

NOTES 

* Automatic refresh of windows can affect ~stem performance and reduce 
the amount of disk space available, especially if the application's 
windows are large. 

* As an alternative, the application program can also provide procedures 
that ref resh the screen and hidden display; . see the routine 
GPR_$SET_REFRESH_EN'IRY. 

* This routine TInplicitly releases and reacquires the display in order to 
commmicate with the Display Manager. 

* This routine applies to the current bitmap. When a program changes 
attribute blocks for a bitmap during a graphics session, the auto 
refresh flag is lost unless you set it for the new attribute block. 

User callable Routines 11-102 



GPR_$SET_BITMAP -- Establishes a bitmap as the current bitmap for subsequent 
operations. 

FORMAT 

GPR_$SET_BITMAP (bitmap-desc, status) 

INPUT PARAMETERS 

bitmap-desc 
The bitmap descriptor, in GPR_$BITMAP_DESC_T format. 'Ibis is a 4-byte 
integer that uniquely identifies the bitmap. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* The program can obtain the bitmap descriptor by using GPR_$INO-BITMAP. 

* After a bitmap is established, it is called the "current bitmap". 
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GPR_$SET_BITMAP_DIMENSIONS -- Modifies the size and the number of planes of a 
bitmap. 

EPRMAT 

GPR_$SET_BITMAP_DIMENSIONS (bitmap-dese, size, hi-plane-id, status) 

INPUT PARAMETERS 

bitmap-desc 

size 

The descriptor of the bitmap, in GPIL$BI'l}1AP_DESC_T' format. '!his is a 
4-byte integer. 

New width and height of the bitmap, in GPIL$OFFSET_T format. This is a 
two-element array of 2-byte integers. The first element is the bitmap 
width, in raster units; the second element is the bitmap height, in 
raster units. 

hi-plane-id 
The new 
format. 

identifier of the bitmap's highest plane, 
This is a 2-byte integer. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T fonnat. 

IDlES 

* A program can use this call to change the size of a bitmap after the 
bitmap has been created. This is useful if the program wishes to 
restrict itself to an upper-left subset of the original bitmap, or to 
use hidden memory on a borrowed display. 

* In direct mode, when you allocate a bitmap, you request a size. You 
may get a smaller size if the Display Manager window is smaller than the 
size you requested. These restrictions apply to resizing bitmaps. Any 
bitmap can be shrunk from its original dimensions in x, y or the highest 
plane. Once the bitmap has been shrunk, it can grow up to its r~uested 
size. '!he maximum allowed sizes for x, y and the highest plane for the 
various DOMAIN displays are given in the following table. 
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max X maxY max high plane 

Monochromatic display 1024 1024 0 
(either J;X>rtrait or landscape) 

Color display--Interactive format 
4-bit pixels 1024 2048 3 

8-bit pixels 1024 2048 7 

* If a program uses hidden display rremory, it must be careful not to 
modify areas that are being used to s~ore fill constants or text fonts. 
The following areas may be used by these functions on the various DOMAIN 
displays. 

Fill constants: 
Both monochromatic displays: 800 <= X <= 1023 and Y = 1023. 
Color displays: none. 

Stand-alone font: 
Monochromatic portrait display: 800 <= X <= 1023 and 0 <= Y <= 39. 
Monochromatic landscape display: 800 <= X <= 1023 and 983 <= Y <= 1022. 
Color displays: same as monochromatic portrait display, plane 0 only, 

Y offset by 1024. 

User text fonts: (only if text fonts are loaded) 
Monochromatic portrait display: 800 <= X <= 1023 and 40 <= Y <= 1022, 

allocated from top to bottom. 
Monochromatic landscape display: 0 <= X <= 1023 and 800 <= Y <= 1023, 

in columns 224 bits wide, allocated 
top to bottom and left to right. 

Color displays: same as monochromatic portrait display, plane a only, 
Y offset by 1024. 

Note that these areas may IOOve, grow or shrink. in future OOMAIN software 
releases. Therefore, only limited use should be made of hidden display 
memory in conjunction with text or cursor operations. 
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GPR $SET CHARACTER WIIYrH - - -

GPR_$SET_CHARACTE~WIDTH -- Specifies the width of the specified character in 
"the specified font. 

FORMAT 

GPR_$SET_CHARACTE~WTIDTH (font-id, character, width, status) 

INPUT PARAMETERS 

font-id 
Identifier of the text font. This is a 2-byte integer. 

character 
rrbe specified character. This is a CHAR variable. 

width 
The width parameter of the specified character. This is a 2-byte 
integer. possible values are -127 to 127. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* To retrieve a character's width, use GPR_$IN;LCHARACTER_WID'IH. 

* The initial character widths are defined in the font file. For a 
description of fonts and font files, see the OOMAIN aYstem Corrmand 
Reference Manual. 

* To use routines which change fonts, you must first call 
GPR_$REPLICATE_FONT to create a modifiable copy of a font. The 
font-modifying routines include GP~$SET_CHARACTER_~, 
GPR_$SET_HORIZOOTAk.SPACIR;, and GPR_$SET_SPACE_SIZE. These calls 
change only the local copy of the font. If you unload a font and reload 
it, the font is reset to the values in the font file. 
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GPR_$SET_CLIPPING_ACTIVE -- Enables/disables a clipping window for the 
current bitmap. 

FORMAT 

INPUT PARAMETERS 

active 
A Boolean (logical) value which specifies whether or not to enable the 
clipping window. Set this value to true to enable the clipping' window; 
set it to false to disable the clipping window. 

OUTPUT PARAMETERS 

status 
Com~etion status, in STATUS_$T format. 

WTES 

* To specify a clipping window, use the routine GPE-$SET_CLIP_WINDOW. 

* Initially, in borrow-display and frame modes, the clip winoow is 
disabled. In direct roode, the clip window is enabled and clipped to the 
size of the window. 

* To inquire whether the clip window is enabled, use 
GPR_$IN;LCDNS'rnAINTS • 
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GPR_$SET_CLIP_WINDOW -- Changes the clipping window for the current bitmap. 

FORMAT 

INPUT PARAMETERS 

window 
The new clipping window, in GPR_$WIN1XW'_T format. This is a two-elanent 
array of two-elanent arrays. (In FORTRAN, you can use a two-dimensional 
array. ) 

The first element of GP~$WIN1XW'_T specifies the window origin (the top 
left corner coordinate fOsition) in GPIL$POSITION_T format. This is a 
two-element array of 2-byte integers. The first element is the origin's 
x-coordinate; the second element is the y-coordinate. Coordinate values 
must be wi thin the bitmap limits. 

rrbe second element of GPR_$WIN1XW'_T specif ies the window width and 
height, in GPR_$OFFSET_T format. '!his is a two-element array of 2-byte 
integers. '!he first element is the window width, in raster units; the 
second element is the window height, in raster units. Width and height 
values, when added to the corresponding origin coordinate, must be 
within bitmap limits. (See Figure 11-4.) 

CURRENT BITMAP 

CLIPPING WINDOW 
ORIGIN 

CLIPPING WINDOW 

CLIPPING WINDOW WfDTH 

CLIPPING WINDOW HEIGHT 

Figure 11-4. Clipping Window Origin, Width, Height 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 
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WTES 

* The default clip window is the entire bitmap. 

* Pixels outside the clip window in the current bitmap are not modified ~ 
subsequent operations. 

* To enable the clip window, use GP:EL$SET_CLIPPI~_Ac.rIVE. 

* To request the dimensions of the current clip window, use 
GPR_$IN<l-CDNSTRAINTS • 

LIMITATIONS 

* This call is not allowed on the bitmap corresIX>nding to the Display 
Manager frame. 
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GPR_$SET_COLOR_MAP -- Establishes new values for the color map. 

FORMAT 

GPR_$SET_COLOE-MAP (start-index, n-entries, values, status) 

INPUT PARAMETERS 

start-index 
Index of first color value entry, in GP~$PIXE4-VALUE_T format. This is 
a 4-byte integer. 

n-entries 
Number of entries. This is a 2-byte integer. Valid values are: 

2, for monochromatic displays 
1-16, for color displays in 4-bit pixel format 
1-256, for color displays in 8-bit or 24-bit pixel format 

values 
Color value entries, in GPIL$COLOR_VECIOR_T format. This is an array of 
4-byte integers. 

OUTPUT PARAMETERS 

status 
Completion status, in ST~S_$T format. 

IDTES 

* For the monochromatic display, the default start-index is 0, n-entries 
is 2, and the values are GPR_$BLPCK and GPIL$WHITE. Dark has the value 
GPR_$BLACK, and bright has the value GPIL$WHITE. A program can use this 
routine to redefine the pixel values corresponding to bright and dark 
intensity. 

* For the monochromatic display, if the program provides fewer than two 
values, or if the first two values are the same (both black or both 
white), the routine returns an error. 

* For the monochromatic display, the graphics primitives simulate a color 
map by modifying the contents of display memory. 

* In direct mode, you must acquire the display before establishing new 
values for the color map. 

* To retrieve the current color nap, use GPR_$INCLCOLOR_MAP. 
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GPR_$SET_COORDINATE_ORIGIN -- Establishes x- and y-offsets to add to all x­
and y-coordinates used as input to move, line 
drawing, and BLT operations on the current 
bitmap. 

FORMAT 

INPUT PARAMETERS 

origin 
The new coordinate or1g1n for the bitmap, in GPR_$POSITION_T format. 
This is a two-element array of 2-byte integers. The first element is 
the origin's x-coordinate; the second element is the y-coordinate. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

ID'IES 

* This call affects the x- and y-coordinates input to the following 
routines: GP1L$M)VE, GPR_$LINE, GPIL$POLYLINE, GP1L$MULTILINE, 
GPR_$ADDITIVE_BLT, GPR_$BIT_BLT, and GPIL$PIXEL_BLT. 

* To retrieve the current coordinate origin, use 
GPR_$INO-COORDINATE_ORIGIN. 

* The default coordinate origin is (0,0). 

LIMITATIONS 

* This routine nay not be used on a bitmap corresp:>nding to a Display 
Manager frame. 
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GPR_$SET_CURSOlLACl'IVE - Specifies whether the cursor is displayed. 

FORMAT 

GPR_$SET_aJRSOILACl'IVE (active, status) 

INPUT PARAMETERS 

active 
A Boolean (logical) value which specifies whether to display the 
cursor. Set the parameter to true to display the cursor; set it to 
false if you do not want to display the cursor. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

KQTES 

* Initially, the cursor is not displayed. 

* To inquire whether the cursor is currently displayed, use 
GPIL$INQJlJRSOR. 

LIMITATIONS 

* A program may call this routine only while operating in borrow-display 
or direct mode. . 
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GPR_$SET_CURSOR_ORIGIN -- Defines one of the cursor's pixels as the cursor 
origin. 

FORMAT 

INPUT PARAMETERS 

origin 
The p:>sition of one cursor pixel (the origin) relative to the entire 
cursor, in GPR_$POSITIOtLT format. '!his is a two-element array of 2-byte 
integers. The first element is the pixel's cursor-relative 
x-coordinate. The second element is the pixel's cursor-relative 
y-coordinate. Coordina.te values are in the range 0-15, but limited by 
cursor size; the cursor origin cannot be outside the cursor. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* A program uses GPR_$SET_CURSOR_ORIGIN to designate one cursor pixel as 
the cursor origin. Thereafter, when the cursor is moved, the pixel 
designated as the cursor origin moves to the screen coordinate 
designated as the cursor p:>sition. 

* The default cursor origin depends on the default cursor size, which 
depends on the size of the Display Manager's standard font. 

* To inquire about the current cursor origin, pattern, position and 
whether the cursor is enabled, use GPR_$INLCURSOR. 
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FORMAT 

INPUT PARAMETERS 

cursor-pattern 
The descriptor of the bi tma.p which contains the cursor pattern, in 
GPR_$BITMAP_DESC_T format. This is a 4-byte integer. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* Initially, the cursor pattern is a rectangle, which varies in size 
according to the size of the Display Manager's standard font. A program 
can use GPR_$SET_CURSOR_PATrERN to redefine the cursor p:ittern. '!be 
bitmap that repres~nts the cursor pattern consists of one plane, which 
is a maximum of 16x16 pixels in size. 

* To inquire about the current cursor pattern, use GPR_$INO-CURSOR. 
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GPR_$SET_CURSO~POSITION -- Establishes a position on the screen for display 
of the cursor. 

FORMAT 

INPUT PARAMETERS 

position 
Screen coordinate position for display of the cursor, in GP~$POSITIO~T 
format. This is a two-element array of two-byte integers. '!be first 
element is the cursor position's x-coordinate; the second element is the 
y-coordinate. Coordinate values must be within the limits of the 
display in use, as follows: 

x y 

Borrowed Display: 

Monochromatic Portrait: 0-799 0-1023 

Monochroma tic Landscape: 0-1023 0-799 

Color: 0-1023 0-1023 

Display Manager Frame: 0-32767 0-32767 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 
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IDTES 

* CUrsor IX>sition: If a program calls this routine when in borrow-display 
mode, the x- and y-coordinates represent an absolute IX>sition on the 
screen. If a program calls this routine when the cursor is inside a 
frame of a Display Manager p:ld, the x- and y-coordinates are offsets 
from the top left corner of the frame. 

* If the coordinate IX>sition would cause any p:lrt of the cursor to be 
outside the screen or frame, the cursor moves only as far as the edge of 
the screen. The Olrsor is neither clipped nor made to disappear. 

* To request the current Olrsor IX>sition, use GP~$INO-CURSOR. 

LIMITATIONS 

* In a Display Manager frame, this routine moves the cursor only if the 
cursor is in the window viewing this frame when the call is issued. If 
not, a "next window" command which moves to that window will nove the 
cursor to its new IX>sition. 
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GPR_ $SEI'_DRAW_ VALUE -- ~cif ies the color/ intensity val ue to use to draw 
lines. 

FORMAT 

GPR_ $SET_1JRl:il_ VALUE (index, status) 

.I.m>Jlr PARAMETERS 

index 
The color map index that 'indicates the current color/intensity value 
used for drawing lines, in GPR_$PlXEL_ VALUE_T format. This is a 4-byte 
integer. Valid values are: 

0-1 for monochranatic displays 
0-15 for color displays in 4-bit pixel format 
0-255 for color displays in 8-bit or 24-bit pixel format 
-2 for all displays. This s~cifies using the color/intensity 

value of the bitmap backgrotmd as the line drawing value. 
For borrowed displays and manory bitmaps, the fill 
backgrotmd is always zero. For Display Manager frames, this 
is the pixel value in use for the window background. 

QUTPur PARAMETERS 

status 
Completion status, in STA'IUS_ $T format. 

* To retrieve the current draw value, use GPR_$INQ..DRAW_VALUE. 

* The default draw value is 1. 

* For monochranatic displays, only the lCM-order bit of the draw value is 
considered, because monochranatic displays have only one plane. 

* For color displays in 4-bit pixel format, only the four lCMest-order 
bi ts of the draw val ue are consid:red, because these displays have four 
planes. 

* The color sp:cification p:lrameter is a color map index, not a color 
value. See Section 4.3. 
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GPR_$SET_FIL4-BACKGROUND_VALUE -- Specifies the color/intensity value used 
for drawing the background of tile fills. 

FORMAT 

INPUT PARAMETERS 

index 
The color map index that indicates the current color/intensity value 
used for tile fills, in GPR_$PIXEL_VALUE_T format. 'Ibis is a 4-byte 
integer. Valid values are: 

0-1 
0-15 
0-255 
-1 

-2 

for monochromatic displays 
for color displays in 4-bit pixel format 
for color displays in 8-bit or 24-bit pixel format 
for all displays. This specifies that the fill background is 
transparent; that is, the old values of the pixels are not 
changed. 
for all displays. This specifies using the color/intensity 
value of the bitmap background as the fill background. 
For borrowed displays and memory bitmaps, the fill 
background is always zero. For Display Manager frames, this 
is the pixel value in use for the window background. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* To retrieve the current background value, use 
GPIL$IN(LFILL_BACKG1OJND_VALUE. 

* The default fill background value is -2. 

* This routine defines the background fill value for I-bit patterns. In 
all other fill patterns, the values set with this routine are ignored. 
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GPR_$SET_FILL_PATTERN -- Specifies the fill pattern used for the current 
bitmap. 

FORMAT 

INPUT PARAMETERS 

pattern 
The descriptor of the bitmap containing the fill pattern, in 
GPR_$BI'IMAP_DESC_T format. This is a 4-byte integer. See restriction 
below. 

scale 
The number of times each bit in this pattern is to be replicated before 
proceeding to the next bit in the pattern. This is a 2-byte integer. 
See restriction below. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* CUrrently, the tile pattern must be stored in a bitmap that is 32x32 
pixels by n planes. The scale factor must be one. lmy other pattern 
size or scale value results in an error. 

* To retrieve the current fill pattern for the current bitmap, use 
GPR_$INCLFILL_PATrERN. 

* With a one-plane bitmap as the pattern, the pixel values used are those 
set by GPR_$SET_FILL_VALUE and GPIL$SET_FILL_BACKGIOJND_VALUE. Pixels 
corresfX)nding to "1" bits of the pattern are drawn in the fill value: 
pixels oorresfX)nding to "0" bits of the pattern are drawn in the fill 
background value. 

* With a multiplane bitmap as the pattern, the pixel values used are those 
contained in the pattern bitmap. 

* To re-establish solid fills, set the fill pattern descriptor to 
GPR_$NIL_BI'IMAP_DESC. 
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GPR_$SET_FILL_VALUE -- specifies the color/intensi~ value to use to fill 
circles, rectangles, triangles, and trapezoids. 

FORMAT 

GPR_$Sm'_FILL_ VALUE (index, status) 

index 
The color map index that indicates the current fill col or/ intensi ty 
value, in GP.R_$PlXEL_VALUE_T format. This is a 4-byte integer. Valid 
values are: 

0-1 for monochromatic dispiays 
0-15 for color dispiays in 4-bit pixel format 
0-255 for color displays in a-bit or 24-bit pixel format 

OIlrPIlr PARAMWI'ERS 

status 
Canpietion status, in STA'IUS_ $T format. 

* To retrieve the current fill value, use GPR_$INQ..FILL_VALUE. 

* The default fill value is 1. 

* For monochromatic displays, only the lCM-order bit of the fill value is 
considered, because monochromatic displays have only one plane. 

* For color dispiays in 4-bi t pixel format, only the four 1 CMest-order 
bi ts of the fill value are considered, because these dispiays have four 
planes. 

* The color SJ;ecification p:trarneter is a color map index, not a color 
value. See Section 4.3. 
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GPR_$SET_HORIZONTA4-SPACI~ - Specifies the p:irameter for horizontal sp:icing 
of the specified font. 

FORMAT 

GPIL$SET_OORIZONTAL_SPACIr-x; (font-id, horizontal-spacing, status) 

INPUT PARAMETERS 

font-id 
The identifier of the text font. This is a 2-b¥te integer. 

horizontal-spacing 
The horizontal spacing parameter of the specified font. 'Ibis is a 
2-byte integer. Possible values are -127 to 127. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* Use GPR_$INO-HORIZONTAL_SPACING to retrieve a font's horizontal 
spacing. 

* The initial horizontal spacing is defined in the font file. For a 
description of fonts and font files, see the DOMAIN System Cormnand 
Reference Manual. 

* To use routines which change fonts, you· must first call 
GPR_$REPLICATE_FONT to create a modifiable copy of ~ a font. '!he 
font-modifying routines include GPIL$SET_CHARACTER_WIDTH, 
GPR_$SET_HORIZONTAL_SPACING, and GPIL$SET_SPACE_SIZE. These calls 
change only the local copy of the font. If you unlcad a font and relcad 
it, the font is reset to the values in the font file. 
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GP~$SET_IMAGIK;_FORMAT - Sets the imaging format of the color display. 

FORMAT 

GPR_$SET_IMAGING_FORMAT (format, status) 

INPUT PARAMETERS 

format 
A format type that specifies pixel and bit values. 
GPR_$IMAGIK;_FORMAT_T format. This is a two-bute integer. 
values and hardware configurations are the following: 

Either two- or three-board: 
GP~$INTERACTIVE 

'!Wo-board only: 
GP~$IMAGING_1024xl024x8 

'lhree-board only: 
GPR_$IMAGING_512x512x24 

OUTPUT PARAMETERS 

status 
Com~etion status, in STATUS_$T format. 

WTES 

* To retrieve the current imaging format, use GP~$IN;LIMAGIK;_FORMAT. 

Use 
Valid 

* To use GPR_$SET_IMAGING_FORMAT, you must be in borrow display mode and 
be using a color node. 

* See Section 2.3 for more information about imaging formats. 

LIMITATIONS 

* Imaging formats support only limited GPR operations - displaying pixel 
data and changing the color nap. Other functions will return error messages. 

* l024xl024x8 imaging forma.t is not supported on a three-board ~stem 
as it offers no advantages over interactive formats. 
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GPR_$SET_INPUT_SID -- Specifies the input pad from which graphics input is to 
be taken. 

FORMAT 

INPUT PARAMETERS 

stream-id 
The stream ID that GPR software will use for input in frame mode, in 
STREAM_$ID_T format. '!be stream must be a Display Manager input pad. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* Programs use this call only when they call input routines in frame mode 
(GPIL$EVENT_WAIT and GPR_$COND_EVENT_WAIT). 

* If this routine is not called, the default stream ID is STREAM_$STDIN (a 
stream ID of zero). 

* To work properly, the input pad must be the pad associated with the 
transcript pad passed to GPR_$INIT. STREAM_$STDIN is associated with 
STREAM_$STDOUT in this way in a normal Shell process window. other 
process input pads derive their association from the PAD_$C~ call 
that created them. 
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GPR_$SET_LINE_PATl'ERN - Specifies the p:tttern to use in drawing lines. 

FORMAT 

INPUT PARAMETERS 

repeat 
'!he replication factor for each bit in the p:tttern. '!his is a 2-byte 
integer. 

pattern 
The bit pattern, left justified, in GPIL$LINE_PA'ITE~T forma,t. ibis 
is a four-element array of 2-byte integers. 

length 
The length of the p:tttern in bits. '!his is a 2-byte integer in the 
range of 0 to 64. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

OOTES 

* GPR_$LINE, GPIL$POLYLINE, GPIL$MULT!LINE use the pattern/style most 
recently defined b¥ either GPIL$SET_LINE_PATl'ERN or GPIL$SET_LINESTYLE. 
'!he actual bits in the integers define the line pattern. You should set 
the first bit in the pattern; otherwise, the vectors you draw will not 
show the beginning of the line correctly. 

* Specifying the value of 0 for either repeat or length results in a solid 
line. 

* You may also set a line p:ittern with GPIL$SET_LINESTYLE. The pattern is 
defined by the IBrameter GPIL$OOI'IED. 

* Within each element of the bit p:ittern, the bits are used in order of 
decreasing significance. '!his starts with the most significant bit of 
entry 1 down to the least significant of entry 4. 

* Use GPIL$IN;LLINE_PATrERN to retrieve the current line p:lttern. This 
routine returns the pattern set explicitly with GPIL$SET_LINE_PATTERN or 
set ~plicitly with GPIL$SET_LINESTY.LE. 

User callable Routines 11-124 



GPR_$SET_LINESTYLE - sets the line-style attribute of the current bitmap. 

FORMAT 

GPR_$SET_LINESTYLE (style, scale, status) 

INPUT PARAMETERS 

style 
The style of line, in GPR_$LINESTYLE_T format. Possible values are 
GPR_$SOLID and GPR_$OO'rIED. This is a 2-byte integer. 

scale 
The scale factor for dashes if the style parameter is GPIL$OOTIED. '!his 
is a 2-byte integer. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* When the line-style attribute is GPIL$OOrTED, lines are drawn in 
dashes. The scale factor determines the number of pixels in each dash 
and in each space between the dashes. 

* For greater flexibility in setting line styles, use 
GPR_$SET_LINE_PATrERN. 

* Use GPR_$INO-LINESTYLE to retrieve the current line-style attribute. 
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GP~$SET_OBSCURED_OPT -- Establishes the action to be taken when a window to 
be a<Xluired is obscured. 

FORMAT 

GP~$SET_OBSCURED_OPT (if-obscured, status) 

INPUT PARAMETERS 

if-obscured 
If the window to be a<Xluired by GPIL$ACQUIRE_DISPLAY is obscured, this 
argument specifies, in GPR_$OBSCURED_OPTION_T format, the action to be 
taken. 'Ibis is a 2-byte integer. The IX>ssible actions are: 

GPR_$POP_IF_OBS 

GPIL$ERILIF_OBS 

OUTPUT PARAMETERS 

status 

Pop the window. 

Return an error and do not 
acx;Iuire the display. 

Block display acx;Iuisition 
until the window is IX>pped. 

ACXIuire the display even though the window 
is obscured. 

Completion status, in STATUS_$T format. 

N)TES 

* If this routine is not called, the action to be taken defaults to 
GPR_$ERR_IF_OBS. 

* These options apply whenever the display is acx;Iuired, ei ther by 
GPIL$ACQUIRE_DISPLAY or implicitly by GPIL$EmNT_WAIT. 

* If the program specifies the option GPR_$ERR-IF_OBS, it must check the 
status code returned from GPR_$ACQUIRE_DISPLAY or GPILSEVENT_WAIT before 
calling any drawing routines. 

* When a program specifies OK_$IF_OBS, the output is performed even when 
the window is obscured. This output may overwrite other Display Manager 
windows. 

* Use GPR_$INO-VIS_LIST to retrieve a list of visible sections of an 
obscured window. 
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GPR_$SET_PLANE_MASK
1 

- Establishes a plane mask for subsequent write 
operations. 

FORMAT 

GPR_$SET_PLANE_MASK (mask, status) 

INPUT PARAMETERS 

mask 
The plane mask, which specifies which planes to use, in GPIL$MASK_T 
format. FORTRAN programmers should encode the plane mask in a 2-byte 
integer in the range 0-255. Pascal programmers can use a variable with 
a SET OF 0 •• 7 to set the bits directly. If, for example, the third bit 
is ON, the third plane will be used in subsequent operations. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* The defaul t mask specif ies that all planes are used. 

* Operations occur only on the planes specified in the mask. A program 
can use this routine, for example, to perform raster operations on 
separate planes or groups of planes in the bitmap. 

* Using the mask, a program can partition the 8-bit pixels into subunits. 
For example, the program can use planes 0-3 for one picture and planes 
4-7 for another. Thus, one bitmap may contain two color pictures. This 
does not, however, increase the number of colors available for one 
bitmap. 

* To retrieve the current plane mask, use GPR_$INLCDNSTRAINTS. 
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GPR_$SET_RAS~OP -- specifies a new raster operation for both BLTS and 
lines. 

FORMAT 

GPR_$SET_RASTEILOP (plane-id, raster-op, status) 

INPUT PARAMETERS 

plane-id 
Identifier of the bitmap plane involved in the raster operation, in 
GPR_$PLANE_T format. This is a 2-byte integer. Valid values are zero 
through the identifier of the bitmap's highest plane. 

raster-op 
Raster operation code, in GPR_$RASTER_OP_T format. 'Ibis is a 2-byte 
integer. Possible values are zero through fifteen. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

l\OTES 

* See Table 3-1 for a listing of the raster operation codes and their 
functions. 

* Use GPR_$INO-RASTER_OPS to retrieve the current BLT raster operation. 

* The initial raster operation is 3. 'Ibis operation assigns all source 
bit values to new destination bit values. 

* The following is a list of the op codes and logical functions of the 
sixteen raster operations and a truth table of the raster operations. 
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Raster Operations and Their Functions 

Ql2 Code Logical function 

0 Assign zero to all new destination values. 
1 Assign source AND destination to new destination. 
2 Assign source AND complement of destination to new destination. 
3 Assign all source values to new destination. 
4 Assign complement of source AND destination to new destination. 
5 Assign all destination values to new destination. 
6 Assign source EXCLUSIVE OR destination to new destination. 
7 Assign source OR destination to new destination. 
8 Assign complement of source AND complement of destination to 

new destination. 
9 Assign source EQUrvALENCE destination to new destination. 

10 Assign complement of destination to new destination. 
11 Assign source OR complement of destination to new destination. 
12 Assign complement of source to new destination. 
13 Assign complement of source OR destination to new destination. 
14 Assign complement of source OR complement of destination to 

new destination. 
15 Assign 1 to all new destination values. 

Raster Operations: Truth Table 

SOURCE DESTINATION RESULTANT BIT VALUES FOR '!HE FOLLCl\1IK; OP CODES: 
BIT BIT 
VALUE VALUE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
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GPR_$SET_REFRESH_ENTRY -- Specifies the entry points of application-supplied 
procedures that refresh the displayed image in a 
direct window and hidden display memory. 

FORMAT 

GP~$SET_REFRESH_ENTRY (window-procedure, disp-~procedure, status) 

INPUT PARAMETERS 

window-procedure 
Entry point for the application-supplied procedure that refreshes the 
Display Manager window, in GP~$IMI~PR_T format. '!his is a pointer to 
a procedure. 

disp-mem-procedure 
Entry point for the application-supplied procedure that refreshes the 
application's hidden display rremory, in GP~$RHmt_PILT format, which is 
a pointer to a procedure. 

OUTPUT PARAMETERS 

status 
Completion status, in ST~S_$T format. 

WI'EiS 

* The Display Manager determines when the window needs to be redrawn based 
on the amount of activity the user generates on the screen. When a 
redrawing operation is necessary, the Display Manager calls the 
ap~ication-supplied procedure the next time that the application 
aa:;Iuires the display. '!Wo input p:1rameters are p:1ssed to the window 
refresh procedure: 

• unobscured -- When false, this Boolean value indicates that the 
window is obscured. 

• positiol'Lchanged - When true, this Boolean value indicates that 
the window has moved or grown since the display was released. 

'!he "pointer to procedure" data type is an extension to the Pascal 
language. See the Pascal User's Guide for an explanation of this 
extension. 

* This routine requires you to pass procedure pointers. Tb do so in 
FORmAN programs, use the following technique. First declare the 
subroutines to be p:1ssed as EXTERNAL. '!ben p:1ss their names using the 
IADDR funct:lon to simulate the Pascal pointer mechanism. For example: 
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CALL GPR_$SET_REFRFSH_ENTRY (IADDR (REFRESH_WINIXlV) ,IADDR (REFRESH_1m) , 
srATUS) 

* In FORTRAN, use 0 (not NIL) to indicate a zero value. 

* The contents of hidden display memory may be altered by an intervening 
process. If this occurs, the application-supplied procedure for 
display memory refresh is called to reconstruct hidden display memory 
when the application reaCXIuires the display (with GPIL$ACQUIRE_DISPLAY 
or GPR_$EVENT_WAIT). 

* You nay use GPR_$SET_REFRESH_ENTRY to ~cify entry roints for window 
refresh and hidden display memory refresh procedures. When you do so, 
the display memory refresh procedure is called before the window refresh 
procedure. These procedures are never called a~nchronously. They are 
called only when the display is aCXIuired. Programs that only need to 
define one entry roint should specify a null pointer to the appropriate 
parameter. 

* Successive calls to GPR_$SET_REFRESH_ENTRY override previously defined 
entry points. 

* This routine applies to the current bitmap. When you have multiple 
displayed bitmaps, you may establish a call to GPIL$SET_REFRESH_EN'lRY 
for each bitmap. When a program changes attribute blocks for a bitmap 
during a graphics session, the refresh entry procedures are lost unless 
you set them for the new attribute block. 

* Applications can also direct the Display Manager to refresh the window 
automatically; see the routine GPlL$SET_AU'IO_REFRESH. 
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GPR_$SET_SPACE_SIZE -- Specifies the size of horizontal spacing for the 
specified font. 

FORMAT 

INPUT PARAMETERS 

font-id 
Identifier of the text font. This is a 2-byte integer. 

space-size 
'!he space size of the specified font. This is a 2-byte integer. 
Possible values are -127 to 127. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

KQTES 

* To retrieve a font's space size, use GP~$INO-SPACE_SIZE. 

* The initial character widths are defined in the font file. For a 
description of fonts and font files, see the DOMAIN SYstem Command 
Reference Manual. 

* TO use routines which change fonts, you must first call 
GPR_$REPLICATE_FONT to create a modifiable copy of a font. The 
font-modifying routines include GP~$SET_CHARACTER_WIDTH, 
GP~$SET_HORIZONTAL_SPACING, and GPR_$SET_SPACE_SIZE. These calls 
change only the local copy of the font. If you unload a font and reload 
it, the font is reset to the values in the font file. 

* The space size is the number -of pixels to skip in the horizontal 
direction when you include a character that is not in the font. 
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GHL$SET_TEX'I'_BACKGRalND_VALUE -- ~cifies the oolor/intensity value to use 
for text background. 

FORMAT 

GPIL$SET_TEXT_BACKGRCDND_VALUE (index, status) 

INPUT PARAMRrERS 

index 
The -eolor map index that indicates the current color/intensity value 
used for the text background, in Gm_$PIXEL-VALUE_T format. '!his is a 
4-byte integer. Valid values are: 

0-1 for monochromatic dispiays 
0-15 for color displays in 4-bit pixel format 
0-255 for color dispiays in 8-bit or 24-bit pixel format 
-1 for all displays. 'Ibis s~cifies that the text background is 

transp:irentj that is, the old values of the pixels are not 
changed. 

-2 for all displays. 'Ibis s~cifies using the 001 or/ intensity 
value of the bitmap background as the text background. 
For borrowed dispiays and memory bitmaps, this value 
is always zero. For Dispiay Manager frames, this is 
the pixel value in use for the window background. 

OUTPUT PARAMEI'ERS 

status 
Ca'opletion status, in STA'IUS_$T format. 

NOTES 

* To retrieve the current text background value, use GP1L$ThtLVALUFS, 

* The default text background value is -2. 

* For monochromatic displays, only the lav-order bit of the text 
background val ue is oonsidered, because monochromatic dispiays have only 
one plane. 

* For color displays in 4-bit pixel mode, only the four lavest-order bits 
of the text background val ue are considered, because these displays have 
four planes. 

* The color ~cification pirameter is a color map index, not a color 
val ue • See Section 4.3. 
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GER_$SEt-TEXT_FONT -- Establishes a new font for subsequent text operations. 

FORMAT 

GBL$SET_TEXT_FONT (font-id, status) 

INPUT PARAMm'EjRS 

font-id 
Identifier of the nay text font. 'Ibis is a 2-byte integer. 

OUTPUT PARAMETERS 

status 
Completion status, in STA'IUS_$T format. 

NOTES 

* Obtain the font-id when loading a font with GP.EL$LOAD_FONr_FILE. 

* To request the identifier of the current font, use GP.EL$IN;LTEXT. 

* There is no default text font. A program must load and set the font. 

* Call GP.EL$SET_TEXT_FONT for each main manory bitmap. Otherwise, an 
error is returned (invalid font id). 
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GP~$SET_TEXT_PATH -- Specifies the direction for writing a line of text. 

FORMAT 

INPUT PARAMETERS 

direction 
The direction used for writing text, in GP~$DlRECTION_T format. 
Possible values are GPR_$UP, GPR_$OOVN, GPR_$LEFI' and GPR_$RIGHT. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* To retrieve the current text path, use GP~$INO-TEXT_PATH. 

* The initial text path is GP~$RIGHT. 
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GPIL.$SE,"L'JEcr1_VALUE -- Specifies the oolor/intensity value to use for writing 
text. 

FPRMAT 

GHL$SE,"L'JEcr1_ VALUE (index, sta tus) 

INPUT PARAMETERS 

index 
'nle oolor map index that indicates the current oolor/intensity value 
used for writing text, in GP1L$PIXEL_VALUE_T format. 'Ibis is a 4-byte 
integer. Val id val ues are: 

0-1 for monochromatic displays 
0-15 for color displays in 4-bit pixel format 
0-255 for color displays in a-bit or 24-bit pixel format 

OUTPUT PARAME.'rERS 

status 
Completion status, in STA'IUS_$T format. 

IDrES 

* To retrieve the current text value, use GPR...$lJ(LVALUES. 

* The default text value is 1 for borrCMed displays, memory bitmaps, and 
Display Manager frames on monochranatic displays; 0 for Display Manager 
frames on oolor displays. 

* For monochromatic displays, only the lCM-order bit of the text value is 
considered, because monochromatic displays have only one plane. 

* For 001 or displays in 4-bit pixel format, only the four lCMest-order 
bits of the text value are oonsidered, because these displays have four 
planes. 

* The color stecification p3.rameter is a oolor map index, not a oolor 
value. See Section 4.3. 
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GPR_$SET_WINDOW_ID --. Establishes the character that identifies the current 
bitmap's window. 

FORMAT 

INPUT PARAMETERS 

character 
The character that identifies the current bitmaps's window. 
data ~ CHAR. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

NOTES 

'Ibis is 

* This character is returned by GPR_$EVENT_WAIT and GPIL$COND_E,VEN'r_WAIT 
when they return GPR_$ENTERED_WINID\1 events. The character indicates 
which window was entered. 

* The character 'AI is the default value of the window identification for 
all windows. 

* You nay assign the same character to more than one window. However, if 
you do so, you cannot distinguish input from the two windows. 
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GP:EL$SPLINE_aJBIC_P - Draws a parametric cubic spline through the control 
points. 

FORMAT 

INPUT PARAMETERS 

x 

y 

List of the x-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GP:EL$OOORDINATE_ARRAY_T 
format is an example of such an array. '!he values must be wi thin the 
bitmap limits unless clipping is enabled. 

List of the y-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GPJL$COORDINATE_ARRAY_T 
format is an example of such an array. '!he values must be within the 
bitmap limits unless clipping is enabled. 

npositions 
Number of coordinate positions. 'Ibis is a 2-byte integer in the range 
1-32767. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* GPR_$SPLINE_aJBIC_P draws a smooth curve starting from the current 
position, through each of the specified points. 

* After the spline is drawn, the last point becomes the current position. 

* The specified coordinates are added to the corresponding elements of the 
coordinate origin for the current bitmap. The resultant coordinate 
positions are the points through which the spline is drawn. 

* An error is returned if any two consecutive points are EGual. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. With clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 
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GPR_$SPLINE_CUBIC_X -- Draws a cubic spline as a function of x through the 
oontrol points. 

FORMAT 

INPUT PARAMETERS 

x 

y 

List of the x-coordinates of ali the successive positions. This is a 
one-dimensional array of 2-byte integers. GP~$OOORDINATE_ARRAY_T 
format is an example of such an array. The values must be wi thin the 
bimap limits unless clipping is enabled. 

List of the y-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GP~$OOORDINATE_ARRAY_T 
format is an example of such an array. The values must be within the 
bi map limits unless clipping is enabled. 

npositions 
Number of ooordinate positions. This is a 2-byte integer in the range 
1-32767. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

NOTES 

* GPR_$SPLINE_CUBIC_X draws a smooth curve starting from the current 
position and through each of the specified points. 

* After the spline is drawn, the last point becomes the current position. 

* The specified ooordinates are added to the oorresponding elements of the 
ooordinate origin for the current bitmap. The resultant ooordinate 
positions are the points through which the spline is drawn. 

* An error is returned 
previous x-coordinate. 
increasing order. 

if any x-coordina te is less than or ~ual to a 
The x-coordinate array must be sorted into 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. With clipping disabled, specifying coordinates outside 
the bibnap limits results in an error. 
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GPR_$SPLINE_CUBIC_Y -- Draws a cubic spline as a function of y through the 
control points. 

FORMAT 

INPUT PARAMETERS 

x 

y 

List of the x-coordinates of all the successive positions. This is a 
one-dimensional array of 2-byte integers. GP~$OOORDlNATE_ARRAY_T 
format is an example of such an array. '!he values must be within the 
bitmap limits tmless clipping is enabled. 

List of the y-coordinates of all the successive I:X>sitions. This is a 
one-dimensional array of 2-byte integers. GP~$COORDlNATE_ARRAY_T 
format is an example of such an array. '!he values must be within the 
bitmap limits unless clipping is enabled. 

npositions 
Number of coordinate fOsitions. This is a 2-byte integer in the range 
1-32767. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* GPR_$SPLINE_CUBIC_Y draws a smooth curve starting from the current 
position and through each of the specified points. 

* After the spline is drawn, the last };X)int becomes the current IX>sition. 

* The specified coordinates are added to the corresfOnding elements of the 
coordinate origin for the current bitmap. The resultant coordinate 
};X)sitions are the I:X>ints through which the spline is drawn. 

* An error is returned if any y-coordinate is less than or equal to a 
previous y-coordinate. The y-coordinate array must be sorted into 
increasing order. 

* When you have clipping enabled, you can specify coordinates outside the 
bitmap limits. with clipping disabled, specifying coordinates outside 
the bitmap limits results in an error. 
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GPR_$START_PGON -- Defines the starting position of a polygon boundary loop 
of edges. 

FORMAT 

GPR_$START_~ (x, y, status) 

INPUT PARAMETERS 

x 

y 

The x-coordinate, in GPR_$OOORDlNATE_T format. 
integer. Its values must be within bitmap limits, 
enabled. 

'!be y-coordinate, in GPR_$OOORDlNATE_T format. 
integer. Its values must be within bitmap limits, 
enabled. 

'!his is a 2-byte 
unless clipping is 

'!his is a 2-byte 
unless clipping is 

OUTPUT PARAME1ERS 

status 
Completion status, in STATUS_$T format. 

IDI'ES 

* GPR_$START_FGON defines the first point in a polygon boundary loop of 
edges. This routine is used in conjunction with GPIL$PGON_OOLYLlNE to 
define a connected series of edges composing one closed loop of a 
polygon I s boundary. To see the I;X>lygon, you must fill it using either 
GPR_$CLOSE_FILL_PGON or GPIL$CLOSE_RE'IUmL.rooN and GPIL$MULTITRAPEZOID. 

* This routine closes any previously open loop of edges by connecting its 
last endpoint to its first endpoint with an edge. '!hen, the routine 
starts the new loop. 

* See Section 6.2 for more information about polygons. 
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GPR_$TERMI~ -- Terminates the graphics primitives package. 

FORMAT 

GPR_$TERMINATE (delete-display, status) 

INPUT PARAMETERS 

delete-display 
A Boolean (logical) value which specifies whether to delete the frame of 
the Display Manager pad. If the program has o~rated in a Display 
Manager frame and needs to delete the frame at the end of a graphics 
session, set this value to true. If the program needs to close, but not 
delete the frame, set this value to false. If the program has not used 
a Display Manager frame, the value is ignored. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* GPR_$TERMITNATE deletes the frame regardless of the value of the 
delete-display argument in the following case. A BLT operation from a 
memory bitmap has been done to a Display Manager frame since the last 
time GP1L$CLEAR was called for the frame. 
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GPIL$TEXT 

GPR_$TEXT -- writes text to the current bitmap, beginning at the current 
position. 

FPRMAT 

GPR_$'rEXT (str ing, str ing-length, status) 

INPUT PARAMETERS 

string 
The string to write, in GPR_$STRING_T fonmat. 
characters. 

string-length 

'!his is an array of 

Number of characters in the string. This is a 2-b¥te integer. The 
maximum value is 256. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* GPR_$TEXT always clips to the edge of the bitmap, regardless of whether 
clipping is enabled. 

* GPR_$TEXT writes the characters in the current font which correspond to 
the ASCII values of the characters in the specified string. If the font 
does not have a character which corresponds to a character in the 
string, GPR_$TEXT leaves a space. 

* Text is written at the current position. The or1g1n of the first 
character of the character string is placed at the current position. 
Generally, the origin of the character is at the bottom left, exluding 
descenders of the character. 

* Upon completion of the GPIL$TEXT routine, the current position is 
updated to the coordinate position where a next character would be 
written. This is the case even if the string is p:irtly or completely 
clipped. However, the current position always remains within the 
boundar ies of the bitmap. 
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GPR_$TRAPEZOID 

GPR_$TRAPEZOID -- Draws and fills a trapezoid. 

EPRMAT 

GPR_$TRAPEZOID (trapezoid, status) 

INPUT PARAMETERS 

trapezoid 
The trapezoid in the current bitmap to be filled in. Trapezoid is in 
GPR_$TRAP_T format, which is a two-element array in GPJL$HORIZ_SEG_T 
format. The first array element is the top horizontal segment of the 
trapezoid; the second array element is the bottom horizontal segment. 

OUTPUT PARAME'lERS 

status 
Completion status, in ST~S_$T format. 

WlES 

* GPlL$TRAPEZOID fills in a trapezoid with the color/intensity value 
specified with GPlL$SET_FI~VALUE. To retrieve the current fill value, 
use GPR_$INl....FILL_ VALUE. 

* The GPR routines define a trapezoid as a quadrilateral with two 
horizontally parallel sides. 

* See Section 6.2 for more information about filling trapezoids. 
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GPIL$TR~ 

GPR_$TRIANGLE -- Fills a triangle. 

FORMAT 

GPR_$TRIANGLE (vertex-I, vertex-2, vertex-3, status) 

INPUT PARAMETERS 

vertex-l 
'!he first vertex of the triangle, in GPR_$POSITIOl\LT format. This is a 
two-element array of 2-byte integers describing an x- y-coordinate 
position in the bitmap. 

vertex-2 
The second vertex of the triangle, in GPIL$POSITIOl\LT format. This is 
a two-element array of 2-byte integers describing an x- y-coordinate 
position in the bitmap. 

vertex-3 
The third vertex of the triangle, in GPIL$POSITION_T format. This is a 
two-element array of 2-byte integers describing an x- y-coordinate 
position in the bitmap. 

OUTPUT PARAMETERS 

status 
Completion status, in ST~S_$T format. 

WTES 

* GPR_$TRIANGLE fills in a triangle with the color/intensity value 
s~cified with GPIL$SET_FIIJ.._VALUE. 

* To retrieve the current fill value, use GPR_$INO-FIIJ.._VALUE. 

* See Section 6.2 for more information about filling triangles. 
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GPR_$UNLOAD_FONT_FILE - Unloads a font that has been loaded by 
GPIL $LOADJ'ONT_FILE. 

FORMAT 

GPR_$UNLOADJ'ONT_FILE (font-id, status) 

INPUT PARAMETERS 

font-id 
Font identifier. This is a 2-byte integer. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

IDTES 

* The font-id is returned when a program loads a file with the routine 
GPR_$LOAD_FONT_FILE • 
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GPR_$WAIT_FRAME -- waits for the current frame refresh qycle to end before 
executing operations that modify the color display. 

FORMAT 

GPR_$WAIT_FRAME (status) 

INPUT PARAMETERS 

None. 

OUTPUT PARAMETERS 

status 
Completion status, in STATUS_$T format. 

WTES 

* This routine is for use on color displays only. 

* Operations that modify the color display include block transfers, 
drawing lines, and writing text. 

* This routine is useful primarily for animation. It delays execution of 
display modifications until the scan beam has completely covered the 
screen. 

* A program can also use this routine to ~nchronize changes to the color 
map with the beginning of the frame. 
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GPR_$WRITE_PIXELS -- writes the pixel values from a pixel array into a window 
of the current bitmap. 

FORMAT 

GPIL$WRITE_PIXELS (pixel-array, destination-window, status) 

INPUT PARAMETERS 

pixel-array 
Array from which to write pixel values (color/intensity). This is an 
array of 4-byte integers. GPIL$PIXEL_ARRAY_T format is an example of 
such an array. 

destination-window 
Rectangular section of the current bitmap into which to write the pixel 
values, in GPR_$W'INIXM_T format. This is a two-element array of 
two-element arrays. (In FORTRAN, you can use a two-dimensional array.) 

The first element of GPIL$W'INDOW_T specifies the window start origin 
(top left corner), in GPIL$POSITIOlLT format. This is a two-element 
array of 2-byte integers. The first element is the origin's 
x-coordinate; the second element is the y-coordinate. Coordinate values 
must be within the bitmap limits. 

The second element of GPR_$W'INInV_T specifies the window width and 
height, in GPR_$OFFSET_T format. '!his is a two-element array of 2-byte 
integers. The first element is the window width, in raster uni ts; the 
second element is the window height, in raster units. width and height 
values, when added to the window origin, must be within the bitmap 
limits. 

OUTPUT PARAMETERS 

status 
Com~etion status, in STATUS_$T format. 
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NarES 

* The pixel values in the pixel array, one in each 4-byte integer, are 
stored in the destination window of the bitmap in row-major order. 

* For monochromatic displays, only the low-order bit of each pixel value 
is significant. ' 

* For color displays in 4-bi t pixel format, only the four lowest-order 
bits of each pixel value are considered because the bitmaps have four 
planes. 

* GPR_$WRITE_PIXELS overwrites the old contents of the bitmap. 

* To read pixel values from the current bitmap into an array, use 
GPR_$READ_PIXELS. 

LIMITATIONS 

* A program cannot use this routine on a bitmap corresponding to a Display 
Manager frame. 
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OfAPrER 12 

GRAPHICS MAP FILES 

A graphics Irap file, or GMF, is an mage of the graphic infomation in a 
bitIrap. Each bit in the GMF represents the state of one visible p:>int on the 
display. On OOMAIN 001 or nodes, where Irore than one plane is used to 
represent visible infonration, a GMF stores the state of only one plane, 
typically plane o. 

Once you have stored iIrage data in a GMF, you can restore it to the display 
or produce a printed cop.{ of the iIrage. '!he GMF contains inforrration that 
helps the GMF Iranager or application prograJr interpret the contents of the 
GMF. For instance, the GMF Iray indicate the following: the Plysical density 
of the original mage, whether "1" bits in the file corres];X>nd to light or 
dark points on the display, and the diIrensions of the display area stored in 
the GMF. A GMF can contain the contents of an entire plane or anY specified 
rectangular ];X>rtion of the plane (subplane). 

In Software Releases 6.0 and earlier, GMFs were called graphics 11'etafiles. 

'!he calls to the GMF Iranager begin with the letters GMF. 'Ib store mage 
data in a GMF, you typically use GMF_$OPEN to create or o};en the GMF, then 
use GMF_$<DPY_PLANE to s~cify the inforrration to be oopied into the GMF, 
then close the GMF with GMF_$CLOSE. 

'!he GMF_$<DPLHJ\NE copies a plane of display Irarory. 'Ib Irake a GMF of any 
rectangular area on the display, regardless of its p:>sition, use the 1l'Ore 
general call GMF_$<DPY_SJBPLANE. 

'!he GMF_$RES'IDRJLH.J\NE call returns to the screen arw mage data that is 
stored in a s~cified GMF. 'Ib use this call, the node II'ust be in 
borrCM-display Irode. '!he call changes a rectangular p:>rtion of the display, 
with the size deteorined l¥ the size of the GMF you s~cify. 

In place of graphic Irap files, it is recoIrIrended that you use external 
bitIrap files. '!he external bitIrap files are preferable in 11'0st cases. Fbr 
a description of the routine for creating such files, see 
GPR_$OPEN_BITMAP_FILE in Olapter 11 of this 11'anual. 
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12.1 INSERT FILES 

Pascal prograws using a~ GMF routines wust 'include the file 
/SYS/INS/BASE. INS. PAS and /SYS/INS/G1F. INS. PAS. IDRrRAN prograrrs wust 
include /SYS/INS/BASE. INS. FTN and /SYS/INS/G1F. INS. Pm. PrograII's written in 
C wust include /SYS/INS/BASE. INS. C and /SYS/INS/G1F. INS. C. 

12.2 DATA S'IRUcruRES 

'!be GMF wanager roes not define any new data structures. 

12.3 ERROR MESSPGES 

Here are the IX>ssible error wessages generated k¥ the GMF calls described, in 
this chapter: 

GMF_$BAD_BPI 
GMF_$BAD_X-DIM 
GMF_$BAD_Y_DIM 
GMF_$BAD_WPL 

GMF_$BAD_IDS 
GMF_$NOI'_GMF 

-- Bits/inch p:l.rareter is negative 
-- X diIrension p:l.ratreter is not IX>si ti ve 
-- Y dill'ension p:l.rareter is not IX>sitive 
-- Words/line p:l.rareter is too srall for the 

X diIrension you specified 
-- Of;ening position p:l.raII'eter is illegal 
-- '!he file you wanted to open is not a GMF 

12.4 PROORAMMIR3 EXAMPLE 

'Ibis exaIrple in Pascal shows how to COIrbine the calls described in this 
chapter with GPR calls (see O"lapter 11) to fom a typical GMF o~ration. 
'Ibis exaIrple restores a previously saved GMF. 

{Initialize the graphics priIritive p:l.ckage in borrow-display IrOde.} 

{ Get the starting pointer. } 

gpr_$inr-bitIrap_tX>inter (disp_desc, ptr, width, sts) i 

{ ~n the file. } 

gn'f_$open (' / /pepsi/adr/gIl'f/turbine. p:ld' ,27 ,grf_$read, id, sts) i 

{ Restore the screen. } 

gn'f_$restore_piane (id,scsize.x-size,scsize.y_size,wpl,ptr,bpi,sts)i 
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{ Close the file. } 

gIl'f_$close (id, status) 7 

Explanation 

rrbe call to GPIL$INIT puts the screen in borrCM-display JrOde. '!he next call 
obtains "ptr", the p:>inter to the start of the screen bi map. '!he call to 
GMF_$OPEN o~ns a GMF with the s};ecified ncure, returning the identification 
l:¥ which you subsequently refer to the GMF. rrhe next call restores the 
screen frar this GMF. (Alternatively, you can use a call here to copy a 
plane or subplane to the GMF.) The final call closes the GMF. 

12.5 USER-C'ALLABLE ROJTINES 

'!he rarainder of this chapter s};ecif ies each call to the GMF II'anager in 
alphabetical order. 
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GMF_$CLQSE -- Closes a GMF 

FORMAT 

GMF_$CLOSE (streaw-id, status) 

INPUr PARAMRrERS 

streaw-id 
The streaw-id of the GMF to be closed, in S'IRFAM...$ID_T fonrat. '!his is 
a 2-byte integer. You obtain the stremr-id frar the call to GMF_$OPEN 
that you used to oJ;en the GMF. 

QUTPUl' PARAMErERS 

status 
Cmpletion status, in STAWS_$T fonrat. 

WTES 

* To o~n a GMF, use GMF_$OPEN. 
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GMF_$<DPY_PLANE -- Durps a rectangular area of bits frar virtual Jl'En'ory into 
a GMF. 

FPRMAT 

GMF_$<DPY_PLANE (streaIr-id, black-or-white, tpi, bit-fX)inter, x-diw, y-diIr, 
wpl, sta tus ) 

INPUT PARAMETERS 

strearr-id 
The strearr-id of the GMF into which the iIrage is to be stored, in 
S'lREAM...$ID_T fomat. '!his is a 2-byte integer. You obtain the 
streaIr-id frar the call to GMF_$OPEN that you used to o~n the GMF. 

black-or-white 

bpi 

A Boolean variable. A value of TRJE weans "1" bits are black and "0" 
bits are white. A value of FALSE weans "0" bits are white and "1" bits 
are black. '!his infomation is stored in the GMF. 

'!he nmber of bits r.er inch in the GMF. '!his infomation is also stored 
in the GMF. It indicates the J;hysical density of the iIrage represented 
in the GMF. If this pira:reter is nonzero, a device to which you output 
the GMF way cowpress or expand the iJrage to produce a result which is as 
close as fX)ssible to the iIrage I s original size. If this p:trcureter is 
zero, an output device uses one cbt to represent each bit frar the GMF, 
regardless of the resulting physical size of the mage. '!his is a 
2-byte integer. 

bit-p>inter 
A fX)inter to the upper left oorner of the rectangular area to be stored, 
in GMF_$MEIDRY_PrR_T forrrat. '!his is a 4-byte integer. You obtain this 
value l:¥ calling the routine GPIL$INl...BITMAP_IDINTER. 

x-diIr 
'!he x diwension of the rectangular area to be stored in the GMF. 

y-diw 

wpl 

'!he y diIrension of the rectangular area to be stored in the GMF. 

'!he nurber of l6-bit wor<E r.er scan line in the GMF. '!he value of this 
p:lrcureter, which is stored in the GMF, is usually 64. By specifying a 
sraller value, you can produce a GMF that takes less storage Sp:lce. 
However, the wpl II'ust be at least 1/16 of the sr.ecified x-diw. For 
instance, if you are storing an area 400 bits wide in a GMF, the GMF 
It'ust use at least 25 worc5 to represent each scan line (row of rots). 
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OUTPUT PARAMm'ERS 

status 
carpletion status, in STAWS_$T fonrat. 

IDTES 

* To store an mage in a GMF, you Irust have o~ned the GMF with the 
GMF_$OPEN call. 

* After storing an mage in a GMF, close the GMF with the GMF_$CLOSE 
call. 

* The GMF_$CDPY_PLANE call is a s~cial case of the GMF_$CD~SJBPLANE 
call. 
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GMF_$<DPY_SlBPLANE -- Durp3 a rectangular area of bits frat' virtual xrarory 
into a GMF. 

FORMAT 

GMF_$<DPY_SlBPLANE (strearr-id, black-or-white, q,i, bit-FOinter, x-diw, y-diIr, 
x-offset, y-offset, wpl, status) 

INPtlI' PARAMEnERS 

streaxr-id 
The strearr-id of the GMF into which the iJrage is to be stored, in 
S'.IREM-L$ID_T fortrat. 'Ibis is a 2-byte integer. You obtain the 
strearr-id frar the call to GMF_$OPEN that you used to o~n the GMF. 

black-or-white 

bpi 

A Boolean variable. A value of TRJE weans "1" bits are black and "0" 
bits are white. A value of FALSE weans "0" bits are white and "1" bits 
are black. rrhis infonration is stored in the GMF. 

'!he nurber of bits ~r inch in the GMF. 'Ibis infOrIration is also stored 
in the GMF. It indicates the };hysical density of the iJrage represented 
in the GMF. If this p:irareter is nonzero, a device to which you output 
the GMF way corrpress or expand the irrage to produce a resul t which is as 
close as FOssible to the irrage' s original size. If this p:traxreter is 
zero, an output device uses one cbt to represent each bit frar the GMF, 
regardless of the resulting physical size of the iIrage. 

bi t-J;Ointer _ 
A IX>inter to the upper left oorner of the rectangular area to be 
stored. 'Ibis is a four-byte integer. You obtain this value by calling 
the routine GPIL$nQ...BITMAP_ID:rNTE&. 

x-diIr 
'!be x dirrension of the rectangular area to be stored in the GMF. 

y-diw 
'!be y dirrension of the rectangular area to be stored in the GMF. 

x-offset 
rrhe x starting p:>sition of the rectangular area to be stored in the 
GMF. 

y-offset 
'!he y starting position of the rectangular area to be stored in the 
GMF. 
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wpl 
'lhe nmber of 16-bi t words ~r scan line in the GMF. 'lhe val ue of this 
I;arareter, which is stored in the GMF, is usually 64. By s};ecifying a 
maller value, you can produce a GMF that takes less storage sIBce. 
Havever, the wpl Il'ust be at least 1/16 of the s};ecified x-diIl'. Fbr 
instance, if you are stor ing an area 400 bits wide in a GMF, the GMF 
II'ust use at least 25 words to represent each scan line (rCM of dots). 

OUTPUT PARAMRrERS 

status 
Corrpletion status, in STAWS_$T fomat. 

NOTES 

* 'lb cop.{ a plane into a GMF, you Il'ust have o};ened the GMF with the 
GMF_$OPEN call. 

* After cop.{ing a plane into a GMF, close the GMF with the GMF_$CLOSE 
call. 

* '!he GMF_$<DPY_&JB~E call is a rrore general fom of the 
GMF_$<DPY_H:..ANE call. 
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GME'_$OPEN 

GMF_$OPEN -- Opens or creates a GMF. 

FORMAT 

GMF_$OPEN (naII'e, naIl'e-length, start, streaxr-id, status) 

INPUT PARAMETERS 

naIre 
Fa thnaIre, in NAME_$PNAME_T foorat. 

naIre-Iength 
'!he length of the narre. 'Ibis is a 2-byte integer. 

start 
r:esired position in the file after o{:en, in GMF_$OIDS_T foorat. '!his is 
a 2-byte integer. If you are o{:ening the GMF to write data to it (to 
oow a plane or subplane into it), use one of these two oonstants: 

GMF_$APPEND -- sets the initial tx>sition to EOF. 
GMF'_$O\TEHiRITE -- truncates the object to length 0 and sets the initial 

tx>sition to the beginning. 

If you are o{:ening the GMF to read data frar it (restoring a plane), use 
this oonstant: 

-- sets the initial tx>sition to the beginning without 
truncating the GMF. 

If the s{:ecified GMF does not exist and you used GMF_$OPEN to create it, 
it (bes not !ratter what value this p3.raxreter has. 

QUTPur PARAMETERS 

streaIr-id 
The streaIr-id of the o{:ened GMF, in S'IREML$ID_T fomat. '!his is a 
2-byte integer. You use this value in subsequent GMF calls that refer 
to the o{:ened GMF. 

status 
carpletion status, in STAWS_$T fomat. 
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GMF_$OPEN 

NOTES 

* If the S};ecified GMF does not exist, the call to GMF_$OPEN creates it. 

* You Irust call GMF_$OPEN before trying to read or write a GMF. 

* After o:fening a GMF with GMF_$OPEN, you Irust eventually close it l:!i 
calling GMF_$CLOSE. 
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GMF_$RES'lORE-PLANE -- Copies an iJrage back to the screen frar a GMF. 

FORMAT 

GMF_$RES'lORE-PLANE (strean-id, x-diIr, y-diIr, wpl, start, bpi, status) 

INPUTP~ 

strearr-id 
The streaxr-id of the GMF which is to supply the mage, in 
S'IREML$ID_T fom-at. '!his is a 2-byte integer. You obtain 
this p:lraII'eter frar the call to GMF_$OPEN you used to o~n the GMF. 

x-diIl' 
'!he x-diIrension in bits of the display to which an mage is to be restored. 
'Ibis is a 2-byte integer. 

y-diIl' 

wp1 

The y-diwension in bits of the display to which an iJrage is to be restored. 
'Ibis is a 2-byte integer. 

'Ibe nurber of l6-bit words in the x-diIrension in the destination bitIrap. 
'Ibis is a 2-byte integer. 

start 
The starting address in the destination bi map. 

OUTPUT PARAMETERS 

bpi 
Bits ~r inch as s:r;ecified in GMF_$<DPY_PLANE. 

status 
CoII'pletion status, in STAWS_$T fomat. 

NOTES 

* Before calling GMF_$RES'IDRE:....PLANE, you Il'ust use GPIL$INIT to place the 
node in 
borrow-display Il'Ode. 

* The size of the area to be restored is the satre as the size of the 
area you originally copied into the GMF. 'Ibis infomation is oontained 
in the GMF. 
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GMF_$RES'IOIULlLANE 

* The area to be restored is detenrined 1:¥ the bit-p:>inter SI;ecified 
in the GMF_$RES'IORJLFLANE call and the size data in the GMF. If 
this area runs off the right side or the l:ottar of the screen, 
the GMF Iranager restores only the IX>rtion of the stored iIrage that 
fits on the screen. 

* To restore a plane frat' a GMF, you Il'ust have o~ned the GMF 
with the GMF_$OPEN call. 

* After restoring a plane frar a GMF, you should close the GMF with the 
GMF_$CLOSE call. 
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APPENDIX A 

KEYBOARD CHARTS 

The following two charts and figures give the 8-bit ASCII values generated 
for two OOMAIN keyboards: 880 and low-profile. These charts include 
characters used in keystroke events. The columns represent the four highest 
order bits of an 8-bit value. The rows represent the four lowest order bits 
of an 8-bit value. For a more complete description of conventions for naming 
keys, see the DOMAIN System Command Reference Manual. 
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Figure A-I. Low-Profile keyboard Chart - Translated (user mode) 

o 1 2 3 4 5 6 7 8 A B c D E F 

o ~SP ~p SP 0 @ P 
, 

P Rl RIU Fl FLS FlU FIC 

1 AA AQ ! 1 A Q a q Ll R2 LIU R2U F2 F2S F2U F2C 

2 J3 "R " 2 B R b r L2 R3 L20 R3J F3 F3S F3J F3: 

3 .... C ~S # 3 C S c s L3 R4 LIl R40 F4 F4S F4U F4C 

4 AD "T $ 4 D T d t L4 R5 L40 R5U F5 F5S F5U F5C 

5 AE "u % 5 E U e u 15 BS L5U R2S F6 F6S F6U F6C 

6 AF ""V & 6 F V f v 16 CR 160 RlS F7 F7S F7U F7C 

7 AG W I 7 G W 9 w L7 TAB L70 R4S F8 F8S FaJ FEe 

8 AH ~ ( 8 H X h x L8 SI'AB La1 R:S RlS L8S LlA LOO 

AI "y ) 9 I y i Y 19 crlill L~ 1lS L98 L2A . L2AIJ 

A "'J .... Z * : J Z j z LA LAO L2S LAS L3l\ L3AO 

B "'K ESC + ; K [ ~k { LB LBU L3S IBS R6 R6U 

C L ~\ , < L \ 1 I LC Leo L4S LCS LIAS 

D "'M A] - = M ] In } LD Ltu 15S IDS L2AS 

I I "'N .... ~ > N 
.... r 1:' LEU L6S LES L3AS . n .Lu ... E 

F "'0 "? / ? 0 0 DEL LF LEU L7S LFS R6S 

o 1 2 3 4 5 6 7 B A B c D E F 
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Figure A-2. Low-Profile Keyboard 

~ 

D 
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Figure A-3. 880 Keyboard 
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Figure A-4. 880 Keyboard Chart - Translated (user mode) 

a 1 2 3 4 5 6 7 8 A B C D E F 

o .... , "'p SP 0 @ p , 
P R1 R1U F1 FlS FlU F1C 

1 .... A .... Q ! 1 A Q a q L1 R2 L1U R2U F2 F2S F2U F2C 

2 t3 .... R n 2 B R b r L2 R3 L2U R:lJ F3 FlS F:lJ F:£ 

3 .... C .... S # 3 C S c s L3 R4 L:lJ R4U F4 F4S F4U F4C 

4 "0 "T $ 4 D T d t L4 R5 L4U RSU F5 F5S FSU FSC 

5 .... E "U % 5 E U e u L5 BS LSU F6 F6S F6U F6C 

6 .... F "V & 6 F V f v L6 CR L6U F7 F7S F7U F7C 

7 .... G W , 7 G W 9 w L7 TAB L7U Fa Fa; F8J Fa: 

8 .... H "X ( 8 H X h x L8 STAB LOO NO N8 NClJ NaJ 

.... 1 x ) 9 I Y i y L9 crAB L:U N1 N9 NIU N:U 

A .... J .... z * : J Z j z LA LAO N2 N. N2U N.U 

...... 
"K " [ + . K [ k { LB LBU N3 N= N:lJ N=U , B 

c L "\ , < L \ 1 I LC LOJ N4 N+ N4U N+U 

D "M A

J - = M ] m } ill LIXJ N5 N- NSU N-lJ 

~ "- > N .... .- LE LED N6 N* N6U N*U . n E 

.... 0 .... / / ? 0 
.... 

LF LEU N7 N/ N7U N;tJ 0 F 

o 1 2 3 4 5 6 7 8 A B C D E F 
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APPENDIX B 

INSERT FILE FOR PASCAL 

This appendix contains the insert file for Pascal. This file includes 
error messages, color values, data types, and data structures. For 
a listing of data types and data structures in a table format, see 
Chapter 9. 

<DNsr 
gpr_$operation_ok = 16 00000000; 
gpr_$not_initia1ized = 16 06010001; 
gpr_$already_initialized = 16 06010002; 
gpr_$wron9-disp1ay_hardware = 16 06010003; 
gpr_$i11egal_for_frame = 16 06010004; 
gpr_$must_borrow_display = 16 06010005; 
gpr_$no_attributes_defined = 16 06010006; 
gpr_$no_more_space = 16 06010007; 
gpr_$dimension_too_big = 16 06010008; 
gpr_$dimension_too_smal1 = 16 06010009; 
gpr_$bad_bitrnap = 16 0601000A; 
gpr_$bad_attribute_b1ock = 16 0601000B; 
gpr_$window_out_of_bounds = 16 0601000C; 
gpr_$source_out_of_bounds = 16 0601000D; 
gpr_$dest_out_of_bounds = 16 0601000E; 
gpr_$invalid-p1ane = 16 0601000F; 
gpr_$cant_deal1ocate = 16 06010010; 
gpr_$coord_out_of_bounds = 16 06010011; 
gpr_$invalid_co1or_map = 16 06010012; 
gpr_$invalid_raster_op = 16 06010013; 
gpr_$bitrnap_is_read_only = 16 06010014; 
gpr_$interna1_error = 16 06010015; 
gpr_$font_tab1e_ful1 = 16 06010016; 
gpr_$bad_font_file = 16 06010017; 
gpr_$invalid_font_id = 16 06010018; 
gpr_$window_obscured = 16 06010019; 
gpr_$not_i~direct_mode = 16 0601001A; 
gpr_$not_in-P01ygon = 16 0601001B; 
gpr_$kbd_not_aoq = 16 0601001C; 
gpr_$disp1ay_not_aoq = 16 0601001D; 
gpr_$i11ega1-pixe1_values = 16 0601001E; 
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CDNsr 

TYPE 

gpr_$illegal_when_irnaging = 16 060l00lF; 
gpr_$invalid_imagin9-for.mat = 16 06010020; 
gpr_$must_release_display = 16 06010021; 
gpr_$cant_mix_modes = 16 06010022; 
gpr_$no_input_enabled = 16 06010023; 
gpr_$duplicate-POints = 16 06010024; 
gpr_Sar ray_not_sor ted = 16 06010025; 
gpr_$character_not_in_font = 16 06010026; 
gpr_$illegal_fil~ttern = 16 06010027; 
gpr_$illegal_fill_scale = 16 06010028; 
gpr_$incorrect_alignment = 16 06010029; 
gpr_$illegal_text-f8th = 16 060l002A; 
gpr_$unable_to_rotate_font = 16 060l002B; 
gpr_$font_is_read_only = 16 060l002C; 
gpr_$illegal-fattern_length = 16 060l002D; 

gpr_$black = 0; { color value for black 
gpr_$white = 16 FFFFFF; { color value for white 
gpr_$red = 16 FFOOOO; { color value for red } 

} 
} 

gpr_$green = 16 OOFFOO; { color value for green } 
gpr_$blue = 16 OOOOFF; 
gpr_$cyan = 16 OOFFFF; 
gpr_$magenta = 16 FFOOFF; 
gpr_$yellow = 16 FFFFOO; 

gpr_$transp:irent = -1; 

gpr_$background = -2; 

gpr_$strin9-size = 256; 
gpr_$max_x_size = 4096; 
gpr_$max-y_size = 4096; 
gpr_$highest-plane = 7; 
gpr_$nil_attribute_desc = 0; 

gpr_$nil_bitmap_desc = 0; 

gpr_$max_bmf_group = 0; 
gpr_$bmf_maj or_ version = Ii 
gpr_$bmf_minor_version = 1; 

{ color value for blue } 
{ color value for cyan (blue + green) 
{ color value for magenta (red + blue) 
{ color value for yellow (red + green) 

{ pixel value for transp:1rent 
(no change) } 

{ pixel value for window background } 

{ number of chars in a gpr string } 
{max bits in bitmap x dimension } 
{max bits in bitmap y dimension } 
{ max plane number in a bi trnap } 
{ value of a descriptor of 

nonexistent attributes } 
{ value of a descriptor of a 

nonexistent bitmap } .-
{ max group in external bitmaps } 

{ the five ways to use this package } 
gpr_$display_mode_t = (gpr_$borrow, 

gpr_$frame, 
gpr_$no_display, 
gpr_$direct, 
gpr_$bor row_nc 

) ; 

{ possible display hardware configurations } 
gpr_$display_conf i9-t = (gpr_$bw_800xl024, 
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gpr_$bw_1024x800, 
gpr_$color_l024xl024x4, 
gpr_$color_l024xl024x8, 
gpr_$RESERVEDx4, 
gpr_$RESERVEDx8 

) ; 

{ irraging vs interactive display formats } 
gpr_$imaginCLformat_t = (gpr_$interactive, 

gpr_$imaginCLl024xl024x8, 
gpr_$imaginCLS12x5l2x24 

) ; 

{ input event t~s } 
gpr_$event_t = ( gpr_Skeystroke, gpr_$buttons, gpr_$locator, 

gpr_$entered_window, gpr_$left_window, 
gpr_$locator_stop, gpr_$no_event ); 

{ sets of key values for input events } 
gpr_$keyset_t = SET OF char; 

{ options for acquire-display behavior when window is obscured } 
gpr_$obscured_opt_t = ( gpr_$ok_if_obs, gpr_$error_if_obs, 

gpr_$pop_if_obs, gpr_$block_if_obs ); 

{ event count keys } 
gpr_$ec_key_t = (gpr_Sinput_ec); 

{ procedure ~ for refresh-window procedures } 
gpr_$rwin-pr_t = ""PIVCEDURE ( IN unobscured: boolean; 

IN pos_change: boolean); 

{ procedure type for refresh-hidden display memory procedures } 
gpr_$rhdm-pr_t = ""PIVCEDURE; 

{ bitmap coordinates } 
gpr_$coordinate_t = integer16; 

{ lists of bitmap coordinates } 
gpr_$coordinate_array_t = ARRAY [1 •• 10] OF gpr_$coordinate_t; 

{ bitmap positions } 
gpr_$position_t = RE<DRD 

x_coord, y_coord: gpr_$coordinate_t 
END; 

{ bitmap offsets } 
gpr_$offset_t = RE<DRD 

x_size, y_size: gpr_$coordinate_t; 
END; 

{ windows on a bitmp } 
gpr_$window_t = RECORD 
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window_base: gpr_$position_t; 
window_size: gpr_$offset_t 
END; 

{ lists of windows } 
gpr_$window_list_t = ARRAY [1 •• 10] OF gpr_$window_t; 

{ horizontal line segments } 
gpr_$horiz_se9-t = RECDRD 

x_coord_l, x_coord_r, y_coord: gpr_$coordinate_t 
END; 

{ trapezoids with horizontal bases: defined as 2 horizontal 
line segments, top and bottom } 

gpr_$trap_t = RECDRD 
top, bot: gpr_$horiz_se9-t 
END; 

{ lists of trapezoids with horizontal bases } 
gpr_$trap_list_t = ARRAY [1 •• 10] OF gpr_$trap_t; 

{ graphics primitive strings } 
gpr_$strin9-t = ARRAY [l •• gpr_$strin9-size] OF char 

{ bitmap plane numbers } 
gpr_$plane_t = 0 •• gpr_$highest-plane; 

{ bi trnap plane masks } 
gpr_$mask_t = SET OF gpr_$plane_t; 

{ color values } 
gpr_$color_t = linteger; 

{ pixel values } 
gpr_$pixel_value_t = linteger; 

{ arrays of color values } 
gpr_$color_vector_t = ARRAY [0 •• 255] OF gpr_$color_t; 

{ arrays of pixel values } 
gpr_$pixel_array_t = ARRAY [0 •• 131072] OF gpr_$pixel_value_t; 

{ raster operation opcodes } 
gpr_$raster_op_t = o •• 15; 

{ arrays of raster operation opcodes } 
gpr_$raster_op_array_t = ARRAY [gpr_$plane_t] OF gpr_$raster_op_t; 

{ scalar type for directions } 
gpr_$direction_t = (gpr_$up, gpr_$down, gpr_$left, gpr_$right) ; 

{ line drawing styles } 
gpr_$linestyle_t = (gpr_$solid, gpr_$dotted); 
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%eject; 

gpr_$line-fettern_t = ARRAY [1 •• 4] OF integer; 

{ attribute block descriptors } 
gpr_$attribute_desc_t = linteger; 

{ bitmap descriptors } 
gpr_$bitmap_desc_t = linteger; 

{ external bitmap header version number } 
gpr_$version_t = 

REaJRD 
major integer16; 
minor : integer16 
END; 

{ external bitmap group header descriptor } 
gpr_$bmf_group_header_t = 

REaJRD 
n_sects 
pixel_size 
allocated_size 
bytes~r_line 
bytes~r_sect 
storage_offset 
END; 

integer16; 
integer16; 
integer16; 
integer16; 
integer32; 
univ-Ptr; 

{ array of external bitmap group header descriptors } 
gpr_$bmf_group_header_array_t = 

ARRAY [0 •• gpr_Smax_bmf_group] OF gpr_$bmf_group_header_t; 

{ ways to access external bitmap objects } 
gpr_$access_mode_t = (gpr_$create,gpr_$update, gpr_$write, 

gpr_$readonly) ; 

{ Initialization and tenmination. } 

{ GPR_$INIT initializes the graphics primitive p:lckage. } 

PROCEOORE gpr_$init { 
IN op: gpr_$display_mode_t; { mode of operation} 
IN unit_or-fad: stream_$id_t; { display unit or stream id 

of dm tad if any } 
IN size: gpr_$offset_t; { disp bitmap sizes in bits for 

x and y } 
IN hi-p1ane: gpr_$plane~t; { highest plane number display 

bitmap is to have } 
OUT init_bitmap: gpr_$bitmap_desc_t; { descriptor of initial 

bitmap } 
OUT status: status_$t { returned status } 

); EXTERN; 
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{ GPR_$TERMINATE tenninates this package's operation. } 

PROCEDURE gpr_$terminate ( 

%eject; 

IN delete_disp: boolean; 
OUT status: status_$t 

); EXTERN; 

{ whether to delete dIn frame } 
{ returned status } 

{ set and inquire operations for the display. } 

{ GPR_$INO-ODNFIG returns the current display configuration. } 

PROCEDURE gpr_$iIXLoonfig ( 
OUT oonfig: gpr_$display_oonfi<Lt; 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$SET_ODLOILMAP gives new values for the color map. } 

ProcEDURE gpr_$set_oolor_nap ( 
IN start_index: gpr_$pixel_value_t;{ index of first entry} 
IN n_entries: integer; {of entries } 
IN v: UNIV gpr_$color_vector_ti { entry values } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPIL$INO-<DLOR_MAP returns current values in the oolor map. } 

PROCEDURE gpr_$i1'XLoolor_map ( 
IN start_index: gpr_$pixel_value_ti{ index of first entry} 
IN n_entries: integer; {of entries } 
OUT v: UNIV gpr_$color_ vector_ti { entry values } 
OUT status: status_$t { returned status } 

); EXTERNi 

{ GPIL$SET_CUROOR_PA'ITERN loads a cursor pattern. } 

PROCEDURE gpr_$set_cursor-fattern ( 
IN cursor: gpr_$bitmap_desc_ti{ pattern for cursor} 
OUT status: status_$t { returned status } 

); EXTERN; 
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{ GPR_$SET_CURSOR_ACTIVE specifies whether the cursor should be 
on or off. } 

PROCEDURE gpr_$set_cursor_active ( 
IN active: boolean; 
OUT status: status_$t 

); EXTERN; 

{ false -> off, true -> on } 
{ returned status } 

{ GPR_$SET_CURSOR_POSITION gives the position at which the cursor is 
to be displayed, in the current bitnap. } 

PROCEDURE gpr_$set_cursor-fOsition ( 
IN tx>s: gpr_$position_t; 
OUT status: status_$t 

); EXTERN; 

{ where it goes } 
{ returned status } 

{ GPR_$SET_CURSOR_ORIGIN gives the cursor-relative tx>sition of its pixel 
which is to be placed at the cursor position. } 

PROCEDURE gpr_$set_cursor_origin ( 
IN origin: gpr_$position_t; { the position of the cursor 

pixel } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$INO-CURSOR returns information about the cursor. } 

PROCEDURE gpr_$i~cursor ( 
OUT cursor: gpr_$bi tmap_desc_ti { pattern for cursor } 
OUT ops: gpr_$raster_op_array_t; { raster ops for cursor } 
OUT active: boolean; { whether cursor is active } 
OOT pos: gpr_$position_t; {current cursor position } 
OUT origin: gpr_$position_t;{ current cursor origin} 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$WAIT_FRAME causes the color display hardware to defer processing 
further requests lU1til the next end-of-frame. } 

PROCEDURE gpr_$wait_frame ( 

%eject; 

OUT status: status_$t 
); EXTERN; 

{ Bitmap control functions. } 
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{ GP~$SET_BITMAP establishes the current bitmap for subsequent 
operations. } 

PROCEOORE gpr_$set_bitmap ( 
IN bitmap: gpr_$bitmap_desc_t; { the given bitmap } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$INO-BITMAP returns a descriptor of the current bitmap. } 

POOCEDURE gpr_$il'XLbitmap ( 
OUT bitmap: gpr_$bitmap~desc_t; { the current bitmap } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$ALLOCATE_BITMAP allocates a bitmap in main memory. } 

PROCEDURE gpr_$allocate_bitmap ( 
IN size: gpr_$offset_t; { sizes in bits for x and y } 
IN hi-plane: gpr_$plane_t; { highest plane number bitmap is 

to have} 
IN attr: gpr_$attribute_desc_t;{ attributes it is to have} 
OUT bitmap: gpr_$bitmap_desc_t; { the bitmap returned } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GP~$ALLOCATE_BI']}JJAP_NC allocates a bitmap in main memory without 
zeroing it. } 

PROCEDURE gpr_$allocate_bitmap_nc ( 
IN size: gpr_$offset_t; { sizes in bits for x and y } 
IN hi-plane: gpr_$plane_ti { highest plane number bitmap 

is to have } 
IN attr: gpr_$attribute_desc_t; { attributes it is to have } 
OUT bitmap: gpr_$bitmap_desc_ti { the bitmap returned } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$ALLOCATE_HIl-i_BITMAP allocates a bitmap in hidden-'-:display memory. } 

PROCEDURE gpr_$allocate_hdm_bitmap ( 
IN size: gpr_$offset_ti { sizes in bits for x and y } 
IN hi-plane: gpr_$plane_ti { highest plane number bitmap is 

to have} 
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IN attr: gpr_$attribute_desc_t; { attributes it is to have } 
OUT bitmap: gpr_$bitmap_desc_t; { the bitmap returned } 
OUT status: status_$t { returned status } 

); EXTERJ.~; 

{ GPR_$OPEN_BITMAP_FILE obtains access to an external bitmap } 

PROCEDURE gpr_$open_bitmap_file 
IN access 
IN filename 

IN namesize 
IN OUT version 
IN OUT size 
IN OUT groups 
IN OOT 9-headers 
IN attribs 

OUT bitmap 

OUT created 

OUT status 
) ;EXTERN; 

gpr_$access_rnode_t; 
UNIV name_$pname_t; 

integer; 
gpr_$version_t; 
gpr_$offset_t; 
integer; 

{ pathname of bitmap 
file} 

{ length of file name } 

{ x,y size of bitmap } 

gpr_$bmf_group_header_array_t; 
gpr_$attribute_desc_t;{ attributes bitmap is 

boolean; 

status_$t 

to have} 
{ returned bitmap 

descriptor } 
{ TRUE if GPR created 

the file } 

{ GPR_$DEALLOCATE_BITMAP deallocates a bitmap allocated by 
ALLOCATE_BITMAP. } 

PROCEDURE gpr_$deallocate_bi tmap ( 
IN bitmap: gpr_$bitmap_desc_t; {the bitmap to kill } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$INO-BITMAP_FOINTER returns a pointer to the storage/display memory 
for the given bitmap and the number of words each scan line occupies. 
This information can be used to directly manipulate the bits in the bitmap. } 

PROCEDURE gpr_$im-bitrnap-POinter ( 
IN bitmap: gpr_$bitmap_desc_t; { the given bitmap } 
OUT storage-Ptr: univ-Ptr; {the address of storage} 
OUT line_width: integer; { number of l6-bi t words per line } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$INO-BM_BIT_OFFSET returns the number of bits in the most significant 
part of the first word of each scanline which are not part of the 
given bitmap. In other words, the offset is the number of bits between 
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a 16-bit word boundary and the left edge of the bitmap. 
Currently, this number can only be nonzero for direct graphics bitmaps. } 

PROCEDURE gpr_$iDLbm_bit_offset ( 
IN bitmap: gpr_$bitmap_desc_t; { the given bitmap} 
OUT bit_offset: integer; {in the range 0 to 15 } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$SELECI'_COLOR_FRAME selects whether frame 0 (top 1024 lines) or 
frame 1 (bottom 1024 lines) is visible. Normally frame 0 is visible. } 

PROCEDURE gpr_$select_color_frame ( 
IN frame: integer; 
OUT status: status_$t 

); EXTERN; 

{ 0 or 1 } 
{ returned status } 

{ GPR_$REMAP_COLOILMEIDRY sets the plane of frame 0 of color display memory 
(normally visible) which is rrap~d at the address returned by 
IN2..BI'lMAP_OOINTER. } 

PROCEDURE gpr_$remap_color_memory ( 
IN plane: gpr_$plane_t; 
OUT status: status_$t 

); EXTERN; 

{ plane for access thru storage-Ptr } 
{ returned status } 

{ GPR_$REMAP_COLOR_MEMORY_l sets the plane of framel of color display 
memory (normally hidden) which is napped at the address returned by 
IN2..BI'lMAP_OOINTER. } 

PROCEDURE gpr_$remap_color_memory_l ( 
IN plane: gpr_$plane_t; 
OUT status: status_$t 

); EXTERN; 

{ plane for access thru storage-Ptr } 
{ returned status } 

{ GPR_$COLOR_ZOOM sets the zoom scale factors for the color display. } 

PR(XE)URE gpr_$color_zoom ( 
IN x, y: integer; 
OUT status: status_ $t 

); EXTERN; 

{ 1 to 16 } 
{ returned status } 

{ GPIL$ENABL~DIRECI'_ACCESS waits for display hardware to finish current 
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operations so that the user can access display memory directly. } 

PROCEDURE gpr_$enable_direct_access 
OUT status: status_$t 

); EXTERN; 
{ returned status } 

{ GPR_$SET_BITMAP-DIMENSIONS changes the size and number of planes 
of the given bitmap. } 

PROCEOORE gpr_$set_bitmap_dimensions ( 
IN bitmap: gpr_$bitmap_desc_t; { the given bitmap } 
IN size: gpr_$offset_t; { new sizes in bits for x and y } 
IN hi-plane: gpr_$plane_t; { new highest plane number for 

bitmap } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$INLBI'D1AP_DIMENSIONS returns the size and number of planes 
of the given bitmap. } 

PROCEDURE gpr_$inLbitmap_dimensions ( 
IN bitmap: gpr_$bitmap_desc_t; { the given bitmap } 
OUT size: gpr_$offset_t; { sizes in bits for x and y } 
OUT hi-plane: gpr_$plane_t; { highest plane number bitmap has } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$ALLOCATE_ATl'RIBUrrE_BLOCK allocates an attribute block, 
ini tialized to default settings. } 

PROCEDURE gpr_$allocate_attribute_block ( 
OOT attrib: gpr_$attribute_desc_t; { new attribute block } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$DEALLOCATE_ATI'RIBUrrE_BLOCK deallocates an attribute block allocated 
by ALLOCATE_A'lTRIBUTE_BLOCK. } 

PROCEOORE gpr_$deallocate_attribute_block ( 
IN attrib: gpr_$attribute_desc_t; { attribute block to be 

deleted } 
OUT status: status_$t { returned status } 

); EXTERN; 
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{ GPR_$SET_ATTRIBUTE_BLOCK establishes the given attributes as the attributes 
of the current bitmap. } 

PROCEDURE gpr_$set_attribute_block ( 
IN attrib: gpr_$attribute_desc_t; { new current attribute 

block } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GP~$ATTRIBUTE_BLOCK returns as the function value a descriptor of 
the attributes of the given bitmap. } 

FUNCl'ION 

%eject; 

gpr_$attribute_block ( 
IN bitmap: gpr_$bitrnap_desc_t; { the bit:nap with the 

attributes wanted } 
OUT status: status~$t 

): gpr_$attribute_desc_t; EXTERN; 

{ set and inquire operations for bitmap attributes. } 

{ GPR_$SET_attribute sets an attribute in the current bitmap. 
The list of calls follows. } 

ProcEDURE 

PROCEDURE 

ProcEDURE 

PROCEDURE 

gpr_$set_clip_window ( 
IN window: gpr_$window_t; 
OOT status: status_$t 

); EXTERN; 

gpr_$set_clippinCLactive ( 
IN active: boolean; 
OUT status: status_$t 

); EXTERN; 

gpr_$set_text_font ( 
IN font_id: integer; 
OOT status: status_$t 

); EXTERN; 

gpr_$set_text-fath ( 
IN p:ith: gpr_$direction_t; 
OUT status: status_$t 

); EXTERN; 

PROCEDURE gpr_$set_coordinate_origin ( 

{ new clipping window } 
{ returned status } 

{ false -) off, true -) on } 
{ returned status } 

{ new text font } 
{ returned status } 

{ text p:ith } 
{ returned status } 

IN origin: gpr_$position_t; { new coordinate origin } 
OUT status: status_$t { returned status } 

); EXTERN; 

Appendix B B-12 



PROCEDURE gpr_$set-plane_mask ( 
IN mask: gpr_$mask_t; 
OUT status: status_$t 

); EXTERN; 

PROCEDURE gpr_$set_draw_value ( 

{ new plane mask } 
{ returned status } 

IN val: gpr_$pixel_value_t; { new line-drawing value } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$set_text_value ( 
IN val: gpr_$pixel_value_t;{ new text value} 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$set_text_background_value ( 
IN val: gpr_$pixel_value_t; { new text background value } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$set_fill_value ( 
IN val: gpr_$pixel_value_t; { new fill value } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$set_fill_background_ value ( 
IN val: gpr_$pixel_value_t; { new fill background value } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$set_fill--P=lttem ( 
IN p3.ttern: gpr_$bitmap_desc_t; { bitmap containing tile } 
IN scale: integer; { scale factor for tile } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$set_raster_op ( 
IN plane: gpr_$plane_t; 
IN op:·· gpr_$raster_op_t; 
OUT status: status_$t 

{ plane for new raster op } 
{ new raster op } 
{ returned status } 

); EXTERN; 

PROCEDURE gpr_$set_linestyle ( 
IN style: gpr_$linestyle_ti { new line style } 
IN scale: integer; { scale factor for dashes } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$set_line--P=lttern ( 
IN repeat_count: integer; {scale factor } 
IN p3.ttern: gpr_$line--PCittern_t; 
IN length: integer; { number of pattern bits } 
OUT status: status_$t { returned status } 
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PROCEOORE 

PROCEOORE 

PROCEDURE 

); EXTERN; 

gpr_$set_character_width ( 
IN font_id: integer; 
IN character: char; 
IN width: integer; 
OUT status: status_$t 

); EXTERN; 

gpr_$set_horizontal_spacing 
IN font_id: integer; 
IN horizontal_spacing: 
OUT status: status_$t 

); EXTERN; 

gpr_$set_space_size ( 
IN font_id: integer; 
IN space_size: integer; 
OUT status: status_$t 

); EXTERN; 

{ font_id } 
{ character to modi~ } 
{ new width } 
{ returned status } 

{ font_id } 
integer; { new horiz-spacing } 

{ returned status } 

{ font_id } 
{ new space-size } 
{ returned status } 

{ GPR_$INO-attributes returns the current settings of a group 
of attributes for the current bitmap. } 

POOCEDURE 

PROCEOORE 

gpr_$i~constraints ( 
OUT window: gpr_$window_t; 
OUT active: boolean; 
OUT mask: gpr_ $mask_ t; 
OUT status: status_$t 

); EXTERN; 

gpr_$i~text ( 
OUT font_id: integer; 
OUT p:tth: gpr_$direction_t; 
OUT status: status_$t 

); EXTERN; 

{ clipping window } 
{ whether clipping is active } 
{ plane mask } 
{ returned status } 

{ font id } 
{ text p:l th } 
{ returned status } 

PROCEOORE gpr_$i~text--Pith ( 
OOT p:tth: gpr_$direction_t; { text p:lth } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEOORE gpr_$i~coordinate_origin ( 
OUT origin: gpr_$position_t; { the coordinate origin } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEOORE gpr_$in:;Ldraw_value ( 
OUT val: gpr_$pixel_value_t; { line-drawing value } 
OUT status: status_$t { returned status } 

); EXTERN; 
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PROCEDURE gpr_$iJ"XLtext_values ( 
OUT tval: gpr_$pixel_value_t; { text value } 
OUT bval: gpr_$pixel_value_t; { text background value } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$iIlCLfill_value ( 
OUT val: gpr_$pixel_value_t; { fill value } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$iIlCLfill_background_value ( 
OUT val: gpr_$pixel_value_t; { new fill background value } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$iJ"XLfill---PCittern ( 
OUT pattern: gpr_$bitmap_desc_t; { bitmap containing tile } 
OUT scale: integer; { scale factor for tile } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$iIlCLraster_ops ( 
OUT ops: gpr_$raster_op_array_t; { raster ops for all 

planes } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$iIlCLlinestyle ( 
OUT style: gpr_$linestyle_t; { line style } 
OUT scale: integer; { scale factor for dashes } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$iI1CLline~ttern ( \ 
OUT repeat_count: integer; {scale factor } 
OUT pattern: gpr_$line---PCittern_t; 
OUT length: integer; { number of pattern bits } 
OUT status: status_$t { returned status } 

); EXTERN; 

PROCEDURE gpr_$iIlCLcharacter_width ( 
IN font_id: integer; 
IN character: char; 
OUT width: integer; 
OUT status: status_$t 

); EXTERN; 

PROCEDURE gpr_$iIlCLhorizontal_spacing 

{ font id} 
{ specified character } 
{ width of character } 
{ returned status } 

IN font_id: integer; { font id} 
OUT horizontal_spacing: integer; { horiz spacing } 
OUT status: status_$t { returned status } 

); EXTERN; 
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PROCEDURE gpr_$i~space_size ( 

%eject; 

IN font_id: integer; 
OUT space_size: integer; 
OUT status: status_$t 

) i EXTERN; 

{ font id} 
{ space size } 
{ returned status } 

{ Drawing operations. } 

{ GPR_$loDVE sets the CP to the given position. } 

PROCEDURE gpr_$move ( 
IN x, y: gpr_$coordinate_t; { where to go } 
OUT status: status_$t { returned status } 

) i EXTERN; 

{ GPR_$INO-CP returns the current position. } 

PROCEDURE gpr_$i~cp ( 
OUT x, y: gpr_$coordinate_t; { x and y of current IX>sition } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$LINE draws a line from the CP to the given IX>sition 
and sets the CP to the given IX>sition. } 

pROCEDUIfu gpr_$line ( 
IN x, y: gpr_$coordinate_t; { where to draw line to } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$POLYLINE does a series of LINEs, starting from the CP. } 

PROCEDURE gpr_$polyline ( 
IN x, y: UNIV gpr_$coordinate_array_t; { the list of 

endpoints } 
IN npoints: integer; 
OOT status: status_$t 

); EXTERN; 

{ how many } 
{ returned status } 

{ GPR_$MULTILINE does a series of alternate IDVEs and LINEs. } 

POOCEDURE gpr_$multiline ( 
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IN x, y: UNIV gpr_$coordinate_array_t; { the list of 
endpoints } 

IN npoints: integer; 
OUT status: status_$t 

); EXTERN; 

{ GPR_$DRAW_BOX draws a rectangular box } 

PROCEDURE gpr_$draw_box ( 

{ how many } 
{ returned status } 

IN xl,y1,x2,y2 : gpr_$coordinate_t; { corners } 
OUT status : status_$t { returned status } 

); EXTERN; 

{ GPR_$ARC_3P draw an arc from current point through two points p2 and p3. } 

PROCEOORE gpr_$arc_3p ( 
IN p2: gpr_$position_t; 
IN p3: gpr_$position_t; 
OUT status: status_$t 

{ second IX>int on the arc } 
{ third point on the arc } 
{ returned status } 

); EXTERN; 

{ GP~$CIRCLE draws a circle of radius around point center. } 

PROCEDURE gpr_$circ1e ( 
IN center: gpr_$IX>sition_t;{ center of circle} 
IN radius: integer; { radius of circle } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$CIRCLE_FILLED draws a filled circle of radius around IX>int center. } 

PROCEDURE gpr_$circle_filled ( 
IN center: gpr_$position_t;{ center of circle} 
IN radius: integer; { radius of circle } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$SPLINE_CUBIC_P draws a parametric cubic spline through the 
control points. } 

PROCEDURE gpr_$spline_cubic-p ( 
IN x, y: UNIV gpr_$coordinate_array_t; { list of control 

points } 
IN npoints: integer; { number of IX>ints } 
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OUT status: status_$t 
); EXTERN; 

{ returned status } 

{ GPR_$SPLINE_CUBIC_X draws a cubic spline as a function of x through the 
control points. } 

PROCEDURE gpr_$spline_cubic_x ( 
IN x, y: UNIV gpr_$coordinate_array_t; { list of control 

points } 
IN npoints: integer; { number of points } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GP~$SPLINE_CUBIC_Y draws a cubic spline as a function of y through 
the control points. } 

PROCEDURE gpr_$spline_cubic-y ( 
IN x, y: UNIV gpr_$coordinate_array_t; { list of control 

points } 
IN npoints: integer; { number of points } 
OUT status: status_$t { returned status } 

); EXTERN; 
%eject; 
{ Text o~rations. } 

{ GP~$LOAD_FONT_FILE loads a font contained in a file into an appro­
priate area (based on the current display mode and configuration). } 

PK>CEDURE gpr_$load_font_file ( 
IN pn: UNIV name_$pname_t; 
IN pnlen: integer; 
OUT font_id: integer; 
OUT status: status_$t 

); EXTERN; 

{ pathname of file} 
{ pathname length } 
{ returned font id } 
{ returned status } 

{ GPR_$UNLOAD_FONT_FILE mlcads a font that has been loaded by 
IDAD_FONT_FILE. } 

PIDCEDURE gpr_$unlcad_font_file ( 
IN font_id: integer; 
OUT status: status_$t 

); EXTERN; 
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{ GPR_$TEXT writes text to a bitmap from the current position ("CP"). } 

gpr_$text ( 
IN str: UNIV gpr_$strin9-t; 
IN strl: integer; { 

{ the string to write } 
how long it is } 

OUT status: status_$t { returned status } 
); EXTERN; 

{ GPR_$INO-TEXT_EXTENT returns the x- and y-offsets the given string 
would spill if written with TEXT. } 

PROCEDURE gpr_$i~text_extent ( 
IN str: UNIV gpr_$str in9-t; 

IN strl: integer; 
OUT size: gpr_$offset_t; 
OUT status: status_$t 

); EXTERN; 

{ the string to be 
about } 

{ how long it is } 
{ how big it would be } 
{ returned status } 

inquired 

{ GPR_$INO-TEXT_OFFSET returns the x- and y-offsets that must be added 
to the coordinates of the desired upper left pixel of the string to 
give the pixel from which the TEXT call should be made, and the 
x- or y-offset of the pixel which would be the updated CP. } 

PROCEDURE gpr_$iOLtext_offset ( 
IN str: UNIV gpr_$strin9-t; 

IN strl: integer; 
OUT start: gpr_$offset_t; 

OUT xy_end: integer; 

OUT status: status_$t 
); EXTERN; 

{ the string to be inquired 
about } 

{ how long it is } 
{ where it would start relative 

to upper left pixel of string } 
{ where next write would start 

relative to same in x or y} 
{ returned status } 

{ GPR_$REPLICATE_FONT creates and loads a read/write copy of the original 
font. } 

PROCEDURE 

%eject; 

gpr_$replicate_font ( 
IN font_id: integer; 
OUT repl_font_id: integer; 
OUT status: status_$t 

); EXTERN; 

{ Data transfer operations. } 
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{ returned status } 
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{ GPR_$CLEAR clears the current bitmap to a given pixel value. } 

PROCEDURE gpr_$clear ( 
IN val: gpr_$pixel_value_t; { value to set whole bitmap to } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPIL$READ_PIXELS reads the pixels from the given window of the current 
bi tmap and stores them in a pixel array. } 

PROCEDURE gpr_$read-pixels ( 
IN src_w: gpr_$window_t; {the source window } 
OUT pix: UNN gpr_$pixel_array_t; { the pixel array } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$WRITE_PIXELS writes the pixels from a pixel array into the given 
window of the current bitmap. } 

PROCEDURE gpr_$write-pixels ( 
IN pix: UNN -gpr_$pixel_array_ti { the pixel array } 
IN dst_w: gpr_$window_ti {the destination window } 
OUT status: status_$t { returned status } 

); EXTERN; 
%eject; 
{ BLT operations. } 

{ GPR_$PIXEL-BLT moves a rectangle of whole pixels from the source 
bitmap toa position in the current bitmap. } 

PROCEDURE gpr_$pixel_blt ( 
IN src_b: gpr_$bitmap_desc_t; { the source bibnap } 
IN src_w: gpr_$window_ti {the source window } 
IN dst_o: gpr_$position_t; { the destination origin 

(in current bitmap) } 
OUT status: status_$t { returned status } 

) i EXTERN; 

{ GPR_$BIT_BLT moves a rectangle of bits from a plane of the source 
bitmap to a position in a plane of the current bitmap. } 

PROCEDURE gpr_$bit_blt ( 
IN src_b: gpr_$bitmap_desc_ti { the source bitmap } 
IN src w: gpr_$window_ti {the source window } 
IN src-p: gpr_$plane_ti { the source plane } 
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IN dst_o: gpr_$position_t; { the destination origin } 
IN dst-p: gpr_$plane_t; { the destination plane} 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$ADDITIVE_BLT moves a rectangle of bits from a plane of the source 
bitmap to a position in eve~ plane of the current bitmap. } 

PROCEDURE gpr_$additive_blt ( 
IN src_b: gpr_$bitmap_desc_t; { the source bitnap } 
IN src_w: gpr_$window_t; {the source window } 
IN src-p: gpr_$plane_t; { the source plane } 
IN dst_o: gpr_$position_t; { the destination origin } 
OUT status: status_$t { returned status } 

); EXTERN; 
%eject; 
{ Fill operations. } 

{ GPR_$RECI'ANGLE fills a rectangle in the current bitmap. } 

PROCEDURE gpr_$rectangle ( 
IN rect: gpr_$window_ti 
OUT status: status_$t 

{ the rectangle to fill } 
{ returned status } 

); EXTERN; 

{ GPR_$TRAPEZOID fills a trapezoid in the current bitmap. } 

PROCEDURE gpr_$trapezoid ( 
IN trap: gpr_$trap_t; 
OUT status: status_$t 

{ the trapezoid to fill } 
{ returned status } 

); EXTERN; 

{ GPR_$MULTiTRAPEZOID fills a list of trapezoids in the current bitmap. } 

PIDCEDURE gpr_$mul ti trapezoid ( 
IN t_list: UNIV gpr_$trap_Iist_t; {the trapezoids to fill } 
IN n_traps: integer; { how many } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$TRIANGLE fills a triangle in the current bitmap. } 

PROCEDURE gpr_$tr iangle ( 
IN pI, p2, p3: gpr_$position_ti {vertices of the triangle} 
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OUT status: status_$t 
); EXTERN; 

{ returned status } 

{ GPIL$START_R;ON starts a polygon boundary loop. } 

PROCEDURE gpr_$start-P9on ( 
IN x, y: gpr_$coordinate_t; { the first point in the loop } 
OUT status: status_$t { returned status } 

); EXTERN; 

{ GPR_$PGCN_roLYLINE defines a series of line segments as part of 
the current polygon boundary loop. } 

PROCEDURE gpr_$pgon-POlyline ( 
IN x, y: UNIV gpr_$coordinate_array_t; { the list of 

endpoints } 
IN npoints: integer; 
OUT status: status_$t 

); EXTERN; 

{ how many } 
{ returned status } 

{ GPR_$CLOSE_FIIL_:ffiON closes and fills the currently open polygon. } 

PROCEDURE gpr_ $close_f ill-J?gon ( 
OUT status: status_$t 

); EXTERN; 
{ returned status } 

{ GPR_$CLOSE_RETURN_R;ON closes the currently open polygon, 
decomposes it, and returns the list of trapezoids. } 

PROCEDURE gpr_$close_return-P90n ( 
IN list_size: integer; { how many trapezoids t_Iist 

can hold } 
OUT t_Iist: UNIV gpr_$trap_Iist_t; {the trapezoid list } 
OUT n_traps: integer; { how many trapezoids in the 

whole decomposition } 
OUT status: status_$t { returned status } 

); EXTERN; 
%eject; 
{ Direct graphics calls. } 

{ GPR_$SET_ACXLTIME_OUT sets the a<Xjuire timeout for a display in 
direct mode. } 
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PROCEDURE gpr_$set_a~time_out( 
IN time_out : time_$clock_t; { expected maxtime that window 

will be in use } 
OUT sts : status_$t { returned status } 

); EXTERN; 

{ GPR_SET_OBSCURED_OPT sets obscured window behavior for acquiring a 
display in direct mode. } 

PROCEDURE gpr_$set_obscured_opt( 
IN if_obscured: gpr_$obscured_opt_t; { one of four options} 
OUT sts: status_$t { returned status } 

); EXTERN; 

{ GPR_$AOQUIRE_DISPLAY gives the user exclusive access to all display 
operations in the acquired window, returning whether window was tmobscured. } 

FUNCTION gpr_$acquire_display( 
OUT sts: status_$t {returned status } 

): boolean; EXTERN; 

{ GPR_$I~VIS~IST returns list of visible subwindows when a window is 
obscured. } 

PROCEDURE gpr_$i~vis_Iist( 
IN slots_avail: integer; { number of subwin to return} 
OUT slots_total: integer; {number of subwin that exist } 
OUT vis_list: UNIV gpr_$window_Iist_t; { list of vis subwindows } 
OUT sts: status_$t { returned status } 

); EXTERN; 

{ GPR_$FORCE_RELEASE releases the display regardless of how many tines it 
was previously acquired. } 

PROCEDURE gpr_$force_release( 
OUT a~rel_cnt: integer; 

OUT sts: status_$t 
); EXTERN; 

{ number of times window was 
acquired } 

{ returned status } 

{ GPR_$RELEASE_DISPLAY decrements the display-acquired count. } 

PROCEDURE gpr_$release_display( 
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OUT sts: status_$t 
); EXTERN; 

{ returned status } 

{ GPR_$SET_REFRES~ENTRY provides two procedures which will refresh the 
window and refresh hidden display memory. } 

PROCEDURE gpr_$set_refresh_entry( 
IN rwin-proc: gpr_$rwin....pr_t; { entry point for refreshing 

window } 
{ entry point for hidden 

display rrernory } 
OUT sts: status_$t 

); EXTERN; 
{ returned status } 

{ GPR_$SET_AUTO_REFRESH tells the display mangager whether to save 
window I s contents and ref resh screen ,when needed. } 

PROCEDURE gpr_$set_auto_refresh( 

%eject; 

IN auto_refresh: boolean; 
OUT sts: status_$t 

); EXTERN; 

{ on or off } 
{ returned status } 

{ Input calls. } 

{ GPR_$EVENT_WAIT waits for input or timeout; returns boolean to indicate 
unobscured window. } 

FUNcrION gpr_$event_wai t ( 
OUT event_t~: gpr_$event_t; { type of event that occurred } 
OUT event_data: char; { char associated with the event} 
OUT pos: gpr_$position_t; { x and y position} 
OUT sts: status_$t { returned status } 

): boolean; EXTERN; 

{ GPR_$COND_EVENT_WAIT is like GPlL$E.VENT_WAIT but returns irrmediately. } 

FUNCI'ION gpr_$cond_event_wai t ( 
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OUT event_ty};:e: gpr_$event_t; 
OUT event_data: char; 
OUT pos: gpr_$position_t; 
OUT sts: status_$t 

): boolean; EXTERN; 
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{ GPR_$ENABLE_INPUT enables the given event tYJ;e and set of keys to be 
recognized by event wait calls. } 

PROCEDURE gpr_$enable_input( 
IN event_tyt:e: gpr_$event_t; { specified event tyt:e } 
IN key_set: gpr_$keyset_t; {set of char } 
OUT sts: status_$t { returned status } 

); EXTERN; 

{ GPR_$DISABLE_INPUT disables the given event tYJ;e. } 

PROCEDURE gpr_$disable_input ( 
IN event_type: gpr_$ever!t_t; { specified event tyt:e to 

disable } 
OUT sts: status_$t { returned status } 

); EXTERN; 

{ GPR_$GET_EC gets the gpr input eventcount. 

PROCEDURE gpr_$get_ec( 
IN gpr_key: gpr_$ec_key_t; 

OUT ec-ptr: ec2_$ptr_t; 
OUT sts: status_$t 

); EXTERN; 

} 

{ specifies which eventcount 
to obtain } 

{ event count address } 
{ returned status } 

{ GPR_$SET_INPUT_SID establishes the stream id for gpr input in frame mode 
if not standard input. } 

PROCEDURE gpr_$set_input_sid ( 
IN sid: stream_$id_t; 
OUT sts: status_$t 

); EXTERN; 

{ stream id of input source } 
{ returned status } 

{ GPR_$SET_WINIXlV_ID sets the character identifying the current displayed 
bitmap for input identification purposes. } 

PROCEDURE gpr_$set_window_id ( 
IN id_char: char; 
OUT sts: status_$t 

); EXTERN; 

{ character to identify window } 
{ returned status } 

{ GPR_$INO-WINDOW_ID returns the character identifying the current displayed 
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bitmap for input identification purposes. } 

PROCEDURE gpr_$in;Lwindow_id ( 
OUT id_char: char; 
OUT sts: status_$t 

{ character to identify window } 
{ returned status } 

); EXTERN; 
%eject; 
{ Imaging format calls. } 

{ GPR_$SET_IMAGING_FORMAT sets the DN600 display format. } 

POOCEDURE gpr_ $set_imagin<.Lforma t ( 
IN format: gpr_$inagin<.Lformat_t; 
OUT status: status_$t 

); EXTERN; 

{ the inaging format } 
{ returned status } 

{ GPR_$INO-IMAGING_FORMAT returns the current DN600 display format. } 

PROCEDURE 

%eject; 
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gpr_$in;Limagin<.Lformat ( 
OUT format: gpr_$inagin<.Lformat_t; 

OUT status: status_$t 
); EXTERN; 
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APPENDIX C 

INSERT FILE FOR C 

This appendix contains the insert file for C. This file includes 
error messages, color values, data types, and data structures. For 
a listing of data types and data structures in a table format, see 
Chapter 9. 

define gpr_$operation_ok OxOOOOOOOO 
define gpr_$not_initialized Ox060l000l 
define gpr_$already_initialized Ox06010002 
define gpr_$wron9-display_hardware Ox060l0003 
define gpr_$illegal_for_frame Ox060l0004 
define gpr_$must_borrow_display Ox06010005 
define gpr_$no_attributes_defined Ox06010006 
define gpr_$no_more_space Ox06010007 
define gpr_$dimension_too_big Ox06010008 
define gpr_$dimension_too_small Ox060l0009 
define gpr_$bad_bitmap Ox0601000A 
define gpr_$bad_attribute_block Ox0601000B 
define gpr_$window_out_of_bounds Ox060l000C 
define gpr_$source_out_of_bounds Ox0601000D 
define gpr_$dest_out_of_bounds Ox060l000E 
define gpr_$invalid-plane Ox060l000F 
define gpr_$cant_deallocate Ox06010010 
define gpr_$coord_out_of_bounds Ox06010011 
define gpr_$invalid_color_map Ox060100l2 
define gpr_$invalid_raster_op Ox06010013 
define gpr_$bitmap_is_read_only Ox06010014 
define gpr_$internal_error Ox06010015 
define gpr_$font_table_full Ox06010016 
define gpr_$bad_font_file Ox060l0017 
define gpr_$invalid_font_id Ox06010018 
define gpr_$window_obscured Ox06010019 
define gpr_$not_in_direct_mode Ox060l001A 
define gpr_$not_in-POlygon Ox060l001B 
define gpr_$kbd_not_aoq Ox0601001C 
define gpr_$display_not_aoq Ox060100lD 
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define gpr_$illegal-pixel_values Ox0601001E 
define gpr_$illegal_when_imaging Ox 0601001F 
define gpr_$invalid_imagin9-for.mat Ox06010020 
define gpr_$must_release_display Ox06010021 
define gpr_$cant_mix_modes Ox06010022 
define gpr_$no_input_enabled Ox06010023 
define gpr_$duplicate-POints Ox06010024 
define gpr_$array_not_sorted Ox06010025 
define gpr_$character_not_in_font Ox06010026 
define gpr_$illegal_fill-fattern Ox06010027 
define gpr_$illegal_fill_scale Ox06010028 
define gpr_$incorrect_alignment Ox06010029 
define gpr_$illegal_text-fath Ox0601002A 
define gpr_$unable_to_rotate_font Ox0601002B 
define gpr_$font_is_read_only Ox0601002C 
define gpr_$illegal-P6ttern_length 16 0601002D 

define gpr_$black 0 
define gpr_$white OxFFFFFF 
define gpr_$red OxFFOOOO 
define gpr_$green OxOOFFOO 
define gpr_$blue OxOOOOFF 
define gpr_$cyan OxOOFFFF 

define gpr_$magenta OxFFOOFF 
define gpr_$yellow OxFFFFOO 

define gpr_$transparent (-1) 

define gpr_$background (-2) 

define gpr_$strin9-size 256 
define gpr_$max_x_size 4096 
define gpr_$max-y_size 4096 
define gpr_$highest-plane 7 
define gpr_$nil_attribute_desc 0 

define gpr_$max_bmf_group 0 
define gpr_$bmf_major_version 1 
define gpr_$bmf_minor_version 1 

/* color value for black */ 
/* color value for white */ 
/* color value for red */ 
/* color value for green */ 
/* color value for blue */ 
/* color value for cyan 

(blue + green) */ 
/* color value for magenta (red + blue) */ 
/* color value for yellow (red + green) * / 

/* pixel value for transparent 
(no change) */ 

/* pixel value for window background */ 

/* number of chars in a gpr string */ 
/* max bits in bitmap x dimension */ 
/* max bits in bitmap y dimension */ 
/* max plane number in a bitmap */ 
/* value of a descriptor of 

nonexistent attributes */ 
/* value of a descriptor of a 

nonexistent bitmap */ 

/* max group in external bit:.naps */ 

typ=def enum { gpr_$keystroke, gpr_$buttons, gpr_$locator, 
gpr_$entered_window, gpr_$left_window, 
gpr_$locator_stop, gpr_$no_event 

} gpr_$event_ti 

/* This is supposed to be SET OF char * / 
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gpr_$pop_if_obs, gpr_$block_if_obs 
} gpr_$obscured_opt_t; 

typedef enum {gpr_$input_ec} gpr_$ec_key_ti 

typedef void (*gpr_$rwin....pr_t) () ; 
typedef void (*gpr_$rhdm-pr_t) () ; 

/* the five ways to use this package * / 
typedef enum { 

gpr_$bor row, 
gpr_$frame, 
gpr_$no_d i splay , 
gpr_$direct, 
gpr_$bor row_nc 

} gpr_$display_mode_ti 

/* possible display hardware configurations */ 
typedef enum { 

gpr_$bw_BOOxl024, 
gpr_$bw_1024xBOO, 
gpr_$oolor_1024xl024x4, 
gpr_$color_1024xl024x8, 
gpr_$RESERVEDx4, 
gpr_$RESERVEDxB 

} gpr_$display_oonfi<.Lt; 

/* imaging vs interactive display formats */ 
typedef enum { 

gpr_$interactive, 
gpr_$imagin<.Ll 024xl024xB, 
gpr_$imagin<.L512x512x24 

} gpr_$imagin<.Lformat_t; 

/* bitmap coordinates */ 
typedef short gpr_$coordinate_t; 

/* lists of bitmap coordinates */ 
typedef gpr_$coordinate_t gpr_$ooordinate_array_t[lO]; 

/* bitmap positions */ 
typedef struct { 

gpr_$coordinate_t x_coord, y_ooord; 
} gpr_$position_t; 

/* bitmap offsets */ 
typedef struct { 

unsigned short x_size, y_size; 
} gpr_$offset_t; 

/* windows on a bitmap */ 
typedef struct { 

gpr_$position_t window_base; 
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gpr_$offset_t window_size; 
} gpr_$window_t; 

typedef gpr_$window_t gpr_$window_list_t [10] ; 

/* horizontal line segments */ 
typedef struct { 

gpr_$coordinate_t x_coord_l, x_coord_r, y_coord; 
} gpr_$horiz_se9-t ; 

/* trapezoids with horizontal bases: defined as 2 horizontal 
line segments, top and bottom */ 

typedef struct { 
gpr_$horiz_se9-t top, bot; 

} gpr_$trap_t; 

/* lists of trapezoids with horizontal bases * / 
typedef gpr_$trap_t gpr_$trap_list_t[lO]; 

/* graphics primitive strings */ 
typedef char gpr_$strin9-t[gpr_$strin9-size]; 

/* bitmap plane numbers */ 
typedef unsigned short gpr_$plane_t; 

/* bitmap plane masks (bit vector) */ 
typedef short gpr_$mask_t; 

/* color values */ 
typedef linteger gpr_$color_t; 

/* pixel values */ 
typedef linteger gpr_$pixel_value_t; 

/* arrays of color values * / 
typedef gpr_$color_t gpr_$color_vector_t [256] ; 

/* arrays of pixel values */ 
typedef gpr_$pixel_value_t gpr_$pixel_array_t[13l073]; 

/* raster operation opcodes */ 
typedef unsigned short gpr_$raster_op_t; 

/* arrays of raster operation opcodes */ 
typedef gpr_$raster_op_t gpr_$raster_op_array_t[8]; 

/* scalar type for directions */ 
typedef enum {gpr_$up, gpr_$down, gpr_$left, gpr_$right} gpr_$direction_t; 

/* line drawing styles */ 
typedef enum {gpr_$solid, gpr_$dotted} gpr_$linestyle_t; 

typedef short gpr_$line-fetter~t[4]; 
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/* attribute block descriptors */ 
typedef linteger gpr_$attribute_desc_t; 

/* bitmap descriptors */ 
typedef linteger gpr_$bitmap_desc_t; 

typedef struct { 
unsigned short major,minor; 

} gpr_$version_t; 

typedef struct { 
unsigned short n_sects; 
unsigned short pixel_size; 
unsigned short allocated_size; 
unsigned short bytes-fer_line; 
1 integer bytes-fer_sect; 
integer *storage_offset; 

} gpr_$bmf_group_header_t; 

typedef gpr_$brnf_group_header_t gpr_$bmf_group_header_array_t 
[gpr_$rna~bmf_group+l]; 

typedef enum {gpr_$create,gpr_$update, gpr_$write, gpr_$readonly} 
gpr_$access_mode_t; 
eject 

/* Initialization and termination. */ 

/* GPR_$INIT initializes the graphics primitive };ackage. */ 

std_$call void gpr_$init (); 

/* GPR_$TERMINATE terminates this };ackage's operation. */ 

std_$call void gpr_$terminate 0; 
eject 

/* Set and inquire o~rations for the display. * / 

/* GPR_$I~CONFIG returns the current display configuration. */ 

/* GPR_$SET_COLOILMAP gives new values for the color map. * / 
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/* GPR_$IN:LCDLOILMAP returns current values in the color nap. * / 

std_$call void gpr_$iIXL-color_rnap (); 

/* GPR_$SET_CURSOR_PATrERN loads a cursor p:ittern. */ 

std_$call void gpr_$set_cursor--J?attern 0; 

/* GPR_$SET_aJRSOR_ACTIVE s~cifies whether the cursor should be 
on or off. */ 

std_$call void gpr_$set_cursor_active (); 

/* GP1L$SET_CURS01LEOSITION gives the };X>sition at which the cursor is 
to be displayed, in the current bitmap. */ 

std_$call void gpr_$set_cursor-POsition (); 

/* GPR_$SET_ORIGIN gives the cursor-relative psoition of its pixel 
which is to be placed at the cursor };X>sition. */ 

std_$call void gpr_$set_cursor_origin 0; 

/* GPR_$IN:LCURSOR returns information about the cursor. */ 

/* GPR_$WAIT_FRAME causes the color display hardware to defer processing 
further requests until the r¥:xt end-of-frame. */ 

std_$call void gpr_$wait_frame 0; 
eject 

/* Bitmap control functions. */ 

/* GPR_$SET_BITMAP establishes the current bitmap for subsequent 
ope rations. * / 
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std_$call void gpr_$set_bitmap (); 

/* GPR_$INO-BITMAP returns a descriptor of the current bitmap. */ 

/* GPR_$ALLOCATE_BI'IMAP allocates a bitmap in main nemory. */ 

std_$call void gpr_$allocate_bitmap (); 

/* GPR_$ALLOCATE_BITMAP_NC allocates a bitmap in main memory without 
zeroing it. */ 

/* GPR_$ALLOCATE_HIle1_BITMAP allocates a bitmap in hidden_display memory. */ 

std_$call void gpr_$allocate_hdm_bitmap 0; 

/* GPR_$OPEN_BI'rnAP_FILE obtains access to an external bitnap */ 

std_$call void gpr_$open_bitmap_file 0; 

/* GPR_$DEALLOCATE_BITMAP deallocates a bitmap allocated by ALLOCATE_BI'lMAP. */ 

std_$call void gpr_$deallocate_bitmap 0; 

/* GPR_$INO-BITMAP_POINTER returns a pointer to the storage/display memory 
for the given bitmap and the number of words each scan line occupies. 
This information can be used to directly manipulate the bits in the bitmap. */ 

std_$call void gpr_$i~bitmap-POinter (); 

/* GPR_$INO-BM_BIT_OFFSET returns the number of bits in the most significant 
part of the first word of each scanline which are not part of the given 
bitmap. In other words, the offset is the number of bits between a l6-bit 
word boundary and the left edge of the bitmap. 
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Currently, this number can only be nonzero for direct graphics bitmaps. */ 

/* GPR_$SELECI'_<DLOR_FRAME selects whether frame 0 (top 1024 lines) or 
frame 1 (bottom 1024 lines) is visible. Normally frame 0 is visible. */ 

std_$call void gpr_$select_color_frame 0; 

/* GPR_$Ra.1AP_OOLOR_MEMJRY sets the plane of frame 0 of color display memory 
(normally visible) which is mapped at the address returned b¥ 
INCLBrIMAP_OOINTER. * / 

std_$call void gpr_$remap_color_memory (); 

/* GPR_$REMAP_OOLOR_MEmRY_l sets the plane of frame 1 of color display 
nemory (normally hidden) which is mapped at the address returned by 
INCLBI'lMAP_IDINTER. */ 

/* GPR_$OOLOR_ZOOM sets the zoom scale factors for the color display. * / 

std_$call void gpr_$color_zoom (); 

/* GPR_$ENABLE_DlRECI'_ACCESS waits for display hardware to finish current 
operations so that the user can access display nemory directly. */ 

/* GP~$SET_BITMAP_DlMENSIONS changes the size and number of planes 
of the given bitmap. */ 

std_$call void gpr_$set_bitmap_dimensions (); 

/* GPR_$INO-BITMAP_DlMENSIONS returns the size and number of planes 
of the given bitmap. */ 

std_$call void gpr_$i~bitmap_dimensions (); 
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/* GPR_$ALLOCATE_A':rI'RIBUTE_BLOCK allocates an attribute block, 
initialized to default settings. */ 

std_$call void gpr_$allocate_attribute_block ()i 

/* GPR_$DEALLOCATE_ATrRIBU'lE_BLOCK deallocates an attribute block allocated 
by ALLOCATE_ATrRIBU'IE_BLOCK. * / 

std_$call void gpr_$deallocate_attribute_block ()i 

/* GPR_$SET_ATrRIBUTE_BLOCK establishes the given attributes as the 
attributes of the current bitmap. */ 

std_$call.void gpr_$set_attribute_block ()i 

/* GPR_$ATTRIBU'IE_BLOCK returns as the function value a descriptor' of 
the attributes of the given bitmap. */ 

std_$call gpr_$attribute_desc_t gpr_$attribute_block 0 i 
eject 

/* set and inquire operations for bitmap attributes. */ 

/* GPR_$SET_attribute sets an attribute in the current bitmap. 
The list of calls follCMs. */ 

std_$call void gpr_$set_clip_window () i 

std_$call void gpr_$set_clippin9-active ()i 

std_$call void gpr_$set_text_font 0 i 

std_$call void gpr_$set_text..,J?ath 0 i 

std_$call void gpr_$set_coordinate_origin 0 i 

std_$call void gpr_$set-plane_ITask () i 

std_$call void gpr_$set_draw_value 0 i 

std_$call void gpr_$set_text_value ()i 

std_$call void gpr_$set_text_background_value () i 
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std_$call void gpr_$set_fill_value (); 

std_$call void gpr_$set_fill_background_value (); 

std_$call void gpr_$set_fill--PCittern 0; 

std_$call void gpr_$set_raster_op (); 

std_$call void gpr_$set_linestyle 0 ~ 

std_$call void gpr_$set_line--PCittern ()i 

std_$call void gpr_$set_character_width ()i 

std_$call void gpr_$set_horizontal_spacing (); 

std_$call void gpr_$set_space_size (); 

/* GPR_$INO-attributes returns the current settings of a group 
of attributes for the current bitmap. */ 

std_$call void gpr_$i~oonstraints (); 

std_$call void gpr_$i~text (); 

std_$call void gpr_$i~text--PCith 0; 

std_$call void gpr_$i~ooordinate_origin (); 

std_$call void gpr_$i~draw_value (); 

std_$call void gpr_$i~text_values (); 

std_$call void gpr_$i~fill_value 0; 

std_$call void gpr_$i~fill_background_value (); 

std_$call void gpr_$i~fill-fattern (); 

std_$call void gpr_$i~raster_ops 0; 

std_$call void gpr_$~linestyle (); 

std_$call void gpr_$i~line-fattern (); 

std_$call void gpr_$i~character_width (); 

std_$call void gpr_$i~horizontal_sp:icing (); 

std_$call void gpr_$i~space_size(); 
eject 
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/* Drawing operations. */ 

/* GPR_$KJVE sets the CP to the given position. */ 

std_$call void gpr_$rnove (); 

/* GPR_$INO-CP returns the current position. */ 

/* GPR_$LINE draws a line from the CP to the given position 
and sets the CP to the given position. * / 

std_$call void gpr_$line 0; 

/* GPR_$POLYLlNE does a series of LINEs, starting from the CP. */ 

/* GPR_$MULTILINE does a series of alternate r-DVEs and LINEs. */ 

/* GPR_$DRAW_BOX draws a rectangular box */ 

std_$call void gpr_$draw_box (); 

/* GPR_$ARC_3P draws an arc from current IX>int through two points 
p2 and p3. */ 

std_$call void gpr_$arc_3p (); 

/* GPR_$CIRCLE draws a circle of radius around point center. */ 
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/* GPR_$CIRCLE_FILLED draws a filled circle of radius around point center. */ 

std_$call void gpr_$circle_filled 0; 

/* GPR_$SPLINE_CUBIC_P draws a parametric cubic spline through the 
control points. */ 

std_$call void gpr_$spline_cubic-p (); 

/* GPR_$SPLlNE_CUBIC_X draws a cubic spline as a function of x through 
the control points. */ 

std_$call void gpr_$spline_cubic_x (); 

/* GPR_$SPLINE_CUBIC_Y draws a cubic spline as a function of y through 
the control points. */ 

std_$call void gpr_$spline_cubicJ (); 
eject 

/* Text operations. */ 

/* GPR_$LOAD_FONT_FILE loads a font contained in a file into an appro­
priate area (based on the current display rode and conf iguration) • * / 

/* GPR_$UNLOAD_FONT_FILE unloads a font that has been loaded by 
~_FONT_FILE. */ 

std_$call void gpr_$unload_font_file (); 

/* GPR_$TEXT writes text to a bitmap from the current position ("CP II
). */ 

/* GP~$I~TEXT_EXTENT returns the x- and y-offsets the given string 
would spm if written with TEXT. */ 
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/* GPR_$INO-TEXT_OFFSET returns the x- and y-offsets that must be added to the 
coordinates of the desired upper left pixel of the string to give the pixel 
from which the TEXT call should be made, and the x_offset of the pixel 
which would be the updated CP. */ 

std_$call void gpr_$i~text_offset ()i 

/* GPR_$REPLlCATE_FONT creates and loads a read/write copy of the 
original font. */ 

std_$call void gpr_$replicate_font ()i 
eject 

/* Data transfer operations. */ 

/* GPR_$CLEAR clears the current bitmap to a given pixel value. */ 

std_$call void gpr_$clear ()i 

/* GPR_$READ_PlXELS reads the pixels from the given window of the current 
bitmap and stores them in a pixel array. */ 

/* GPR_$WRITE_PlXELS writes the pixels from a pixel array into the given 
window of the current bitmap. */ 

std_$call void gpr_$write-pixels ()i 
eject 

/* BLT operations. */ 

/* GPR_$PlXEL_BLT moves a rectangle of whole pixels from the source 
bitmap to a position in the current bitmap. */ 

/* GP~$BIT_BLT moves a rectangle of bits from a plane of the source 
bitrrap to a position in a plane of the current bitmap. */ 
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/* GP~$ADDITIVE_BLT moves a rectangle of bits from a plane of the source 
bitrPap to a position in every plane of the current bitrPap. */ 

std_$call void gpr_$additive_blt (); 
eject 

/* Fill operations. */ 

/* GPR_$REcrANGLE fills a rectangle in the current bitrPap. */ 

std_$call void gpr_$rectangle (); 

/* GPR_$T.RAPEZOID fills a trapezoid in the current bitrPap. */ 

std_$call void gpr_$trapezoid (); 

/* GPR_$MULTITRAPEZOID fills a list of trapezoids in the current bitmap. */ 

std_$call void gpr_$multitrapezoid (); 

/* GPR_$TRIANGLE fills a triangle in the current bitmap. */ 

std_$call void gpr_$triangle (); 

/* GPR_$START_PGON starts a polygon boundary loop. */ 

std_$call void gpr_$start-P9on (); 

/* GPR_$PGON_POLYLINE defines a series of line segments as part of 
the current polygon boundary loop. * / 

std_$call void gpr_$pgorL,POlyline 0 i 

/* GPR_$CIDSE_FII.JLPGCN closes and fills the currently open IX>lygon. */ 

std_$call void gpr_$close_fill-P9on ()i 
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/* GPR_$CLOSE_RE'lUmL1?GCN closes the currently open I;X>lygon, 
decomposes it, and returns the list of trapezoids. */ 

std_$call void gpr_$close_return-P90n (); 
eject 

/* direct graphics */ 

/* GPR_SET_OBSCORED_OPT sets obscured selection attribute for display in 
direct mode * / 

std_$call void gpr_$set_obscured_opt(); 

/* GPR_$ACQUlRE_DISPLAY gives the user exclusive access to all display 
operations 

in the acquired window */ 

std_$call boolean gpr_$acquire_display () ; 

/* GPR_$INO-VIS~IST returns list of visible subwindows when a window is 
obscured */ 

/* GPR_$FORCE_RELEASE releases the display regardless of how many times it 
was previously acquired */ 

/* GP~$RELEASE_DISPLAY will release the display only if a~rel_cnt is 1 */ 

std_$call void gpr_$release_display(); 

/* GPR_$SET_REFRESH_ENTRY provides two std_$call voids which will refresh 
the user's window and refresh hidden display memory */ 

/* GPR_$SET_AOTO_REFRESH tells OM to save bitmap and refresh screen 
when needed * / 
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/* GPR_$EVENT_WAIT hangs until input or time out; returns boolean to indicate 
obscured window */ 

/* GPR_$OOND_EVENT_WAIT returns inroediately and reports if any input */ 

std_$call boolean gpr_$cond_event_wait(); 

/* GPR_$ENABLE_INPUT enables event t~ and selected set of keys to be 
recognized by event_wait */ 

/* GPR_$DISABLE_INPUT disables event typ: * / 
std_$call void gpr_$disable_input(); 

/* GPR_$GET_EC gets event count */ 

std_$call void gpr_$get_ec{); 

/* GPIL$SET_INPUT_SID establishes the stream id for gpr input in frame mode 
if not standard input */ 

std_$call void gpr_$set_input_sid(); 

/* GPR_$SET_WINIXlV_ID sets the character identifying the current displayed 
bitmap for input identification purposes */ 

std_$call void gpr_$set_window_id{); 

/* GPIL$INO-WINDOW_ID returns the character identifying the current displayed 
bitmap for input identification purposes */ 

std_$call void gpr_$i~window_id(); 
eject 

/* Imaging format calls */ 

/* GPIL$SET_IMAGING_FORMAT sets the DN600 display format */ 

std_$call void gpr_$set_imagin9-format(); 

/* GPIL$INO-lMAGING_FORMAT returns the current DN600 display format */ 
std_$call void gpr_$i~imagin9-format{); 
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APPENDIX D 

INSERT FILE FOR FORTRAN 

'Ibis appendix contains the insert file for FORTRAN. 

C-Status code definitions: 

integer * 4 
+ gpr_$operation_ok, 
+ gpr_$already_initialized, 
+ gpr_$i11ega1_for_frame, 
+ gpr_$no_attributes_defined, 
+ gpr_$dimension_too_big, 
+ gpr_$bad_bitmap, 
+ gpr_$window_out_of_bounds, 
+ gpr_$dest_out_of_bounds, 
+ gpr_$cant_deal 1 ocate , 
+ gpr_$invalid_co1or_map, 
+ gpr_$bitmap_is_read_only, 
+ gpr_$font_tab1e_ful1, 
+ gpr_$invalid_font_id, 
+ gpr_$not_in_direct_mode, 
+ gpr_$kbd_not_aCXl, 
+ gpr_$i11egal-pixe1_values, 

integer*4 

gpr_$not_initialized, 
gpr_$wron9-disp1ay_hardware, 
gpr_$must_borrow_disp1ay, 
gpr_$no_more_space, 
gpr_$dimension_too_smal1, 
gpr_$bad_attribute_b1ock, 
gpr_$source_out_of_bounds, 
gpr_$invalid-p1ane, 
gpr_$coord_out_of_bounds , 
gpr_$invalid_raster_op, 
gpr_$interna1_error, 
gpr_$bad_font_file, 
gpr_$window_obscured, 
gpr_$not_i~lygon, 
gpr_$disp1ay_not_aCXl, 
gpr_$il1egal_wben_imaging 

+ gpr_$invalid_imagin9-format ,gpr_$must_re1ease_disp1ay, 
+ gpr_$cant_mix_modes, gpr_$no_input_enab1ed, 
+ gpr_$dup1icate-POints, gpr_$ar ray_not_sorted , 
+ gpr_$character_not_i~font, gpr_$il1ega1_fil1-P6ttern, 
+ gpr_$il 1egal_fil1_scale , gpr_$incorrect_alignment, 
+ gpr_$i11ega1_text-fath, gpr_$unab1e_to_rotate_font, 
+ gpr_$font_is_read_only, gpr_$il1egal-f6ttern_1ength 

parameter ( 
+ gpr_$operation_ok = 16 00000000, 
+ gpr_$not_initia1ized = 16 06010001, 
+ gpr_$a1ready_initialized = 16 06010002, 
+ gpr_$wron9-disp1ay_hardware = 16 06010003, 
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+ gpr_$i11egal_for_frame 
+ gpr_$must_borrow_disp1ay 
+ gpr_$no_attributes_defined 
+ gpr_$no_more_space 
+ gpr_$dimension_too_big 
+ gpr_$dimension_too_srnal1 
+ gpr_$bad_bitroap 
+ gpr_$bad_attribute_b1ock 
+ gpr_$window_out_of_bounds 
+ gpr_$source_out_of_bounds 
+ gpr_$dest_out_of_bounds 
+ gpr_$inval id-p1ane 

parameter ( 
+ gpr_$cant_deal1ocate 
+ gpr_$coord_out_of_bounds 
+ gpr_$invalid_co1or_nap 
+ gpr_$invalid_raster_op 
+ gpr_$bibnap_is_read_only 
+ gpr_$interna1_error 
+ gpr_$font_tab1e_ful1 
+ gpr_$bad_font_file 
+ gpr_$invalid_font_id 
+ gpr_$window_obscured 
+ gpr_$not_in_direct_mode 
+ gpr_$not_in-P01ygon 
+ gpr_$kbd_not_acx;{ 
+ gpr_$disp1ay_not_acx;{ 
+ gpr_$il1egal-pixe1_values 
+ gpr_$il1egal_when_imaging 
parameter ( 

= 16 06010004, 
= 16 06010005, 
= 16 06010006, 
= 16 06010007, 
= 16 06010008, 
= 16 06010009, 
= 16 0601000A, 
= 16 0601000B, 
= 16 0601000C, 
= 16 0601000D, 
= 16 0601000E, 
= 16 0601000F) 

= 16 06010010, 
= 16 06010011, 
= 16 06010012, 
= 16 06010013, 
= 16 06010014, 
= 16 06010015, 
= 16 06010016, 
= 16 06010017, 
= 16 06010018, 
= 16 06010019, 
= 16 0601001A, 
= 16 0601001B, 
= 16 0601001C, 
= 16 0601001D, 
= 16 0601001E, 
= 16 0601001F) 

+ gpr_$invalid_imagin~format = 16 06010020, 
+ gpr_$must_re1ease_disp1ay = 16 06010021, 
+ gpr_$cant_rnix_modes = 16 06010022, 
+ gpr_$no_input_enab1ed = 16 06010023, 
+ gpr_$dup1icate-POints = 16 06010024, 
+ gpr_$array_not_sorted = 16 06010025, 
+ gpr_$character_not_in_font = 16 06010026, 
+ gpr_$i11egal_fil1-fattern = 16 06010027, 
+ gpr_$i11egal_fil1_scale = 16 06010028, 
+ gpr_$incorrect_alignment = 16 06010029, 
+ gpr_$il1egal_text-fath = 16 0601002A, 
+ gpr_$unab1e_to_rotate.,:...font = 16 0601002B, 
+ gpr_$font_is_read_only = 16 0601002C, 
+ gpr_$i11egal-fattern_1ength = 16 0601002D) 

C-Other constant definitions: 

integer*2 
+ gpr_$strin9-size, 
+ gpr_$max_x_size, gpr_$max-y_size, 
+ gpr_$highest-p1ane, 
+ gpr_$max_hrnf_group, 
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+ gpr_$brnf_rnajor_version, 
+ gpr_$brnf_rninor_version 

integer*4 
+ gpr_$black, gpr_$white, 
+ gpr_$red, gpr_$green, gpr_$blue, 
+ gpr_$cyan, gpr_$magenta, gpr_$yellow , 
+ gpr_$transparent, gpr_$background, 
+ gpr_$nil_attribute_desc, gpr_$nil_bitmap_desc 

parameter ( 
+ gpr_$strinCLsize = 256, 
+ gpr_$rnax_x_size = 4096, gpr_$rnax-y_size = 4096, 
+ gpr_$highest-plane = 7, 
+ gpr_$rnax_bmf_group = 0, 
+ gpr_$bmf_rnajor_version = 1, 
+ gpr_$bmf_rninor_version = 1) 

parameter ( 
+ gpr_$black = 0, gpr_$white = 16 FFFFFF, 
+ gpr_$red = 16 FFOOOO, 
+ gpr_$green = 16 OOFFOO, 
+ gpr_$blue = 16 OOOOFF, 
+ gpr_$cyan = 16 OOFFFF, 
+ gpr_$roagenta = 16 FFOOFF, 
+ gpr_$yellow = 16 FFFFOO, 
+ gpr_$transparent = -1, gpr_$background = ~2, 
+ gpr_$nil_attribute_desc ~ 0, gpr_$nil_bitrnap_desc = 0) 

C--the five ways to use this package 

integer*2 
+ gpr_$borrow, gpr_$frame, gpr_$no_display, gpr_$direct, 
+ gpr_$borrow_nc 

parameter ( 
+ gpr_$borrow = 0, gpr_$frame = 1, gpr_$no_display = 2, 
+ gpr_$direct = 3, gpr_$borrow_nc = 4) 

C---possible display hardware configurations 

integer*2 
+ gpr_$bw_BOOxl024, gpr_$bw_l024x800, 
+ gpr_$color_l024xl024x4, gpr_$color_l024xl024xB, 
+ gpr_$RESERVEDx4, gpr_$RESERVEDxB 

parameter ( 
+ gpr_$bw_BOOxl024 = 0, gpr_$bw_l024xBOO = 1, 
+ gpr_$color_l024xl024x4 = 2, gpr_$color_l024xl024xB = 3, 
+ gpr_$RESERVEDx4 = 4, gpr_$RESERVEDxB = 5) 

C-imaging vs interactive display formats 

0-3 Ap~ndix D 



integer*2 
+ gpr_$ interactive , 
+ gpr_$imagin9-1024x1024x8, 
+ gpr_$imagin9-S12xS12x24 

parameter ( 
+ gpr_$interactive = 0, 
+ gpr_$imagin9-1024x1024x8 = 1, 
+ gpr_$imagin9-S12xS12x24 = 2) 

C--directions 

integer*2 
+ gpr_$up, gpr_$down, gpr_$left, gpr_$right 

parameter ( 
+ gpr_$up = 0, gpr_$down = 1, gpr_$left = 2, gpr_$right = 3) 

C--1ine styles 

integer*2 
+ gpr_$solid, gpr_$dotted 

parameter ( 
+ gpr_$solid = 0, gpr_$dotted = 1) 

C-event types 

integer*2 
+ gpr_$keystroke, gpr_$buttons, gpr_$locator, 
+ gpr_$entered_window, gpr_$left_window, gpr_$locator_stop, 
+ gpr_$no_event 

parameter ( 
+ gpr_$keystroke = 0, gpr_$buttons = 1, gpr_$locator = 2, 
+ gpr_$entered_window = 3, gpr_$left_window = 4, 
+ gpr_$locator_stop = 5, gpr_$no_event = 6) 

C-obscured options for direct graphics 

integer*2 
+ gpr_$ok_if_obs, gpr_$error_if_obs, gpr_$pop_if_obs, 
+ gpr_$b1ock_if_obs 

parameter ( 
+ gpr_$ok_if_obs = 0, gpr_$error_if_obs = 1, 
+ gpr_$pop_iLobs = 2, gpr_$block_if_obs = 3) 

integer*2 gpr_$create,gpr_$update, gpr_$write, gpr_$readonly 
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parameter ( 
+ gpr_$create = 0, 
+ gpr_$write = 2, 

gpr_$update = 1, 
gpr_$readonly = 3) 

C---function declarations: 

integer*4 
+ gpr_$attribute_block 

logical 
+ gpr_$acquire_display 

logical 
+ gpr_$event_wait 

logical 
+ gpr_$cond_event_wait 
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GIDSSARY 

Attribute 
Specification of the manner in which a prDmitive graphic operation is to 
be performed (for example line type or text value). Each bitmap has a 
set of attributes. 

Bitmap 
A three-dimensional array of bits having width, height, and depth. When 
a vitmap is displayed, it is treated as a two-dimensional array of sets 
of bi ts. 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. 

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

BorrClti display mode 
A mode for use of the OOMAIN display whereby a program l:x>rrows the 
entire screen from the Display Manager and performs graphics operations 
by directly calling the display driver. 

Button 
A logical input device used to provide a choice from a small set of 
al ternatives. '!Wo thysical devices of this type are function keys on a 
keyboard and selection buttons on a mouse. 

Cl. ipping window 
A rectangular section of a b~tmap outside of which graphics operations 
do not modify pixels. 
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Color map 
See Color table. 

Color table 
A set of color table entries, each of which can store one color value. 
Each color value contains red, blue, and green comp:>nents. Each entry 
is accessed I::!i a color table index. 

Color table entry 
One location in a color table. Each entry stores one color value which 
can be accessed I::!i a corresponding color table index. 

Color table index 
An index to a };articular color table entry. 

Color value 
The numeric encoding of a visible color. A color value is stored in a 
color table entry. Each oolor value is divided into three fields: the 
first stores the value of the red comp:>nent of the oolor, the second 
stores the value of the green component of the color, and the third 
stores the value of the blue component. Each comp:>nent value is 
s};ecif ied as an integer in the range zero to 255, where zero is the 
absence of the primary color and 255 is the full intensity color. 

Core gral,ilics system 
A package of graphics functional capabilities designed for building 
higher-level interactive computer graphics appiications programs. 
Unlike graphics primitives, the Core graphics &y'stem allows tanp:>rary 
storage of picture data during execution, with limited segmentation of 
the pictures. In addition, the Core ~stan uses device-independent 
ooordina tes. 

Current bibnap 
The bitmap on which a program is currently o};erating. 

Current position 
In graphics primitives, the starting p:>int of any line drawing and text 
o};erations. The current p:>sition is initially set at the ooordinate 
p:>sition at the top left corner of the bitmap (0,0). 

Direct mode 
A mode for use of the OOMAIN display wherel::!i the program performs 
graphics operations in a window borrowed from the Display Manager. 
Direct mode allows graphics prDgrams to coexist with other activities on 
the screen, with less Display Manager overhead than frame mode. 
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Event 

Font 

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

One set of alfhanumeric and st:ecial characters. '!be font in which text 
is to be displayed may be st:ecified as an attribute. 

Frame 
A two-dimensional data structure that holds a picture in a Display 
Manager p:id. 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. 

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

Frame mode 
A mode for use of the OOMAIN display wheret¥ a program t:erforms graphics 
o~rations on a Display Manager p:id. In this mode, the user has access 
to other processes through windows on the display, and can scroll the 
frame mder the Display Manager window. In this mode, unlike direct 
mode, the Display Manager will refresh the window when appropriate. 

Imaging display format 
An 8-bit or 24-bit color display format which allows display of an 
extended color range, but supports only limited graphics primitives 
operations. In an 8-bit imaging format, 8 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 format allCMs 256 colors to apJ;ear on the screen at one 
time. A 24-bit imaging format extends the ~ssible color range to 16 
million different colors, with 512 x 512 pixels visible at one time. 

Initial bitmap 
The first bitmap created in a graphics session. 

Input device 
A device such as a function key, touchp:id, or mouse that enables a user 
to provide input to a program. 

Input device number 
'!be identifier of one input device in an input device class. 
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Interactive display format 
A 4-bit or a-bit color display format which sUPIX>rts all graphics 
primitives operations. In a 4-bit interactive format, 4 bits are used 
to assign a pixel value (color map index) to each pixel. In an 8-bit 
format, 8 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. 

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

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

Locator 
A logical input device used to specify one position in coordinate sp3.ce 
(for example, a touchr;a.d, data tablet, or mouse). 

Logical input device 
An abstraction of an input device that provides a r;a.rticular typ: of 
input data. This abstraction corresponds to a group of physical input 
devices which provide this type of input data. A 

No-display mode 
A mode for use of the DOMAIN ~stem wherepy a program creates a bitmap 
in nondisplayed memory and performs graphic operations there, 
byr;a.ssing the display. 

Picture element 

Pixel 

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

See Picture Element. 

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

Primitive 
The least divisible graphic operation which changes a bitmap (for 
example, lines, fOlylines, and text). 

Primitive attribute 
See Attribute. 

IG3 color model 
A model used to specify color vall'.es. It defines red, green, and blue 
as primary colors. All other colors are combinations of the primaries, 
including the three secondary colors (cyan, ma.genta, and yellCM) • 

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

Window 
A rectangular area of the visible screen. Parts of the area may be 
obscured ~ other windows. 
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A 

ACX}uiring the display, 8-1, 11-11 
Arc, 11-18 
Attribute block (see Bitmap) 
Attributes, 

changing, 3-11, 11-101 
clipping window, 3-8, 

11-88 
coordinate origin, 3-9 

11-111 
defaults for, 3-12 
draw value, 3-9, 11-117 
establishing, 3-11, 11-101 
fill background, 11-59, 11-118 
fill pattern, 11-60, 11-119 
line pattern, 11-64, 11-124 
line style, 3-9, 11-125 
plane mask, 3-9, 11-127 
raster operation, 3-9, 11-66, 

11-128 
text background 

value, 3-9, 11-133 
text font, 3-9, 11-134 
text value, 3-9, 11-136 

B 

Bit block transfer (see BLT) 
Bitmap, 3-1 

accessing bits in, 3-5 
allocating, 3-5, 11-15, 
allocating without clearing, 

11-16 
attribute block, 3-7 

allocating, 3-7,11-14 
deal 1 ocating, 11-30 
descriptor, 3-11, 

11-19 
attributes (see also 

Attributes) 
cancelling, 3-4, 11-31 
creating, 3-4, 
current, 3-1, 3-3, 3-7 
descriptor, 3-6, 11-15, 11-16 
destination, 6-3 
dimensions, 3-1, 11-46, 11-104 
display memory in, 3-3 
depth, 3-1 

INDEX 

Index-l 

example, 10-3 
external storage, 3-4, 11-84 
identifying, 3-4, 11-46 
height, 3-1 
initial, 3-3, 3-4 
main memory, 3-3 
multiple plane, 3-5 
multiple-displayed, 3-7, 11-137 
not clearing, 11-43 
origin, 3-2 
plane, 3-1 
pointer to a, 3-6, 11-47 
size, 3-3, 11-104 
source, 3-6, 6-3 
width, 3-1 
window, 6-1, 6-5 
window origin, 6-3, 6-5 

Bit plane, 3-1 (see also 
Plane) 

Block transfer (see BLT) 
BLT, 6-1, 11-20 

additive, 6-1 
bit, 6-1 
for display driver, 6-2 
for GPR, 6-2 
pixel, 6-1 
plane mask with, 6-2, 11-127 
source and destination, 

6-3, 6-5 
Borrow-display Irode (see Mode) 
Button, 7-3 (see also 

Event) 

c 

Character 
width, 11-50, 11-106 
spacing, 11-67, 11-132 
set in FORmAN, 11-36 

Clipping window, 6-5 
(see also Attributes) 

Color display, 2-2 
establishing, 4-2 
formats, 2-8, 4-3 

Color map, 4-1 (see 
also Color table) 

establishing, 4-2, 11-110 
4- and 8-bit formats, 4-3 
24-bit format, 4-4, 11-63, 

11-122 



Color model (see RGB color 
model) 

Color table, 4-3 (see also 
Color nap) 

index, 4-3 
Color value, 4-1, 4-3 

computation, 5-3 
Configuration, 2-3 (see also 

Display, configuration) 
Core graphics systen, 1-1 
CUrrent bitmap (see Bitmap, 

current) 
Current position 5-1, 

11-49 
Cursor, 

display mode, 7-2 
origin, 7-1, 11-113 
pattern, 7-1, 11-114 
position, 7-1, 11-115 
restrictions, 7-1 
size, 7-1 

D 

Data structures, 
graphics nap files, 12-2 
C, 9-1, C-l 
FORI'RAN, 9-5, D-1 
Pascal, 9-1, ~1 

Data types, 9-2 
C, 9-2, C-l 
Pascal, 9-2, ~l 
FORI'RAN, 9-5, D-l 

Destination bibnap (see Bitmap, 
destination) 

Direct graphics in windows, 
8-1 

display memory, 8-4 
hidden display memory, 

8-4 
image redisplay, 8-4 
input, 8-3 

Direct mode (see Mode) 
Display, 

acquiring, 8-1, 11-11 
bor rowing (see Mode, 

borrow-disply) 
clearing, 4-3, 11-24 
configuration, 2-1, 11-52 
environments, 2-1 
hidden, 2-2, 11-17 
landscape, 3-3 

Index-2 

monochromatic, 2-1 
portrait, 3-3 -
releasing, 8-2, 11-95 
visible, 2-2 

Display driver, 1-2 
Display Manager, 1-2, 8-1 
Display memory, 2-2 
Display mode (see Mode) 
Drawing value, 5-2, 11-117 
Drawing (see also Filling) 

arc, 11-18 
box, 11-33 
circle, 11-22 
connected lines (see 

polyline) 
disconnected lines (see 

mulitline) 
lines, 5-2, 5-4, 11-79 
multiline, 5-6, 11-82 
polygon, 5-2, 11-88 
polyline, 5-5, 11-91 
spline, 

parametric, 11-138 
x, 11-139 
y, 11-140 

E 

Error messages, 
GMF, 12-2 
GPR, 9-11 

Event, 7-3, 
button, 7-3, 11-32 
characters, 11-36 
count, 7-5, 11-41 
disabling, 7-4, 11-32 
enabling, 7-4, 11-35 
input stream, 7-5, 11-123 
keyboard, 7-3, 11-35 
keyset, 7-3, 11-35 
locator, 7-3 
puck, 7-3 
reporting, 7-4 
touchpad, 7-3 
types, 7-3, 11-35 
wait, 7-5, 11-28, 11-38 
window transition, 7-3 

Examples, 
bit block transfer, 10-3, 
bibnap pointer, 3-6 
bit plane mask, 10-6 
cursor origin, 7-2 



cursor value computation, 5-2 
current position, 5-1 
direct mode, 8-6 
input devices, 10-9 
drawing, 

line, 5-2, 5-4 
roul til ine , 5-6 
polyline, 5-5 

external storage of bitmap, 
10-15 

filling, 5-4 
input devices, 10-9 
program, 

FORmAN, 10-3 
Pascal, 8-6, 10-1, 

10-6, 10-9, 10-13, 10-15 
rubber banding, 10-13 
storing a bitmap, 10-15 

Exiting a program, 8-3, 8-5, 
10-13 

F 

Fault, time-out, 8-2, 8-3 
Filling, 11-25 

circles, 11-23 
polygons, 5-3, 11-25 
rectangles, 5-3, 11-94 
trapezoids, 5-3, 11-144 
triangles, 5-3, 11-145 

Font, 3-9, 3-12, 11-134 
replicating, 11-98 

Font file, 11-80, 11-98 
FORmAN, 

character set, 11-36 
data structures, 9-5 
data types, 9-5 
insert files, 9-1 
sample program, 10-3 

Frame mode (see Mode) 

G 

GMF routines 
GMF_ $CLOSE, 12-4 
GMF_$<DPY_PLANE, 12-5 
GMF_ $CDPY_SUBPLANE, 12-7 
GMF_$OPEN, 12-9 
GMF_$RESIDRE_PLANE, 12-11 

Index-3 

GPR routines 
GPR_$AOJUIRE_DISPLAY, 

8-2, 11-11 
GPR_ $ADDITIVE_BLT, 6-4, 

11-12 
GPR_$ALLOC'ATE_ATrRIBUTE_ 

BLOCK, 3-11, 11-14 
GPR_ $ALLOC'ATE_BITMAP, 3-4, 

11-15 
GPR_ $ALLOC'ATE_BITMAP_NC, 

11-16 
GPR_ $ALLOC'ATE_HDM_BI'lMAP, 

3-5, 11-17 
GPR_$ARC_3P, 11-18 
GPR_ $ATrRmUTE_BLOCK, 

3-11, 11-19 
GPR_$BIT_BLT, 6-4, 11-20 
GPR_$CIRCLE, 11-22 
GPR_ $CIRCLE_FILLED, 11-23 
GPR_$CLEAR, 4-3, 11-24 
GPR_ $crDSE_FILL_roON, 

5-3, 11-25 
GPR_ $CLOSE_RE'IURN_rooN, 

5-3, 11-26 
GPR_ $~LOR_ZCXl'-i, 11-27 
GPR_ $CDND_EVENT_WAIT, 

7-5, 11-28 
GPR_ $DEALLOCATE_ATTRmUTE_ 

BLOCK, 11-30 
GPR_ $DEALLOCATE_BITMAP, 

11-31 
GPR_ $DISABLE_INPUT, 7-4, 

11-32 
GPR_$DRAW_OOX, 11-33 
GPR_ $ENABLE_DIREcr_ACCFSS, 

3-6, 11-34 
GPR_ $ENABLE_ INIUT, 7-4, 

8-3, 11-35 
GP~ $E.VENT_WAIT, 11-38 
GPR_$FORCE_RELEASE, 11-40 
GPR_$GET_EC, 7-5, 11-41 
GPR_$INIT, 2-8, 3-4, 

11-42 
GPR_$INQLBITMAP, 3-5, 11-45 
GPR_$INQLBITMAP_DIMENSIONS, 

3-5, 11-46 
GPR_ $INQLBITMAP_IDINl'ER, 

3-6, 11-47 
G~$INQLBM_BIT_OFFSET, 

3-5, 11-49 
GPR_ $INQL CBARAcrER_WIDI'H, 11-50 
GPR_ $INQL CDLOR_MAP, 4-2, 

11-51 



GPR_$INQLODNFIG, 11-52 
GPR_ $INQL ODNSTRAINI'S, 

11-53 
GPR_ $INQL mDRDINATE_ 

ORIGIN, 11-54 
GPR_$INQLCP, 11-55 
GPR_ $INQL <lJRSOR, 11-56 
GPR_ $INQLDRAW_ VALUE, 4-3, 

11-58 
GPR_$INQLFILL_BACKGROOND_ VALUE, 11-59 
GPR_ $INQLFILL_PATI'ERN, 11-60 
GPR_ $INQLFILL_ VALUE, 

4-3, 11-61 
GPR.. $INQLIDRIZONTAkSPACIr-x;, 11-62 
GPR_$INQLIMAGIm_FORMAT, 

2-8, 11-63 
GPR_ $INQLLINE_PATI'ERN, 11-64 
GPR_ $INQLLINESTYLE, 11-65 
GPR_$INQLRAS~OPS, 11-66 
GPIt- $INQL SPACE_ SIZ E, 11-67 
GPR_$INQLTEXT, 5-9, 11-68 
GPR_ $INQL TEXT_EXTENT, 5-10, 

11-69 
GPR_ $INQL TEXT_ OFFSET, 5-10, 

11-71 
GPIt- $INQL TEXT_PATH, 11-74 
GPR_ $INQL TEXT_ VALUES, 4-3, 

5-10, 11-75 
GPR_$INQLVIS_LIST, 8-3, 

11-76 
GPR_$INQLWINIXlV_ID, 3-5, 

11-78 
GPIt-$LINE, 5-2, 5-4, 11-79 
GPR_ $LOAD_FONT_FILE, 5-9, 

11-80 
GPR_$MDVE, 5-1, 11-81 
GPR_$MULTILINE, 5-6, 11-82 
GPR_$MULTITRAPEZOID, 11-83 
GPR_ $OPEt'LBITMAP_FILE, 11-84 
GPR_ $roa~LroLYLINE, 11-88 
GPR_$PIXELLBLT, 6-4, 11-89 
GPR_ $roLYLINE , 5-5, 11-91 
GPR_$READ_PIXELS, 4-7, 

11-92 
GPR_$RECTANGLE, 5-7, 11-94 
GPR_ $RELEASE_DISPLAY. 8-2, 

11-95 
GPR_$REMAP_ODLOR_MEM:>RY, 

11-96 
GPR_ $REMAP_ ODLOR_MEr-DRY_l , 

11-97 
GPIt- $REPLIC'ATE_FONT , 11-98 

GPIt- $SELECT_ ODLOIt-FRAME, 
11-99 

GPR_ $SET_ACQ TIME_ OOT, 
11-100 

GPR_$SET_ATrRIBUTE_BLOCK, 
3-11, 11-101 

GPR_$SET_AU'IO_REFRESH, 
8-4, 11-102 

GP~$SET_BITMAP, 3-4, 3-7, 
11-103 

GPR_$SET_BITMAP_DIMENSIONS, 
3-5, 11-104 

GPR_$SET_CHARACTER_WIDTH, 11-106 
GPR_ $SET_ CLIPPIr-x;_ACTIVE, 

3-8, 11-107 
GPR_ $SET_ CLIP_WINIXlV, 3-8, 

8-4, 11-108 
GPR_ $SET_ CDLOR..MAP, 2-9, 

4-2, 4-4, 11-110 
GPR_ $SET_ mDRDINATE_ 

ORIGIN, 3-2, 11-111 
GPR_ $SET_ <lJRSOR_ACTIVE, 

7-1, 11-112 
GPR_$SET_CURSOR_ORIGIN, 

7-1, 7-2, 11-113 
GPR_$SET_<lJRSOR_PATI'ERN, 

7-1, 11-114 
GPR_$SET_CURSOR_roSITION, 

7-1, 7-2, 11-115 
GPR_ $SET_DRAW_ VALUE, 5-2, 

11-97 
GPR_$SET_FILL_BACKGROUND_VALUE, 11-118 
GPR_ $SET_FILL_PATI'ERN, 11-119 
GPR_$SET_FILL_VALUE, 4-3, 1-120 
GPR_ $SET_HORIZONTAkSPACIl'G, 11-121 
GPR_$SET_IMAGIm_FORMAT, 

2-8, 11-122 
GPR_ $SET_INPUT_SID, 7-5, 

11-123 
GPR_$SET_LINE_PATTERN, 11-124 
GP~$SET_LINESTYLE, 11-125 
GPR_$SET_OBSCURED_OPT, 

11-126 
GPR_ $SET_PLANE_MASK, 6-2, 

11-127 
GPR_ $SET_RASTER_ OP, 3-10, 

11-128 
GPR_$SET_REFRESH_ENTRY, 

8-4, 11-130 
GPR_$SET_SPACE_SIZE, 11-132 
GPR_ $SET_ TEXT_BACKGIDUND_ 

VALUE, 4-3, 5-9, 11-133 

Index-4 



GPR_ $SET_ TEXT_roNT, 5-9, 
11-134 

GPR_$SET_TIDcr'_PATH, 11-135 
GPR_ $SET_ TIDcr'_ VALUE, 4-3, 

5 .... 9, 11-136 
GPR_$SET_WINDOW_ID, 3-4, 

3-7, 11-137 
GPR_$SPLINE_CUBIC_P, 11-138 
GPR_$SPLINE_CUBIC_X, 11-139 
GPR_$SPLINE_CUBIC_Y, 11-140 
GPR_$START_FGON, 11-141 
GPR_$TERMINATE, 2-9, 3-4, 

11-142 
GPR_$TEXT, 5-10, 11-143 
GPR_$TRAPEZOID, 11-144 
GPR_$TRIMliLE, 11-145 
GPR_$UNLOAD_roNT_FILE, 5-9, 

11-146 
GPR_ $WAIT_FRAME, 11-147 
GPR_~RITE_PIXELS, 2-9, 4-7, 

11-148 
Graphics block transfers 

(see BLT) 
Graphics nap files, 

data structures, 12-2 
error messages, 12-2 
insert files, 12-2 
routines (see GMF 

routines) 
Graphics pr~itives, 

library, 1-1 
routines, 11-1 

Gray scale (see Intensity) 

H 

Hardware configuration (see 
Display, conf iguration) 

Hidden display memory, 2-2, 
8-4, 11-17 

I 

Image redisplay, 8-4 
Imaging display format, 

initializing, 3-3 
using, 2-8, 11-122, 

11-63 
Initial bitmap, 3-1, 3-4 
Input device (see Input 

operations) 

Index-5 

Input operations, 7-5, 10-9 
(see also Event) 

Insert file, 
C, 9-1, C-l 
FORI'RAN,9-1, D-l 
Pascal, 9-1, B-1 

Intensity, 4-1, 4-3 
Interactive display format, 

2-2 

K 

Keyboard, 
acquisition, 8-3, 11-32 
release, 8-3, 11-32 
event (see Event) 

Keyset, 7-4 

L 

Landscape display, 2-1, 2-2, 3-3 
Line style (see 

Attributes) 
Lines, 5-2 (see also Drawing) 
u:>cator (see Event) 

M 

Memory, 
representation, 3-1 
refresh buffer, 2-6 

Mode, 
borrow-display, 2-6 

3-4, 10-17 
direct, 2-6, 3-4, 10-17 
frame, 2-7,3-4, 10-18 
initializing, 11-42 
no-display, 2-7,3-4, 

10-19 
Monochronatic display, 2-1 
Mouse, 10-9, 10-13 
Multiline (see Drawing) 
Multiple displayed bitmaps, 

character for, 3-7 
window identification 

for, 3-7, 11-78, 11-137 
Multiline (see Drawing) 



N 

No-display mode (see Mode) 

P 

Picture elenent (see 
Pixel) 

Pixel, 2-1, 3-1 
format, 2-2 
position, 3-2 
read value, 11-92 
value, 3-2, 4-7 
write value, 11-148 

Plane, 3-1 
mask, 6-2, 10-6, 11-127 
of bitnap, 3-1 

Pointer,' 3-6, 11-47 
bitmap storage, 3-5 

Polygons, 5-3, (see also 
Filling) 

rectangle, 5-2, 11-94 
trapezoid, 5-2, 11-144 
triangle, 5-2, 11-145 

Polyline, 5-5 (see also 
Drawing) 

Portrait display, 2-2 
Position, 

changing, 5-1 
current, 5-1 

Primitive, 1-1 
Program exam~es (see 

Examples, program) 
Puck (see Event, puck) 

R 

Raster operation, 3-10, 
11-66, 11-128 (see also 
Bitmap and Attributes) 

Raster unit, 3-2 

Index-6 

Rectangle, 5-2, 11-94 
Redis~ay, 8-4 
Restrictions, 2-7, 7-1 
R:;B color model, 4-1 
Rubber banding, 10-3 

s 

Scan line, 3-5 
SM[) (display driver calls) 

1-2, 8-2 

T 

Techniques, 10-1 
Text 

operations, 5-9 
(see also Attribute) 

path, 11-74 
Time-out, 8-2 
Touchpad (see Event) 
Trapezoid, 5-2, 11-144 
Triangle, 5-2, 11-145 

w 

Window, 
and direct graphics, 8-1 
clearing, 11-24 
identification, 3-7, 11-78, 

11-137 
obscured, 8-3 

Writing to display, 4-7, 
11-148 



READER'S RESOONSE 

We use readers' comments in revising and improving our documents. 

Document Title: Programmer's Guide to DOMAIN Graphics Primitives 

First Printing: October, 1983 
Latest Printing: May, 1984 

What is the best feature of this manual? 

._------------------_._-------------

Please list any errors, omissions, or problem areas in the manual. 
(Identify errors b¥ page, section, figure, or table number wherever 
};X)ssible. ) 

What type of user are you? 

Systems programmer; language ___ _ 
Applications programmer; language ___ _ 
Student programmer 
User with little programming experience 

HCM often do you use your system? ____ _ 

Nature of your work on the OOMAIN System: ____________________ _ 

Your name Date 

Organization 

Street Address 

City State Zip/Country 

No p:>stage necessary if nailed in the U.S. Fold on dotted lines 
(see reverse side), tape, and mail. 
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