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LIMITATION OF LIABILITY
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Model 4 Computer Graphics

To Our Customers . . .

The TRS-80% Computer Graphics package revolitionizes your Model 4 by letting vou draw intricate displays from
simple program instructions. With the highly defined Graphics Screen, the list of practical applications is nearly
cndless!

The TRS-80 Computer Graphics package includes a;

& Computer Graphics Diskette
® Computer Graphics Operation Manual

However, before you can use this package, your Model 4 must have 64K of RAM (Random Access Memory ) and
one disk drive. Your computer must also be modified by a qualified Radio Shack service technician,

Included on the Graphivs diskelw ane:

® TRSDOS Version b

® CGraphics BASIC (BASICG)

#® Craphics Subrowtine Library (GRPLIB)

® Ciraphics Linhties

#® Sample Programs in BASICG and FORTRAN

To print graphic displays, you can use any Raodio Shacl printer that has graphic capabilitics such as Line Frinter VII

(26-1167), Line Printer VIII (26-1168), DMP-100 (26-1253), DMP-200 (26-1254), DMP-400 (26-1251), or
DMP-500 (26-1252),

You can also utilize the Graphics Subroutine Library with several languages, including, but not limited to,
FORTRAN (26-2219),




About This Manual . . .

For your convenience, we've divided this manual into five sections plus appendices:

® Computer Giraphics Overview

® Graphics BASIC (BASICG) Language Description
& Graphics Utilities

® FORTRAN Description

& Programming the Graphics Board

® Appendices

This package contains two separate (but similar) methods for Graphics programming:

® Graphics BASIC (BASICG)
® Graphics Subroutine Library

If you're familiar with Model 4 TRSDOS™ and BASIC. you should have little trouble in adapting to Graphics
RASIC 1 you want 1o review BASIC statements and syntax, see your Model 4 Disk System Owner's Manual,
Then read Chapiers 1. 2 and 3. along with Appendixes A, B, D, and E of this manual,

If it"s Graphics applications in FORTRAN you're after, refer to the TRS-80 FORTRAN manual. Then icad Chapters
I. 2.3, and 4 as well as Appendixes C, D. E, and F of this manual.

Mote: This manual is written as a reference manual for the TRS-80 Counprites Craphics package. It is not intended
as a teaching guide for graphics programming.

Notational Conventions

The following conventions are used to show syntax in this manual;

CAPITALS Any words or characters which are uppercase must be typed in exactly as they
appear,

lowercase italics Fields shown in lowercase italics are variable information that you must subsiilute
a value for.

(ENTER Any word or character comtained within a box represents a keyboard key o be
pressed.
Ellipses indicate that a field entry may be repeated.

filespec A field shown as filespec indicates a standard TRSDOS file specification of the
form: filenamelext. password.:d

punctuation Punciuauon other than ellipses must be entered as shown,

delimiters Commands must be separated from their operands by onc or more blank spaces

Multiple operands. where allowed. may be separated from each other by a
commd, 4 comma followed by one or more blanks. or by onc or more blanks.
Blanks and commas may not appear within an operand.
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1/ Computer Graphics Overview

Graphics 15 the presentation of dimensional artwork, With TRS-80 Computer Graphics, the artwork is displayed on a
two-dimensional planc — your computer screen. Like an artist's easel or a teacher’s blackboard, the screen is a
“drawing board™" for your displays.

TRES-80 Computer Graphics has two colors:

& Black (OFF)
® White (0N

Graphics programming is different from other types of programming because your uliimate result 1s a pictorial
display (bar graph. pie chart, eic.) rather than textual display (sum, equation, ctc.). This is an important distinclion.
After working with graphics for a while, you'll find vourself thinking “*visually™ as you write programs,

In compuier-generated graphics, displays can include tables, chans, graphs, illustrations and other tvpes of anwork,
Onee they're created, you can 'paint’ displays with a varicty of styles and shapes, or even simulate animalion,

The Computer Graphics program uses a “high-resolution” screen. The more addressable points or dots (called
_ prog g
Cpialsty oo computer’s screen, the higher the resolution, A lower resolution screen has fewer addressable pixels,

% P"‘EL'—:.

| S ] | 1 2
: M s -
I 11 NN
i L | .
Lower resolution Higher resclution

Figure 1. Resolution

Since the TRS-80 has high-resolution — 640 pixels on the X-axis (0 to 639) and 240 pixels on the Y-axis (0 to 239)
— youl can drew displays that have excellent clarity and detail.

How TRS-80 Computer Graphics Works

The concept of graphics is fairly simple. Each point on the screen can be turned ON (white) or OFF {black).
When you clear the Graphics Screen, all graphic points are trned OFF,

Therefore, by seming various combinations of the pixels (usually with a single command) either ON or OFF, vou can
generate lines, circles, peometric figures, pictures, ete.




Model 4 Computer Graphics

The Graphics Screen

TRS-80 Computer Graphics has two ““screens”’ — Text and Graphics. ( We'll call them screens. although they are
really modes. ) Both screens can act independently of each other and make use of the computer's entire display area.

.

The Text Screen, also referred to as the “"Video Display,” is the *"normal’® screen where you type in your
programs. The Graphics Screen is where graphic results are displayed. Both screens can be cleared independently.

Note: The Graphics Screen will not automatically be cleared when you return to TRSDOS. It will be cleared when
you re-emter BASICG.

The Graphics Screen cannot be displaved at the same time as the Text Screen.

While working with Computer Graphics, it might be helpful to imagine the screen as a large Cartesian coordinate
plane (with s horizontal X. and a vertical Y-axis) However, vnlike some roordinate systems, TRS-80 Computer
Ciraphies’ coordinate numbering starts in the upper-left eorner — (0,0) — and increascs toward the lower-right
comer — (639,239}, The Jower-laft comer is (0,239) and the upper-right cormer is (639,0),

Since the screen is divided into X-Y coordinates (like the Cartesian system), each pixel is defined as a unigque
position. In TRS-80 Computer Graphics, you can directly reference these coordinates as you draw.

About Ranges...

Some TRA-80 Computer Graphick commands accept valnes within the Model 4 integer range (= 32768 o0 37TAT),
instead of just 0 to 639 for X and O to 239 for Y. Since most of the points in the integer range are off the screen,
these points are part of what is called Graphics “‘imaginary’™ Cartesian system,

- )
(0,0) (639.0)
(0,239) (639,239

- J

Figure 2. Graphics Visible Screen
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y (0, - 32768)

(—=.-) E+i=)

X (—32768.0) — 0.00 m— |+ 32767 .0)

i'-‘i {4'1‘]

(0, 32767)

Figure 3. Graphics “Imaginary"” Cartesian System







Graphics BASIC (BASICG)

2/ Graphics BASIC
Graphics BASIC (BASICG) vs. BASIC

The Graphics BASIC file on the supplied diskette is named BASICG.

You can load and run a BASIC file from either BASICG or BASIC, You cannot run programs that contain BASICG
statements while in BASIC.

Important Mote: Because of memory limitations, some programs (i.c., some application programs) will not run in
BASICG, BASICG uses approximately 6.6K more memory than BASIC. Some Graphics Commands use Free
Memory. This means that the larger your BASIC programs are, the more limitations on your Graphics capabilities,

Each Graphics program statement has a specific syntax and incorporates a Graphics BASIC command or function,

Tahle | gives a brief description of the BASICG commands: Tabkle 2 lists the BASICG functions. This section of the
manual will describe each statement and funcrion in detail.

BASICG Commands

Command Description

CIRCLE Draws a circle, ac, semicircle, elc,

CLR Clears the Graphics Screen.

GLOCATE Sets the Graphics Cursor and the direction for putting characters on the Graphics
Screen,

GET Reads the contenls of a rectangle on the Graphics Screen info an array for tulure
use by PUT.

LINE Draws a line from the startpoint to the endpoint in the specified line style and color
Also creates a box

PAINT Paints an area, starting from a specified point. Also paints a specified siyle.

PRESET Sets an individual dot (pixel) OFF (or ON).

PRINT #-3 Writes characters to the Graphics Scraen

PSET Sets an individual dot (pixel) ON [or OFF)

PUT Stores graphics from an amray onto the Graphics Screen,

SCREEN Selacts the Graphics or Text Scraen

VIEW Creates a viewport which becomes the current Graphics Screen,

Table 1
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BASICG Functions

Function Description
&POINT Returns the OFF/ON color value ol & pixel,

Table 2
Starting-Up

Before using the diskette included with this package, be sure o make a “safe copy™ of it. See your Model 4
Introduction to Your Disk System for information on BACKUP.

To load BASICG:

1. Power up your System sccording to the start-up procedure in your Model 4 Introduction fo Your LNsk System.
Insert the backup diskette into Drive 0.

Initialize the Systemn as described in your Model 4 Iniroduction to Your Disk System.

i FUE ]

When TRSDHOIS Ready appears, 1ype:
BasIcG (ENTER)

The Graphics BASIC stant-up prompts, followed by the READY prompt appear, and you are in Graphics BASIC,
You can now bepin BASICG programming.,

Remember that Model 4 numeric values are as follows;

Model 4 Numeric Values

Numeric Type Range Storage Reguirement Example

Integer — 30768, 32767 2 bytes 240, 639, - 10

Double-Precision —1#10% —1=10~® 8 bytes 1230000.00

+1+10%, + 1108 3.1415026535807032
Up to 17 significant digits
(Prints 16)

Table 3

12



& Graphics BASIC (BASICG)

With cach BASICG command or function. there are various options which you may or may not include in a program
statement (depending on your needs). Each option is separated from the previous option by a defimiter, usually a
comma. When you do not specify an available option (e, g., you use the defaull value) and vou specify subsequent
oplions, you must still enter the dehmiter or a Syntax Error will result. (See your Model 4 Lhisk System Owner's
Manwual for more information. )

Because you are dealing with two distinct screens, the Graphics Screen and the Text Screen, we strongly urge you to
read the description of the SCREEN command before continuing,

CIRCLE
Draws Circle, Semicircle, Ellipse, Arc, Point

The CIRCLE womunamd lets you diaw live Lypes of liguies,

TN P

Circle Ellipse Arc Pie-Slice Point

Figure 4. Types of Displays with CIRCLE

With CIRCLE. you can enter values for Pl {and 2 x Pl} up to 37 significant digits without getting an overflow error.
However, only 16 digits are displayed.

3.141582E5358087932384626433832795028841
6.2831853071795864769252867665590057682

13



Model 4 Computer Graphics

However, you'll probably only be able to visually detect a change in the circle’s srarr and end when Pl 15 accurate to
a few significant digits {e.g.. 3.1, 6.28, etc.), The starr and end values can’t be more than 2 % PI (e.g., 6.2832 will
not work) or an lllegal Function Call error will oceur.

(x,y)
Centerpoint

The {x.v) coordinates in the CIRCLE statement specify the centerpoint of the figure. ¥ and v are numeric expressions
in the fdeger nember range.

Example
CIRCLE (x,y).r
CIRCLE (320.120).r
_. Centar
Figure 5. Center of Circle
r
Radius

The radius of a circle is meéasured in pixels and is a numenic expression in the integer range. Radius 15 the distance
from the centerpoint to the edge of the figure. Although a negative value will be accepted by BASICG, the results of
using a negative value are unpredictable.

The radius is cithcr on the X-axis or Y-axis, depending on the aspect ratio (sce ar). IF the aspect vatio is greater than

1, the radius is measured on the Y-axis, If the aspect ratio is less than or equal to 1, the radius is measured on the
X-axis.

Example
18 CIRCLE(322,120).,100
This caample draws a circle. The radius is 100 and the centerpoint is (320, 20).

¢
Color

You can get the ON/OFT (white/black) color of a figure’s border and radius lines (see chartiend) by specifying a
numeric value of 1 or 0.

If you omit color, BASICG uses | (OMN/white)

14
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_~ Border

Figure 6. Border of Circle
start/end
Startpoint/Endpoint of Circle
The range for starr and end is 0 10 6, 283185 (2 x PD).
If you do not enter seart and end, the defawlt valucs of 0 and 6.28, respectively, are usel.

A negative siarf or end value will cause the respective radius to he drawn in addition to the arc (i.e., it will draw a
Upiece of e pic™). The sowal san and endpoines are determined by taking the absolute value of the specibed start
and endpoints. These values are measured in radians

Note: Kadws will not be drawn if starf or end 15 —0. To draw a radius with starr or end as ), you must use
=0.000...01.

6:00

Figure 7. Clock/Radian Equivalents

15



Model 4 Computer Graphics

Degrees Radians Clock Equivalent
o 0 3:00
a0 157 12:00
180 314 9.00
270 4.7 6:00
380 6.28 3:00

You can draw semicircles and arcs by varving siarr and end. 1f starr and end are the same, a point (one pixel) will
be displayed instead of a circle.

You can have a positive start and a negative end (or vice versa) as well as negative starts and ends. In these cases,

only one radius line is drawn,

Table 4. Degree/Radians/Clock Equivalents

end

Radius

start

Canter

Figure 8. CIRCLE's (—) start, (~) end

end

Center \

i Radius

Figure 9. CIRCLE's (+) start, {—) end
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Hints and Tips about start and end:

® When using the default values for srarr and end, you must use commas as delimiters il you wish to add more
parameiers,

® [f vou use Pl it is not a reserved word in BASICG and must be defined in your program.

ar

Aspect Ratio

You can draw ellipses by varving the aspect ratio from the default value (.5) for a circle (and semicircle).

Ewery cllipsc has a “major axis™ which is the ¢llipse's longer, predominant axis. With an cllipse {as with a ciicle),
the two axes are at right angles to each other.

The mathematical equation for détermining the aspect ratio is:
ar = length of Y-axis/length of X-axis

® [f the aspect ratio is .5, a circle is drawn.
® [f the ratio is less than .3, an ellipse with a major axis on the X-axis is drawn.
® [f the ratio is greater than 5, an ellipse with a major axis on the Y-axis is drawn.

X-Axis Ellipse (ar < .5) Y-Axis Ellipse (ar == .5)
Figure 10. CIRCLE's Ellipse
The range for aspect ratio is a single-precision Moating-poinl number greater than 0.0 (10 1=107%). Although a
negative value will be accepted by BASICG, the results of using a negative value are unpredictable,
Hints and Tips about aspect ratio:

® Entering .5 o= the ratio produces a circle,

® Numbers between 0 and .5 produce an ellipse with @ major axis on X,

#® Numbers over .3 generate an ellipse with a major axis on Y.

#® Even though you can enter large aspect ratios, large numbers may produce strajght lines.

17
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Examples

CIRCLE (32Q.:120) .,99,1
This exanple draws a whitc-lurdered ciicle with the cenmterpoint of (320,120 and radius of %0

CIRCLE (22@:128) 93 41 s 454+.7
This staterment draws a white-bordered ellipse with an origin of (320,120} and radivs of 9. The major axis is the
Y-axis,

CIRCLE (328,1Z2)+9@+1+~-B+2:1-5
This statement draws an are with a vertex { Corigin™ 1 of (320, 1200 and radius of 90. srarr 15 6.2 and end is 5. Radius
lines are drawn for start and end,

CIRCLE (320 +12@) +3@ 41 +-4
This example draws an arc with a vertex of {320, 120} and radivs of N, srars 35 0 and end 35 4 A radivs line is
drawn lor end.

19 P1=3.1415926
20 CIRCLE (320 +1Z20) +18@ 41 PT+2%P1 4.5

A remicirele 15 drawn.

19 CIRCLE (15@0,100) +18@+1,-5:-1

20 CIRCLE (Z22@,180),18284+1,:5,1
Two arcs arc drawn with the same starr and end point. The arc with the negative start and end has two radius lines
drawn o the vertex. The arc with a positive storf and end has no radius lines

CIRCLE {(328:12@) 142 ,:-4:6.:1
This statement draws an arc with a vertex at (320,120) and a radius of 1440, St 15 4 and end is 6.1. A radivs line
is drawn for start,

CIRCLE (3Z@+12@) +1d@ 148 419.5
This example draws an arc with a vertex of (320.120) and radius of 140,

Sample Program

4 SCREEN &

=+ CLR

1¢ FOR ¥ =1@ TO Z@8@ STEP 1@
Z@ CIRCLE (ZQ@+1Q@) 8 el s 8
3¢ NEXT ®

40 FOR Y=10 TO 2@@ STEP 1@
S0 CIRCLE (38010803 W sl el
E@ MEXT ¥

7¢ FOR Z=-108 TOD Z2¢@ ETEP 10
8@ CIRCLE (3@@+1@@) 2419w D
g@ MNEXT £

1eéd GOTO 5
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A set of 20 concentric ellipses is drawn with 4 major axis on Y, a set of 20 concentric ellipses is drawn with a major
axis on X, amd a set of 20 concentric circles is drawn, The ellipses and circles in cach of the three groups arc
concentric and the radius varies from [0 to 200.

CLR
Clears the Graphics Screen

CLR clears the Graphics Screen.

Example

184 SCREEN @
Z9 CIRCLE{(3Z0:120) 10041

This program line will draw a circle. Now type:
cLi (ENTER)

and the Graphics Screen will be cleared but the Text Screen will remain unchanged. This can be seen by typing:
SCREEN 1

GET
Reads the Contents of Rectangular Pixel Area into Array

Impoctant Note: BASICG recoguiees two syotases ol the conmnand GET — the syntax described e s mamual and
the syntax described in the Model 4 Disk System Owner’s Manual, BASIC recognizes only the GET syntax
described in the Model 4 Disk System Owner's Manual.

GET reads the graphic contents of a rectangular pixel area inlo a storage array Tor future use by PUT (see PUT),

A rectangular pixel arca is a group of pixcls which arc defined by the diagonal line coordinates in the GET
statement.

The first two bytes of array name are sét to the horizontal {X-axis) number of pixels in the pixel area; the second
two bytes are set to the vertical (Y-axis) number of pixels in the pixel arca. The remainder of array name represents
the starus of each pixel, either ON or OFF, in the pixel area. The data is stored in a row-by-row format. The data is
stored 8 pixels per byte and each row starts on a byte boundary.
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Array Limiis

When the array 15 created, BASICG reserves space in memory for each element of the array. The size of the array is
limited by the amount of memory available for use by your program — cach real number in your storage array uses
four memory locations (hytes).

The array must be large enough w hold your graphic display and the rectangular area must include all the points you
want o slore,

Your GET rectangular pixel area can include the entire screéen (1.¢., GET(0.0) - (639,239), array name), il the array
i dimensioned large enough,

To determine the minimum array size:
1. Divide the number of X-axis pixels by § and round up to the next higher integer.

2. Multiply the result by the number of ¥Y-axis pixels. When counting the X-Y axis pixels, be sure (o include the
first and last pixel.

3. Add four to the total.
4. Divide by four (for real numbers) or two (for integers) rounding up to the next higher integer.
The size of the rectangnlar pivel area is determined hy the (v v) cnordinates vsed in GET

Position; upper-left corner = stantpoint = ix1,y1)
lower left coner = endpoint = (x2,y3)

Size (in pixels): width = x2-x1+1
length = y2—y1+1
Example
GET!{18+1@01-(B@+30) oV
This block is 71 pixels wide on the X-axis (10 through 809 and 41 long on the Y-axis {10 through 50,

9+4] = 369 + 4
9« 4] a9+ 4

® For real: T1i8
® For integer: TLE

e
3Tz

94
157

Depending on the type of array you use, you could set up your minimum-size dimension statement this way:
® Real DIWM W83}
ar

& Integer DIM UEI18R)Y

Examples

{9 DIM wi2d49)
2@ CIRCLE (B3 +45) 2841
3@ GET (1@+1@)=-{120 88} +V

An array is created, a circle is drawn and stored in the array via the GET statement’s rectangular pixel area’s
parameters (i.e.. (10,100 —{120.800).
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Calculate the dimensions of the array this way:
Rectangular pixel area is 111 = T1. That equals:

111/8 = 14+ 71 = 994 + 4 = 998/4 = 250

(10,10} (120,10}
Rectangular
Pixel
Area
(10,80) (120 80)
Figure 11

1@ DIH V{(32,3d)
20 CIRCLE (5@4+5@):10
3% GET (16,10)-(B0:B@) 1V

A two-dimensional array is created, a circle is drawn and stored in the array via the GET statement’s rectangular
pixel area’s parameters {i.e., {10,100—(80,80)).

(10,10}
Rectanyulia
Pixel -
Area

180,80)

Figure 12

1¢ DIM VEISE4L)
20 CIRCLE (B5+45) S0 1143
30 GET(12,13)-{120:B@) ;V%

A one-dimensional integer array is créated. an are 15 drawn and stored in the array via the GET statement’s
reclangular area’s parameiers.
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GLOCATE
Sets the Graphics Cursor

Since the Text Screen and the Graphics Screen cannot be displayed at the same time, you need an casy way 1o
display textual data on the Graphics Screen. GLOCATE provides part of this function by allowing vou to specify
where on the Graphics Screen to start displaying the data, (x,y), and which direction to display it — direction.

The allowable values for direction ane:

M — zero degres angle
1 — 90 degree angle

2 — 180 degree angle
3 — 270 degree angle

Examples

10 GLOCATE (320.120).0

This program line will cause characters to be displayed starting in the center of the screen in normal left-to-right
oncntation.

10@ GLOCATE (320:1@) 41
This program line will cause chaacters w be displayed saning in the center of the top portion of the screen in a
vertical orientation, going from the top of the screen to the bottom of the screen.

20@ GLOCATE (G3@.128) .2

This program line will cause characters to be displayed upside down starting at the right of the screen and going
towards the left.

309 GLOCATE (3Z0+230) .3

This program line will cause the characters 1o be displaved vertically. starting at the center of the lower portion of
the screen towards the top of the screen,
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LINE
Draws a Line or Box

LINE (x1,y7)—(x2,y2), ¢, B or BF, style

{x1,y71) specifies the starting coordinates of a line and is a pair of integer expressions. (x7,y71) is
optional; if omitted, the last ending coordinates of any previous command are used as the
startpoint. If 8 command has not been previously specified, (0,0) is usaed

{x2,y2) specifies the ending coordinates of a line. (x2,y2) is a pair of integer expressions.

¢ specifies the color and is a numeric expression of either 0 or 1. ¢ is optional; If omitted, 1 is used.

B or BF specifies drawing and/or shading (solid white or solid black) a box. B draws a box and BF
filis a box with shading. B/BF is optional; if omitied, only a line is drawn.

styla iz the setting for the pattern of a line and ia a numoric value in the intoger range. stylo is
optional; if omitted, — 1 (solid ling) is used. style must be omitted i BF is used.

LINE draws a line from the starting point (xf_y/} o the ending point {x2.y2}

If the starting point is omitted, either @000 18 used i a previous end coondinate has not been specified or the last
ending point of the previous command is used. If one or both parameters are off the screen, only the part of the line
which is visible is displayed.

With over 63,500 line styles possible, each style is slightly different. You'll find it's almost impossible o detect
some af the differences since they are 50 minute.

@ LINE with Box Option

The start and end coordinates are the diagonal coordinates of the box (either a square or rectangle). When you don't
specify the B or BF options, the ““diagonal™ ling is drawn. When you specify the B option, the perimeter is drawn
but not the diagonal hme. When you specify the BE option, the penmeter s drawn, and the arca bounded by the
perimeter is shaded in the specified color (ol

LINE(142B2)-(508,200)+1 .8

(140,80)

(500,2000

Figure 13
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style
style sets the pixel arrangement in 16-bit groups.
For example, 0000 1111 0000 1111 (binary), OFOF (hex), or 3855 (decimall.

stvle can be any number in the integer range (negative or positive). Using hexadecimal numbers, you can figure the
exact line style you want. There will always be four numbers in the hexadecimal constant.

To use hexadecimal numbers for stvle:
1 Necide what pixels you want OFF (hit =0 and 0N (hit= 1)

2. Choaose the respective hexadecimal numbers ifrom the Base Conversion Chart. Appendix D).
Example
DOOD 1111 0000 1111 = &HOFOF

Creates a dashed |ine.

Type Binary Numbers Hex Numbers
Long dash 0000 0000 1111 1111 &HOCFF
"Short-short” dash ‘.1 1 : &HCC
OFF/ON 0101 0101 mu 0101 i mss

Medium dots 1000 1000 n 1 . &aa

Table 5. Sample Line Styles

Examples

LINE -(10@42)
This example draws a line in white (ON) starting at the last endpoint used and ending at ( 100,40,

LINE (@.:2)-(319.1883)
This statement draws a white line starting a1 (0.0) and ending ar (319, 199).

LINE{I®Q 100} (Z20@+Z0D) s1 4443
This example diaws a line Towm (100,1000 w (200,200) esing line style 45 (&HO02D).
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LINE (1@0+1@@)-(320.,202) .1, +LH2AFF
This LINE statement draws a line with “*long dashes.”” Each dash is eight pixels long and there are eight blank
pixels between each dash,

LINE (1@@+103)-(308,20@) +1++-1000
This statement draws a line from (100, 100) to {300,200 using line style — 1000,

LINE (200,200)-(-12@,10¢)
A line is drawn from the startpoint of (200,200) w ( — 100, 100),

1@ LINE (30.30)-{1B0,12@)
2@ LINF -{1Z7@.18a)
3@ LINE -(3@.30)

This program draws a triangle.

1¢ LIMNE -(S@ 521}
2@ LINE -t1Z@+B0)
3@ LINE -(-12@.,-123)
d@ LINE -(30@2.1020)
This program draws four line segments using each endpoint as the staripoint for the next segment.

PAINT
Paints Screen

PAINT (x.y), tiling, border, background

{x.y) specifies the X-Y coordinates where painting is to begin. x is a numeric expression from 0 to
639 and y is a numeric expression from 0 to 238.

tifing specifies the paint style and can be a siring or a numeric expression. tiling Is optional; if
omitted, 1 is used. tifing cannot be a null string (" ) and no more than 64 bytes may be
contained in the tiling string.

border specifies the OFF/ON color of the border where painting is to stop and is a numeric
expression of either 0 (OFF) or 1 (ON). border is optional; if omitted. 1 is used.

background specifies the color of the background that is being painted and is a 1-byte string of
either 0 (CHR$(&H00)) or 1 (CHRE(&HFF)). background is optional; if omitied, CHR$(&HO00) is
used.

PAINT shades the Graphics Screen with riling starting at the spacified X.¥ coordinates, proceeding upwagd and
downward,
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X,y
Paint Startpoint

x,¥ 15 the coordinate where painting 15 to begin and must:

® Be inside the arca to be painted.
® Be on the working area of the scréen

For example:

i9 CIRCLE(322.:120) .84
28 PAINT(320,128) +1+1

A circle with a centerpoint of (320,120} s drawn and painted in white.
tiling
Paint Style

tifing is the pattern in a graphics display. By specifying each pixel, you can produce a multitede of tiling styles
therehy simulating different shades of paint on the screen,

filing 1% convenient to use in bar graphs, pie charts, etc., or whenever you want to shade with a defined pateern,
There are two types of riling:

® Numeric expressions
® Sirings

MNumeric Expressions. There are only two numeric expressions that can be used for the paint style — D and 1, 1
paints all pixels ON (solid white) and 0 paims all pixels OFF (solid black).
To use nunetic cxpressivis, enter either 2 0 or 1. For example:

FPAINT (32@:120) ¢1+1

Strings (Point-by-Point Painting). You can paint precise patterns using strings by defiming a multi-pixel grid,
pixel-by-pixel, on your $creen as one contiguous pattern.

String painting is called “pixel’” painting because you are literally painting the screen **pixel-by-pixel” in 2
predetermined order,

You can define the tile length as being one to 64 vertical tiles, depending on how long you want your pattern. Tile
width however, is always eight horizontal pivels (8 pixels representing one B-bit byte). The dimensions of a tile
pattern are length by width. Tile patterns are repeated as necessary to paint to the specified borders, Because of its
symmetry, you'll probably find equilateral pixel prids most convenient.
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Figure 14. Example of an 8-by-8 Pixel Grid

Strimgs allow numerous graphic vanations becawse of the many pixel combinations vou can define.

Important Note: You cannot use more than two consecutive rows of tiles which match the background or an Illegal
Function Call error will oceur. For example:

PAINT (1+1)+CHRE{&HFF)+CHR$ (LHFF)+CHRS(LH@®)+CHRS (&HOS)
*CHRE(EHR2D ) +CHRS (&H@@) 1 +CHRE{BHED )

returns an [llegal Function Call error.

Using Tiling

You may want to use a sheet of graph paper to draw a style pattern. This way, you'll be able to visualize the pattern
and calculate the binary and hexadecimal numbers needed.

Note: Tiling should only be done on either a totally hlack or white background; otherwise. results are unpredictable.
To draw an example of a iile on paper:

1. Take a sheet of paper and draw a grid according o the size you wani (8 =< 8, 24 = 8, ete.). Each boxed arca on
this grid. hvpothetically. represants one pixel on youor screen.

2. Decide what tvpe of pattern you want (zigzag, diagonal lines, perpendicular lines, etc.).

3. Fll in each grid in each &-pixel-wide row of the tile if you want that pixel to be OM, according 10 your pattern.
If you want the pixel to be OFF. lcave the grid representing the pixel bank.

4, On your paper grid, count each ON pixel as 1 and each OFF pixel as 0. List the binary numbers for cagh row to
the side of the grid. For example. vou might have 0001 1000 on the first row, 0111 0011 on the sccond row, ete

5. Using a hexadecimal conversion chart, convert the hinary numbers to hexadecimal numbers. (Each row equates 1o
a two-digit hexadecimal number. )

6. Insert the hexadecimal numbers in a tile string and enter the string in your program.

Note: For a listing of commonly used tiling stvles, see Appendix E.
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Examplc

For example, if you're working on an 8 % 8 grid and want to draw a plus (*"+77) sign:

Binary Bex
# p gl1 18| B |8 gEaL 14p¢ 18
) P g1 L1y p gg@l 1ppp 18
g g B} 1 118218 gggl 1gpp 18
1 1 1 1 1 1 1 1 1111 1111 FF
1 1 1 1 1 1 1 1 1111 1111 FF
) a g]1 112 |8} @8 ggpgl 1¢pp lg
') ) g11 11818} 8 pgeal 1p@p 18
[ g g 11 11818} B gpg1 1998 18

Figure 15. 8 x B Grid

Tile string:

AS=CHRS I LHL1B)+CHR$(AHLIB ) +CHR$(&H1 B8 ) +CHRS (AHFF ) +CHR$ { HFF }
+CHR$(&H1IB)+CHR$ (&H1B ) +CHR$(&H1B)

b
Border

Border is the OFF/ON color of the border of a graphics design where painting 15 o stop and 15 & nUMEnc expression
of gither 0 or 1. If omitted. | (ON) is used and all the pixels on the border are set (solid white)

background
Background Area
Background is a I-byle character which describes the background of the area you are painting, CHRS(&HM

specifies a black background and CHRS{&HFF) is a totally white backpround. IF background ie not specified,
BASICG uses CHRS(&HO).

Painting contipues uniil g border is reached or undi]l PAINT does rou glier the stale of auy piacls s iow, However,
if pixels in a given row are not aliered and the tle that was to be painted in that row matches the background tile,
painting will continue on o the next mow

Mote: BASICG uses Free Memory for tiling.
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L
Examples

i@ CIRCLE (300+109) +189
20 PAINT (300+,10@) 1.1
Paints the circle im sobid white,

1@ CIRCLE (1@&.,140) ,302
2@ PAINT (10102 +1 41
Paints the circle. Only the visible portion of the circle is painted on the screcn,

4 CLRE

5 A=l

& SCREEN @

12 CIRCLE (32@.120) +1040

2@ CIRCLE (1@ .102) .,5@

30 CIRCLE (499 :200) :64

4@ CIRCLE (S09.,78) :50

S@ PAINT (3Z28+120) A1

G@ PAINT (190.,18@) /A1

T PAINT (4dQD 208 rA vl

B@ PAINT (SQB.:70) +f+1
The tiling style is assigned the value | in line 5 (A =1) for all PAINT statements. Four circles are driawn and painted
in solid white

. 1@ LINE (1d4@,8@1-(5¢3,280) 1.8
28 PAINT (260 120! CHR$(AHEE»+CHRS(&HT7V )} +CHRE(QD) + 1
Paints box in specified tiling style using strings,

1@ CIRCLE (30G.108) .14

2@ PAINT (308,1@89)."D"+1
This example uses a character constant to paint the circle in vertical blank and white stripes. The character "D
(0100 01009 sets this vertical pattern: onc vertical row of pixels ON, three rows OFF.

18 CIRCLE (320,17 209

20 PAINT (3204+126),"332211"+1

3@ PAINT (1@@,708) "EFEF" 1
This example draws and paints a circle, then paints the area surrounding the circle with a different paint siyle (line
30). This PAINT statement’s (line 30) startpoint must be outside the border of the circle

1@ PAINT (320:120) :CHR${BHFF) +1

29 CIRCLE (320 +12Q1 1090

38 PAINT (320,120) +CHR$¢@) +CHR$ (LHFF) 1@ +CHRS (BHFF |
Paints the screen white, draws a circle and '|"|HiF|H the circle with a pattern.

1@ PAINT (320,120) CHRE(EHFF) +1

20 CIRCLE (3Z2@,122) 100,90

53¢ PAINT (320 +1Z0) +CHR$(@)+CHR${&HAA) +@ CHRES{&HFF )
Paints the scroen white, draws a circle and paints the cincle with a patienn
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1@ CIRCLE(30B880 ,10d) 102
2@ A$=CHR%(EHAD ) +CHR$(AHTE})+CHR$ (&HIB)+CHRS (&AHIB ) +CHRS(EHL1E)
+CHR$(BHIB)+CHR&(&H18)+CHR${&HAD)
3@ FAINTISOQ:10d) 1A% .1
This draws the circie and paints with the letter T within the parameters of the circle.

12 A$=CHR$(EHL1 ) +CHR$(AH22 ) +CHRE (EH14 ) +CHRS (AHPEB) +CHRS (BHLA)
+CHR$(AHZZ)+4CHR$ (BHA1 ) +CHR& (B HOB)
2@ PAINT (3Q@1@0) A%, 1
This paints Xs over the entire screen.

1 CLEAR 1028
3 CLR
5 BCREEN @

18 TILE$(@)=CHR$(EHZZI+CHR$(RHAR)
20 TTILES(1)=CHR$(RHFF 1 +CHR$ (kHPD)
3@ TILE$(2)=CHR%(&H99+CHR& (BHEE
40 TILCE(3)=CHR$(&HDT)
S@ TILE®(d)=CHRS(LHFF}
@ TILE$(S)=CHR%{&HF@I+CHR${&HF @) +CHRS (&HBF ) +CHRS { BHAF )
78 TILE$(B)=CHR$(AH3CI+CHRS(RHIC ) +CHRS(&HFF )
B® TILE®(7)=CHR$ (AH@3 ) +CHR% (RHOC ) +CHRS (BH3D) +CHRS (&HCB)
90 AS=TILE®(O)+TILES(II+TILES(ZY+TILES(II+TILES(4)
+TILES(S!+TILE${B)+TILE$!7?)
100 PAIMTIZGQ.106¢) .4%1
This example paints the screen with a tiling pattern made up of eight individually defined tile strings (0-7).

&POINT (function)
Returns Pixel Value

The &POINT command lets you read the OFFYON valve of a pixel Tiom the screen,

Values for &POINT that are off the screen (i.¢., PRINT &POINT (800,500)) return a — |, signifying the pixel is off
the screen.
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Example

1@ PSET(300:10Q) 41
20 PRINT EPOINT(32@.10@)
Reads and prints the value of the pixel at the point's coordinates (300, 100) and displays its value: |,

FRINT APOINT(32@@.1280)
Since the pixel is off the screen, a = | is returned

PRINT EPOINT(-3000.100d)
Since the pixel is off the screen, a2 — | is retumed.

PSET(Z0D 108 ) ,8
PRINT BPOINT(Z@G 108}
Reads and prints the value of the pixel at the point's coordinates (200,100} and displays its value: 0.

18 PSET(32@:108) +1
290 1F BPOIMT(300.100)=1 THEN PRINT "GRAPHICS BASIC!"
Sets the point ON. Since the point’s value is 1, line 20 is executed and Graphics BASIC is displayed:

GRAPHICS EASIC!

S SCREEN @
12 PSETI(RNDIGAD) ANDIZ4D)) »1
20 IF BPOINT(3Z0:+12@0)=1 THEN STOF
3@ GOTOD 1@
Sets points randomly until (330, 120) is set.

5 CLR

190 LINE(SQ+88)-(120:100) +1,BF

20 PRINT &PDINT(1Q20.B80)

d0 PRINT EPOINT(11Q .80}

49 PRINT &POINT(115.,9@)

S0 PRINT RPOTNT(S@ .48

6@ PRINT &EPOINT(136,12@)
The first three pixels are in the filled box, so the value | {one) is displayed for each of the statements in lines 20,
30, and 40. The pixels specified in lines 50 and 60 are not in the shaded box and Os are returned.

]|
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PRESET
Sets Pixel OFF (or ON)

PRESET sets a pixel either OFF (D) or ON (1), depending on switch, If swirch is not specified, 00 {OFF) is used.

Values for (v y) that are larger than the parameters of the soreen (e greater than 639 for v and 239 far v) sre
accepted, but these points are off the screen and therefore are not PRESET,

Mote: The only choice for switch i3 0 or 1. 1 you cnter any other number, an lllcgal Function Call error will rosult.
Examples

18 PRESET (50 .50} :1
Z@ PREBET (5@.58) .0
Tums ON the pixel located at the specified coordinates (in line 10} and turns the pixel OFF (in line 20),

o SCREEN 2

18 PRESET (32@,1Z@) .1

2@ FRESET (3@0@.128),1

3@ PRESET (34@.14@) .1

4@ FOR I-1 TO 1@@@: NEWT 1

S@ PRESET (3Z0.120)

B@ PRESET (320,100}

7@ PRESET (34@.,14@)

B@ FOR I=1 TO 12@@: NEXT I
Seis the three specihied pixels UN {through the three PRESET statements), pauses, and then wms the three pixels
OFF,

PRESET(392@+1000) +1

The values for {x,v) are accepted, but since the coerdinates are beyond the parameters of the screen, the point is not
PRESET.
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PRINT #-3,
Write Text Characters to the Graphics Screen

PRINT #-3, is used to write text characters to the Graphics Screen, Lhis is the easiest way to display texiual data
on the Graphics Screen. Characters are displayed starting at the current Graphics Cursor and going in the direction
specified by the most recently executed GLOCATE command. 1f a GLOCATE command was not executed prior to
the PRINT #-3. command. a direction of (} is assumed.

PRINT#-2, will anly print text characters (sce Appendixes of the Model  Disk Systern Owner's Manuafl. Cach
character displayed in the 0 or 2 direction uses an 8 ® B pixel grid; ezch character displayed in the | or 3 direction
uses a 16 % 8 prid. Executing this command will position the Graphics Cursor to the end of the last character that
was displayed.

Thisplayving text in direction 0 engages A wraparonnd featnre If the and of 3 line 12 reached, BASICG will continge
the display on the next line. If the end of the screen is reached, BASICG will continue the display at the beginning
of the screen without scrolling. If there is not enough room to display at least one character at the current Graphics
Cursor, an lllegal Function Call error witl result. When displaying text in other directions. an attempt to display text
outside of the corrently defined screen will cavse an [llegal Function Call ermor 1o be given.

PSET
Sets Pixel ON (or OFF)

PSET sels a pixel either OFF () or ON (1), depending on swivch, 1T swirch is not specified, | (ON) is used.

The only choice for swirch with PSET is 0 and 1. If you enter any other number, an Hiegal Function Call will occur,

Values for (x,y) that are larger than the parameters of the screen (i.e.. greater than 639 for x and 239 for v are
accepled, but these points are off the screen and therefore are not PSET.

Note: The only distinction between PRESET and PSET in BASICG is the default value for swiich. The default value
for PRESET is (0, while the value for PSET is |,

EL}
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Examples

19 A=1
20 PSET 15008} A
Turns the pixel located at the specificd coordinates ON,

1@ PSET (RNDIGAE) +RND(2d@3 1) 41
20 GOTO 1@
Pixels are randomly set to 1 (ON) over the defined area (the entire screen).

FSET (-3@8.,-208) 1
The values for (x,y) are accepted, bot since it is beyond the parameters of the screen. the pixel is not set.

10 PBET (32@.,128) .1
70 As=THNKFY%: TF At= "" THEN Z@
30 PSETI320.120) .9
Line 10 seis ¢*“turns DN} a pixel; line 30 resets (*"mums OFF™) the sume dot.

PUT
Puts Rectangular Pixel Area from
Array onto Screen

Important Note: BASICG recognizes two syntaxes of the command PUT — the syntax described in this manual and
the syntax described in the Model 4 Disk System Owner's Manual. BASIC recognizes only the PUT syntax
described in the Model 4 Disk System (Owner's Manual.
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The PUT function puts a rectangular pixel area stored in an array, and defined by GET, onto the screen. GET and
PUT work jointly. Together, they allow you to *“ger” a rectangular pixel area which contains a graphic display,
store it in an array, then ““put”™” the array back on the screen later.

Remember that before you GET or PUT. you have to create an array to store the bit contents of the display
rectangular pixel area. The size of the array must match that of the display rectangular pixel area.

PUT moves your GET rectangular pixel area to the startpoint in your PUT statement and the startpoint is the new
upper-left comer of the rectangular pixel arca.

To illustrate;

S DIM Vi3)
10 GET (2:+3)=(7:7) 4
100 PUT 50,:50) +V.FSET

After GETting, PUT this rectangular pixel area to (50,50). The new coordinates are:

(50,500 (51,300 {52,500 (53,500 (54.50) (35,500
(50,51) (51,501) (52.51) (53.51) (54.51) (55,51}
(50,52} (51,521 (52.52) (53.52) (54.52) (55.52)
(50,53) (51,53) (52,53) (53.53) (54.,53) (55,53)
150,54) (51,54) (52,54) (53.54) (54.54) (55.59)

The sectangular pixel arca ({50,501 — (55,541} is exactly the same pixel size as (2.3)  (7.7) only the location is
ditferent.

(2.3) (7,3)
- . = Rl e
— -
“GET" et T
RECTANGULAR ~ Y
PIXEL . ~
AREA ~ - i
= - i (55,50}
-~ ~ _ (50,50) -~ 501
o Se T o - N
T s “PUT"
bt S e RECTANGULAR
i ~d_ PIXEL
o ~ _AREA
- — % T = 3
— —
= -~ = -
(50.54) {55,54]
Figure 16

With PUT, action can be PSET., PRESET, OR, AND, or XOR,

These operators are used in BASICG to test the OFF/ON (or (V1) conditions of a pixel in the original pixel area and
the destination pixel area.
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For example (using PSET), the pixel is set ON only if the bit in the PUT array is set ON_ If the bit is OFF, the pixel
i5 turncd OFF (reset)

With PRESET, thc pixel is sct ON only if the bit in the PUT array 15 set OFF. If the bit 15 ON, the pixel 15 tumed
OFF (reser).

Usimg OF, the pixel is set ON if the bit in the PUT array is ON or the comesponding pixel in the destination area is
OMN, In all other cases, the pixel is wmed OFF (reset), In other words:

OFF ON
OFF OFF ON
ON oM ON

With AND, the pixel is set ON, if both the bit in the PUT array and the corresponding pixel in the destination area
are ON. In all vihier cases, the piael is wined OFF (resed). In oiher words,

AND | OFF ON
OFF | OFF OFF
ON |  OFF ON

Using XOR, the paxel is set ON if either the bit in the PUT array or the comesponding pixel in the destination area
(hur new both) is ON. In all other cases, the pixel is tumed OFF (reset). In other words:

PEEXORY| oFF ON
OFF OFF ON
oM oM OFF

The following BASICG program will graphically illustrate the differences between the various action options. Since
the program will give you a “hard-copy’” pnntout of the action options, you'll need to connect your TRS-5U to a
graphic printer. See "Graphics Utilities”” later in this manual for more details on using the Computer Graphics
packags with a printer.
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1¢ DATA “OR"» "AND®, “PRESET"» “PSET" ., "HOR"
2@ CLR 1 SCREEN @

d@ FOR Y= 19 TD 21@ STEP 5@

4 FOR K= ¥ TO 489@ S5TEP Zo9

90 LINE (H+d@;:;Y-5)=-(X+102:¥+25) 1.8
EfA NEXT X

7@ LINE (S@.¥)1-(90+Y¥Y+1@) 1 :BF

8¢ FOR K= Z@@ TO dd@ STEP Zea

S0 LINE (H+S@,¥)-(¥47Q,¥+23):1 :BF
18@ NEXT X

110 MEXT VY

120 DIM Vilga)

13@ CET (S@8,10)1-190.,38) .,V

14¢ FOR N=1 TO 5

1568 R= (N-1)#%5+1

189 READ A%

165 GLOCATE (136+R#1Q) @

1780 PRINT =2-3; 4¢:

175 GLOCATE (3G :R%1@) @

188 PRINT #-3,; "="j

192 ON N GOTO 2P0, 210, 220, 230, 240
280 PUT (&5@1@)+ V,0R: LO0TO 250
21¢ PUT (45¢.B2)., WV, AND: G0TO 258
228 PUT (4501101, V,PRESET: GOTO Z50
238 PUT (4591681 V,PSET: GOTO 250
244 PUT (4S0.2101, WV, X0OR

258 NEXT N

Z6@ 3YSTER "GPRINT®
278 SCREEN 1

- B = P

I~
- n -
-PHEEETL — ;
| I i E
- B -

Figure 17
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Hints and Tips about PUT:

# An lllegal Function Call error will result if you attempt to PUT a rectangular pixel area to a section of the screen
which is totally or partially beyond the parameters of the screen. For example:

GET(S0:+5@)-(132,1358) ¥
PUTLZ02 200 ) Y +PSET

retums an error becouse the rectangular pixel area cannot be physically moved 1o the specified rectangular pixel
area (e, (200, 20070 — {300, 300)),

& 17 your use PEHT with 8 viewport (see VIEW), all coordinates must be within the parameters of the viewporl o
you'll get an llegal Function Call error.

Examples
PUT with PSET

1@ DIM VZIE3)

15 SCREENM @

1? CLR

20 CIRCLE (30.,38) .10

30 GET (1d.1@)-149.48) VT
4@ FOR I=1 TD S@@: NEXKT I
5@ CLR

E@ PUT (118,+11@) VZ,PSET

7@ FOR I=1 TO S@@: MNEXT I

In this example, the circle is drawn, stored, moved and re-created, First the white-bordered circle appears in the
upper left comer of the screen {position (30,30} — program line 20). After a couple of seconds (because of the delay
loop], it disappears and then reappears on the screen — (110, 110} — program line 60

What specifically happened ix:
1. An array was created (line 10,
2. A circle was drawn (line 20).

4. GET - The circle which was within the source rectangular pixel arca. as specificd in the GET statcment's
parameters is stored in the armay (line 30),

4. The sureen is cleared (line 507,

5. PUT — The circle from the array was PUT into the destination rectangular pixel area as specified in the PUT
stutement (line 60) with the PSET option,
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3 SCREEN @

G CLRr

i@ DIM VE(7ea)

20 LINE (ZB/Z@)=-{Z9 1B}

30 LINE (BB +@)-(BQ.BO)

4@ LINE (3@.32)-(30.82)

5@ LINE (12,3)-0(10.80)

B@ GET (@+@)-0(102.1@a) V¥
/¢ FOR 1=1 TO 10@8: NEXKT I
B0 PUT (1B@,120) VX .PSET
98¢ FOR I=1 TO 1@@8: MEXT I

Diraws four lines. GET stores the lines in the rectangular pixel area. PUT moves the lines to another rectangular
pixcl anca,

SCREEN
Selects Screen

SCREEN lets you set the proper screen. SCREEN () selects the Graphics Screen; SCREEN | selects the Test Screen.
Any value other than [0 or | with SCREEN gives an errar

SCREEN is convenient 0 use when you want to display either a Graphics Screen or a Text Screen. For example,
you may have run a program and then added to it. With SCREEN, you can remove the graphics display, sdd to the
program, and then return to the Graphics Screen.

Whenever BASICG wics w display o cliaacier on the Text Screen (like o an INPUT or PRINT statement, the
sereen is autornatically set to the Text Screen. If the program is still running after executing the statement. BASICG
will revert to the screen that was in effect prior to executing the statement.

Examples

10 SCREEN 1

20 LINE (15@+150)=-1200,202)
The computer executes the short program but the Graphics Screen cannot display the graphics because of the
SCREEN | command. To display the line. tvpe: SCREEN 0 (ENTER)
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1@d& CLR

2@ SCREEN 1

30 LINE(1@.181-(255,191)

4@ LINE(@,1911-0255.d)

0 AS=INKEY®: IF A$=""THEN 5@

G@ SCREEN @

7@ A%=INKEYS: IF A%="" THEN 70

B@ GOTD 1@
The computer executes the program (draws two intersecting lines) but the screen cannot display the graphics because
of SCREEN 1. By pressing any key. the graphics are displayed because of SCREEN (),

5 CLR
18 CIRCLEI(Z@2:,100) 100
2@ PAINT (202,100} :"44" 41

Now run the program and type:

SCREEN @ (ENTER
This command turns the Uraphics Screen ON, By entering the SCREEN | and SCREEN 0 commands, you can
alternately tum the Graphics Screen OFF and ON without losing the executed program display.

VIEW (Command)
Redefines the Screen (Creates a Viewport)

VIEW creates a ““viewport” which redefines the screen parameters (0-63% for X and 0-239 for Y). This defined arca
then becomes the only place you can draw graphics displays.

If you enter more than one viewporl, you can only draw displays in the last defined viewport,
Since VIEW 1cdelines the SCREEN:

® CLR clears the interior of the viewport only.

® If you PSET or PRESET points, draw circles, etc., beyond the parameters of the currently defined viewport, only
the portions that are in the viewport will be displayed.

& If you try to read a poant beyond the viewport {with POINTY), it will return a — 1.

® You can only GET and PUT arrays within the viewport,

® You can't PAINT outside the viewport,
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The upper-left corner of the viewport i3 read as (0,0} {the “‘relative origin™) when creating items inside the viewport,
All the other coordinates are read relative to this origin. However, the *“absolute coordinates™ of the viewport, as
they are actually defined on the Graphics Cartesian system, are retained in memory and can be read using VIEW as
a function,

Every viewport has absolute and relative coordinates and graphic displays are drawn inside using the relative
coordinates. For example:

18 VIEW (12@,19@)-(20@:208) 0.1
20 LINE (3@:15)-(B@:E@) +1

(100.100) A.C. (200.100) A.C.
(0.0) R.C. (30.15) {100.0) R.C.
\HL
R.C.
(100.200) A.C. (80,60) (200.200) AC.
(0,100) R.C. {100,100) R.C.
Figure 18

MNote: After each of the following examples. you'll have to redefine the entire screen to VIEW (0,00 —(639,239)
before performing any other Graphics functions.

Examples

VIEH (120:100)-(200 200 :0+1
Dimws a black viewpor (pivels OFF) that is oulined in white (horder pixels ON).

VIEH (10@+100)-(200.:208) +1 1
Draws a white viewport (pixels ON) that is outlined in white (border pixels ON).

VIEMW (S@,S58)-(100,100) 1.0
Draws a white viewport (pixels ON) that is outlined in black (border pixels OFF).

1@ VIEW (164+18)-(6A3+2@2) +0 41

2@ VIEM (5@.50)-0102,100) @41

3@ LINE(RNO(S2@) +RND{19@) - (RND{SED) RND{19@} )

4@ GOTD 3@
First you defined a large viewport that almost covered the entire screen. Next you defined a smaller viewport. The
Random command draws lines within the specified parameters but only the segments of the lines that are within the
parameters of the smallér viewport are visible since it was specified last.

1@ VIEM(8¢,80)-{408,28d) 01
2@ VIEW(100.,90)-(303:17@) :0+1
30 VIEW(1Z20.100)-(200,200) 041
a@ VIEWIS@ 30 -(100 188} +@ 11
Draws four viewports. All further drawing takes place in the last viewport specified
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10 VIEWIZ1@4+BA)-(420+160) 1041

20 CIRCLE(3DQ120) 1801

30 LINE{(15+15)-(B8+ED) 1

4@ CIRCLE(B@.42).58.1

S0 LINE(4@,30)-(500,:30) +1
Draws a viewport. Draws a circle but only a portion is within the parameters of the viewport. This circle’s
centerpoint is relative w the upper left corner of the Viewport and not to the absolute coordinates of the graphics
Cartesian system. A line is drawn which is totally within the parameters of the viewport. Another circle is drawn
which is twtally within the parameters of the viewport. Another line is drawn which i< only partially within the
parameters of the viewport,

18 VIEMW (19@:7@)=(440,180) 9 +1

Z0 CIRCLE (300 .148) 41781

3¢ CIRCLE (100,230 498 +1

a6 LINE (1@.1@)-{500,230)+1
Draws a viewport. A circle is diawn but only 4 purtion |s within the parameters of the viewport. Another circle 1s
drawn and a larger portion is within the parameters of the viewport. A line is drawn but only & segment is within the
patameters of the viewpon.,

&VIEW (function)
Returns Viewport Coordinates

&VIEW returns a corner coordinate of a viewport, It is important to note the parentheses are not optional If you
enter the &VIEW function without the parentheses, a Syntax Error will result.

To display one of the four viewport coordinates, you must enter one of the following values for p:

® () remurns the upper left X-coordinate
® | returns the upper left Y-coordinate
® 2 returns the lower right X.coordinate
® 3 returns the lower right Y-coordinate

Important Nate: When you have defined several viewpouts, &VIEW ouly 1eurns the coordinates of the Tast-defined
viewport,
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Examples
Set up the following viewport:

VIEWLLOD BB ) -(Z220,150) +d.,1

Now type: PRINT &VIEMW(@) (ENTER
Displays: lep
Type: PRINT &VIEMW(1) (ENTEH
Displays: 8o
Enier: PRINT &VIEW(Z} (ENTER
Displays: ZZo
Type: PRINT &VIEW(3) (ENTER
Displays: 15@

Sct up the following viewpons:

VIEH(1@0480)-(220+150) +0 1 (ENTER
VIEWIZ501/0)-(350,220) @41 (ENTER

Wow enter: PRINT &VIEWi@)} (ENTER
Displays: 250
Type: PRINT &VIEW(1) (ENTER
Diplays: 170
Now type PRINT &VIEW(2) (ENTER
Drisplays. 358
Type: PRINT &VIEW(3) (ENTER
Displays: 220
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3/ Graphics Utilities

There are eight utilities included with the TRS-80 Computer Graphics package which are intended to be used as
stand-alone programs, However, if you are an experienced programmer, you can use these with BASICG and

FORTRAN. The source-code for cach utility, that illustrates Graphics programmung techniques, is histed later in this
section.

The Graphics Utilities let you:

® Save graphic displays to diskette.

® Load praphic displays from diskene.

® Print graphic displays on a graphics printer.
® Tum graphics display OFF or ON,

® Clear graphics memory.

To use these utilities from BASICG, wse the SYSTEM command followed by the name of the utility in quotation
marks {eg., SYSTEM"GCLS" (ENTER) and control returns to BASIC Ready. From TRSDOS. enter the utility
directly, without guotation marks (e.g.. GCLS (ENTEH)).

To call these routines from FORTRAN, see the Subprogram Linkage section of your TR5-80 Model 4 FORTRAN

Manual (26-2219).
Utilities
Command Action
GCLS Clears graphics screen.

GPRI Lists graphics on the printer.

GPRT3 Prints graphic display on the printer without
90 degree rotation.

GRON Turns Graphic Screen ON.

Table &

GCLS
Clears Graphics Screen

GCLS clears the Graphics Screen by erasing the contents of graphics memory corresponding to the visible Graphics
Screen. GULY erases graphics memory by writing zeroes (UFF) to every bit in memory. GULS does not clear the
Text Screen (video memory).
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Examples
When TRSDOS Ready is displayed, type:
GCLS (ENTER
or when the BASICG READY prompt is displayed. type:

SYSTEM"GCLS" (ENTER)
ar
199 SYSTEM"GCLS"

GLOAD
Loads Graphics Memory from Diskette

Note: There cannot be spaces within a file specification. TRSDOS terminates the file specification at the first space.

With GLOAD, you can load TRSDOS files that have graphic contents into graphics memory, These files must have
heen previously saved to diskette using GSAVE.

Examples
When TRSLHOS Heady 15 displayed, type;
GLOAD PROGRAM/DAT.PASSWORD:=d
or when the BASICG READY prompt is displayed, type:
SYSTEM"GLOAD PROGRAM®

2

1@@ SYSTEM "GLOAD PROGRAM"

GPRINT
Lists Graphic Display to Printer

GPRINT lers you print graphics memary on a praphics (dot-addressable) printer, such as Radin Shack’s DIMP-100
{26-1253) or DMP-200 (26-1254). Both of these printers have a 94" carriage. However, distortion will oceur when
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Graphic routines are printed with GPRINT. This is because GPRINT is not a true pixel-by-pixel **Sereen Dump'
since the pixel size and spacing on the screen is different from the pixel size and spacing on the Printer. GPRINT 15
a point of departure for vou to obtain hard-copy representations of graphies.

To print graphic displays, GPRINT turns the contents of the Graphic Screen clockwise 90 degrees and then prints,
However, FORMS must be used to set printing parameters.

See your Model 4 Disk System Owner's Manual and printer owner's manual for details on setting printing
PATAMELErs.

Important Note! Do not press (BREAK) while GPRINT is exceuting,

Examples

When TRSDOS Ready is displayed, 1ype:
GPRINT (ENTER)

or when the BASICG READY prompt is displayed. type:
SYSTEM"GPRINT" (ENTER

199 SYSTEM"GPRINT™
For a complete GPRINT sample session, see Appendix D,

GPRT2
Print Graphics

GPRT2 is similar to GPRINT hut is designed for use with wide-carriage (15%) printers such as the DMP-400 and
PIMP-500.

GPRET2 is different from GPRINT in that the image is not rotated 90 degrees and a different aspect ratio is used.
If GPRT2 does not produce the quality of printout you desire, try GPRT3 or GPRINT,
Important Note! Do not press (BREAK) while GPRT2 is exccuting.

Exampies

When TR3DOS Ready is displayed, type:
GPRTZ

or when the BASICG READY prompt is displayed, type:
SYSTEM"GPRTZ" (ENTER

1@@ SYSTEM"GPRTZ"
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GPRT3
Print Graphics (Double on the Y-Axis)

GPRT3 is similar to GPRINT but is designed for use with wide-carriage (15" printers such as the DMP-400 and
DMP-5(00.

GPRT3 is different from GPRINT in that the image is not rotated 90 degrees and a different aspect ratio is used.
If GPRT32 does not produce the quality of print-out you desire, try GPRT2 or GPRINT.
Important Note! Do not press BREAK) while GPRT3 is executing.

Examples

When TRSDOS Ready is displayed, type:
GPRT3

ar when the BAISCG READY prompt is displayed, type:
SYSTEM"GPRT3"

18p SYSTEM"GPRT3"

GROFF
Turns Graphics Display OFF

GROFF wres the Graphics Screen OFF, GROFF is different from GCLS since GROFF simply removes the Graphics
display without erasing the contents of graphic memory. GCLS completely clears graphics memory by writing zeroes
{0OFF) 1o every bit in memory.

Examples

When TRSDHOS Ready 15 displayed, type:
GROFF

or when the BASICG READY prompt is displayed. type:
SYSTEM"GROFF"

1@ SYSTEM"GROPL™
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GRON
Turns Graphics Display ON

GRON turns the Graphics Screen ON.

Examples
When TRSD0OS Ready is displayed, type:
GRON
or when the BASICG READY prompt is displayed, type:

SYSTEM"GRON" (ENTER)
ar
180 SYSTEM"GRON"

GSAVE
Saves Graphics Memory to Diskette

Mote: There cannot be spaces within a file specification. TRSDOS terminates the file specification ar the first space

With GSAVE, the contents in graphics memory is saved under a specified filename which follows the standard
TRSDOS fuemiat, To loud the Mife back into memory, use GLOAD.

Examples
When TRSDOS Ready is displayed, type:
GSAVE PROGRAM/DAT.PASSWORD:@
or when the BASICG READY prompt is displaved. type:
SYSTEM"GSAVE PROGRAM" [(ENTER

or
189 SYSTEM"GSAVE FPROGRAM"
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Graphic Utilities Source Code Listings

opoot
Qoog2
oooo3
0ooos
aopos
0000&
oooo?
ooooae
ooooe
oooio
ooo11
oog12
ooo13
0o001s
oog1s
00016
oog1?
ooo1a
oooie
ooozo
nonz1
00022
gooz3
0002s
ooo2s
Qo00Zs
goazv
oooze
oooze
0oo3ao
Qo031
ooo3z
ooo33
Q0034
0p03s
Co03s
opo3z?
00038
ooo3v
0oDad
oooal
00042
ooos3
Q0044
000as
Qo004 &
ooo0s7?
00048
0oo4w
ooosn
0oo51
oogosz
aoos3
00054
gooss
QoosSs

i GLOAD --

TRS00S:

AFEPEC:
SOPEMN
JREAD:
dCLOSE:
dERROR:
JOSPLY £

X

Yi
DATA:
STATUS:

1
1

GLOAD

FOIV:s

PEECT
PRINT

Macro

MACRO
Lo
RET
ENOM

TREOD

EQuU
EQuU
EQU
EQU
EQU
EQu

Port

EGU
EGU
EGU
EGU

Hﬂln
PUSH

LD
ouT
Lo
LO

This
Only

ouT
LD
ouT
OEC
DJNZ

Lo
Lo
Lo
INC
Lo
LOLR

FOP
1

CP

2&00H

EHORT ,NOMAC

5

a1
-0 B
Z28H

S EVC Egquates

78
9
&7
&0
Zé
10

Equates

BOH
BlH
B2H
B3H

Program
HL
A10H
(234) A

BC:1088H
HL :CRTC+1%

Save graphics display to disk

iModel & QOuerlay area

iTest a 4ilespee

iDpen an existing file
iRead a record

iCLlose & flle

iDisplay an error message
iDisplay a message

iSave pointer from command |ine

iTurm on CRTC ports
iLoad 1& Regs and point to control port
iLoad backwards

code progrems the CRTD Chip for BD = Z4& screen

required ftor Model

(C):B
A (HL)
{137):A
HL

Folv

HL »FCB
(HL) 004
DE sHL

DE

BC:32

HL
A 00H
(HL)

11l Graphics Boards

iSelect Data Reaister in CRTC
iGet the data

iStore that in the CRTC

iMove to previous entry
idgcrement counter

iPoint at the FCB

iZerag the butter

iBuild destination pointer

iCopy first byte to second position
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nnasy JR ZERROR

oposse Lo CE.FCB

oooss TRSO0S AFSFEC iMove tilspec to FCB and do & swntax check
ono&sn R WNZ JBOMB

ooosl

O00&ZE Lo HL sBUFFER

000&3 Lo DE .FCHB

O0D&4 Lo B:0O

COD&S TRE00S a0FPEM iOpen file |4 It exists, else create one
D00&& 1B NT .BOMB

o0no&e7

0o0&s Lo A OB3H istatus = inc X atter write
o0& ouT {STATUS)Y 1A

goovo XOR [

ooav7l ous [ T 1 iinlt X &Y to zero

aoo72 out (%38

goovs LO E:& icaunter for X values
goo7s LO .80 iB0 X values

ono7s LG B.7% 175 Adisk records for entire BErEBEN
ooove MYXTREC: PUSH 0E

oooe? LD 0E.FCB

[afulade:] TRSO0S QFELD i@ead a rerard from disk
ooore POP DE

oooan JR NI .BOMB

nooei L0 HL .BUFFER

oooaz LD C:B

oooa3 La B:0 {254 bytes per recard
ooaBe& MERPH : Lo B, [HL]

pooas ouT (OATA) A

00o08as I1NC HL

ogoe? 1MC E

oooes L &,E

gooas CP 0

pooeo J= NI EGEPH iSame row?

ooas1 X0OR &

goosz LD E.A

goos3 ouT (X))l iNe=t row. Set X tn zern
J0o094 LD AL YPOS)

0009s IMC &

COD%& LD (YROE) + A

coas? out (YY) A

ocoose EGRPH: DJNZ NERPH iGo set mext graphics byte
opass LD g.c

coi100 J4MZ NXTREC iGo read next disk record
coital

goLo2 EXIT: LD DE .FCB

ggi03 TRSDOS aCLOSE

00104 LD AOFCH iStatus = arapkhics att: no waitsy no incs,
oo1as cuT (ETATUS ) . A

anios Lo A (EFLAG)

apiaz La LA

ooioAe Lo H.0

0oi10% P H

ogdi10 RET iReturn to TRSOOE or BASILC
oo111

0D112 i Error exits

oD113

00114 ERROR- LD HL « PR PEM iCamrlain

0011s TRSDOS abOsPLY

ooiils JR EXIT
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ooty
ooiis
poily
ooLz0
ooi121
polz2
ooiz3
00124
00125
00124
goLZ?
gDi1ze
oo1ze
0oL3o0
ooL3l
0013z

BOMB «

PaRM:
EFLAG:
¥ POS:
FCB:
BUFFER:

CRTC:

Lo
ar
LD
TRSO0E

[l
o

DEFM
QEFB
CEFB
OEFS
DEFS

OEFB

END

Model 4 Computer Graphics

(EFLAG! A
DCOH
Cil

HERROR iDisplay error messaoe
EXLT

‘Fllespec resulred™’
x|

n]

32

254

¥¥,80,85.8,25,4,26.,0,%+0,0,0:0,.0.0

GLOAD
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noooni1
ooooz
oooos
Qoo
oooas
oooos
ooooz?
obooa
oooas
oooio
00011
oooiz
goo13
oo0o1s
ooo1s
0001&
gaoiv
gnoLis
aooiw
00020
0002i
ooozz
oooz23
oooZs&
ooozs
Qoo2s
QoozZ7
0ooza
oooze
ooo3o
o003t
ooo3z2
ooo33
0oo3s
ooo3s
goo3s
ooo37?
goo3a
ocooay
000480
000&1
0004z
oooa3
O00&&
00osas
00044
00047
00048
0oo0&4%
goosg
00051
ooosz
ooos3
ooo=s
oooss
ooosa
ooos?
noosa
ponse
000s0

ESaVE --

TRSDOS +

aFBPELC:
SIMIT:
aWRITE:
aCLOSE :
FAERROR:
abDSPLY :

Xt
Y

DATA:
STATUS

GSAVE:

FOIV:

PSECT Z2&00H
PRINT SHORT s MOMAC

Macros
MaCRO #1
Lo L3
RET Z28H
ENDOM

TRSOOE SUC Esuvates

EGU 78
EQU S8
EGQU 78
EGU &0
EQU 2k
EQU id

Part Emuates

EGU B0OH
EduU BiH
EGU 82H
EQLU 83H

Main Program

PuUsSH HL

LD As 10H

ouT {2340.4

Lo BC.1088H
Lo HLCRTC+15

Graphics Utilities

Save graphire displavy to disk

iMode! &4 Ouerlay area

iTest a tilespec

iflpen arn existing tile:, Or crEate a new GRE
iWeite a record

iClose a tile

iDisplay an 8rrAr meSSagd

idisplay a2 message

iBave poirter fram command |ine

tTurm an CRTC paorts
;Load 14 Reas and point to contral part
iLoad khackwards

This code proarams the CRTC Chip tor B0 x 24 scrieen

Only resuwired ftor Model

ouT {C) B
LD Ay (HL)
QuT (13T A
DEC HL

0JNZ FO1V

L0 HL .FCB
Lo {HL} . 00OH
Lo 0E s HL
INC OE

Lo BC .32
LOIR

POP HL

LD &3 DOH
cP (HL)

JR Z ERROR
L QOE:FCB
TRE0O0S aFSPEC
JR NZ BOMB

11! Graphics Boards

{Select Data Fegister in CRTC
iGet the data

iStare that in the CRTC

iMgue t0 previous Entry
idecrement counter

iPogint at the FLB

iZerg the butfer

iBuild destinaLlian painler

iCoey tirst byte to second positian

iMove filspec to FCB and do a syntax check
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ooos1
00062
000&3
D00&s
Q00ss
0oD&s
ogos?
Qon&e
aoos®
ocoro
ooovL
o007z
poo7?2
0nova
ooavs
ooovée
ogay?
goave
goove
aooso
oposet
Qooaz
opoes
ooo0as
oooes
opoeas
coga?
ooooo
ooocas
0ooT0
ooo071
ogo%e
Doow3
000v4
0oaTs
000%4&
goow7?
onowe
0009
ooioo
00101
00102
0oi03
0010&
oDi0s
00i0&
oo10%
gaiga
oo10%
ooiio
00111
00112
00113
Oollsé
ogLLis
00114
oo117v
goLie
ooils
0oi120

HETREC

HNGRPH

EGRPH:

EXLT:

ERROR:

BOME «

LD HL :BUFFER
Lo DE.FCB
LO B.0
TRSDOS QINIT

JR NZ BOMB
LC 4, DE3R
ouT (STATUS) &
XOR L]

ouT (K)o

ouT RSN

LD E.A

Lo 0.80

LD B.75

Lo HL : BUFFER
LD CB

LD B.0

IN &, {DATAY
LD CHL ) 4
INC HL

INC E

LD 4,.E

CP 0

JR NZEGRPH!
XOR =

Lo Esis

ouT ST

LD A1 (YPOS)
INE [

Lo (YPOS) . A
ouT ()b
DJNZ HERPH
PUSH OE

LD DE:FCR
TREDOS QWRITE
POP DE

JR NZ sBOMB
LD B.C

O JINZ NHTREC

LB DE . FCB
TRS00S QCLOSE

LD AOFCH
ouT [STATUS) . &
La Ay IEFLAG]
LD Loy

LD H:0

OR A

RET

Error exits

L1 HL s FARM
TRSDOS S0SPLY

JRE EXLIT

Lo (EFLAG) 1A
Or DCoH

Lo Caly

Model 4 Computer Graphics

iOpen +1le 1% it Eexists, @lse c-eate gne
istatus = ing X atter read

ilnit X & Y ta zerno

icounter for X values

180 X values
175 disk records tar entire screen

1254 bytes per record
iGet mext gsrephics bBrte

i and put in butter

1Same row?

iNext row. Set X ta zero

iGc get next araphics byte

ilrite a record to disk

iGo 111l bulter tor next recaord

iStatus = graphics ottt ng waits, N Incs.

iTest Error byte
iReturn ta TRSO0S or BASIC

iComplain




Graphics Utilities

00121 TRSOCE GQERROR ilisplay errar message
00122 JR EXLT
gg123
00124 PaRM : OEFM '‘Filespee reguired™’
0o12s EFLAG: OEFB L
00128 YPOS pEFB o
0127 FCB: DEFS JZ
0Li26 BUFFER: DEFS 258
poLze

ooi30 CRTC QOEFB 99:80:85:B8:25:4:24,0:9:,0,0,0,C.,0.0
oo131
pol13z2 ENDO ESAVE
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poool
0oooz
oooas3
noooa
oooos
oogos
oooow
ooooa
ooooe
oooilo
oao1i:
ogolz
ogooi3
0o01&
0o01s
oool1&
goo1v
oooia
ocoole
0o0zao
DOo0Z1
oopz2
pooz3
00024
oooze
0o0Zs
oooz7?
cooze
oogze
Qog3n
0go31
ooo3z
0oo33
Doo3s
0go3s
DOo3&
goo3r
oooze
oog3%
ogo&0
OO0l

i GROM == Ty

TRS005:

STATUS:

EROM

FDIV:

CRTC:

PEECT
PRINT

Macro

MALCRD
Lo
RST
ENDOM

Port
EGQU
Main

LO
ouT
Lo
LD

This
Only

ouT
LD
auT
DEC
oJNz

Lo
ouT
XOR
La
RET

JEFE
END

Model 4 Computer Graphics

e On graphice display with wairte nm

Z&00H iMode! & Ouerlay area
SHORT « NOMAT

§
L1

A8l
ZBH

Equates
83+
Program
A 10
1236) 44 iTurn on CRTC ports
BC,10B88H iLoad 1& Rewgs arnd point to eontrol port

HL :CRTC+1% iLoead backwards

cade programs the CRTC Chip for BO = 24 screen
reauired fgr Mode! 11] Greshics Boards

(Cy:B iSelect Data Resister in CRTC
AL tHL) iBet the data

(1373 .4 iStore that in the CRTC

HL iMove ta previous entry

FOIw ildecrement coumter

AOFFH

(ETATUE) . A

'y

HL .0

iReturn ta TRSOOS ar DASIC
¥¢.80.,8%.8.2%,4,24.,0,%,0,0.,0:0.:0:0
ERON
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0oDo1
ooooz
0oog3
0o0o0s
oooos
pooos
oooo?
ooooBe
ooooy
opoio
poo11
goo12
ooo13
00014
goois
pootis
oooiw
ooois
gooise
goozo
gogoz1
1] 1
gooz3
aoozs
ooozs
0002&
ggozy
oooze
0ooze
oogo30
goop31
poo3z
pooo33
ooo3s4
gao3as
goo3s
ooo37
poo3a
goo3s
ooosD
0CD&1
000sz2
oCos3
00044
oo0ss
OoD&s
pogss
poose
ooo&s
apasn
goaosi1
oooszg
goos3
goos4
oonss
0o0ss
0oos?y
poosa
oonss
000&0

i GPRINT --

TRE0OS

aFRT:

aAPRINT
adFLAGS:

Y&
DATA:
STATUS:
i

GFRINT

FOIW:

PSECT
PRINT

Maeros

MaCRO
LD
RST
ENDOM

Z24600H
SHORT s NOMAC

#1
Al
Z8H

TREO0S SVYC Egquates

EGU
EGU
EGU

&
14
i01

Fort Ecquates

EGU
EGQU
EQU
EQU

BOH
aiH
a2H
a3

Main Procaram

LO
ouT
LD
Lo

A, 10H
(23614
BC: 15

HLCRTC

Graphics Utilities

Print srapkics screen to sraphics printer

iMade| & Querlay area

iPrint & character on the printer
iPrint @ |line Bn the erinter
iPaint to system cantrol tlags

iTurn on CRTC ports

This code proarams the CRTC Chip for B0 x 24 sereen

Only

Lo
ouT
Lo
ouT
INC
INC
LoD
cp
B

LD
ouT

Call

HOR
QuT
L0
Lo

Set the
Lo

TREO0S
JP

required for Model

BB
(1360 sA
B CHL )
(137).A
HL

B

AsB

C
NZFOLV

& 00BH
(STATUS) ;4

INLTBF

&

(XA
(BPOS) A
(HLOC) &

printer to start

Cs12H
dPRT
NZ s BOME

Ill Graphics Boards

iProgram CRTC chig for BO by 2&

i0utput a Control byte to cause
i ¥ to automatically dec. on a read

iZeérd Brint butter

iSet A to O
ilnitialize the X position

H - " bit position
~ r - w

location counter
araphics mode
iBeain Grashics mode

iQutput Character
iPrinter Mot Ready
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QC0&i
caosz
oopos3
000&4
Qo045
000&s
o0os?
idedu =]
0oos%
00070
oocovi
goov2
oogv3
0ogvé
0oavs
0oo7ée
ooaee
oogve
oogve
ooagso
ooaoen
0oaaz
oooa3
Qo084
oooas
00o8&
oooa?
Qo0s8sa
oooas
oooso
ooa91
0002
oooe3
o00o%4
oooes
00094&
oooev
ooose
goase
ooion
00101
0pi0z
oo103
00104
0o010%
ooiosa
ooio?
goiose
onio0e
oo110
00111
nn112
00113
oo114&
nni1s
0011&
ooi17
ool1ie
go119
0o1Z0

FOIVL:

COL UMK

DECJ:

PAST:

SETO:

FRMNORS:

Model 4 Computer Graphics

Turn oft international sharacter set translation

TRSOC0S aFLAGS

LD Bl IY4B) iCet IFLAGS
Lo (OLD) o & iSave a copy ot the current settings
RES S IY+8) iTurn aft bit & (Intl. Translation]
Lo 1¥.BUFFER ipoint [X at the printer butter
LD B:240 igo throush a whale column of bytes
LD &:B iPut valye in A and decrement
DEC & I 80 it can be put out as
QuT {Y)sh i the ¥ position
Lo HL s MASK iPaint at character mask
IN A [DATA) iinput & graphics byte
AND {HL} ichop oft all but proper Bit
CalLl PO LSETD iit result is odd parity set hit O
i otherwise bit A is O
Lo HL :BPOS ieoint HL at the bBit sceition
PUSH BC isave reaister B (tor OJNZI |oge)
LO BisiHLY iget count
INC B ilnerement (in case it 15 N}
0EC B imoue bit |left BPOS number of times
JR Z:PAST ilf done: move an.
RLC - imaoue hit lett pne pasitinn
JR DECJ irepeat loop
POP BC ioet |oop counter back
oR {1X) imerae A with byvete Bt printer hutter
Lo (1K) 8 ieut meresed result in Butfer
INC IX ilnerement buffer pointer
O0INZ EOLLIMN icantinue [oAp
LD B 7 iSee |1 BPOS has gaotter tao B.
INC (HL } H I¥ |t khae (printer uses 7 khitg)
cP {HL} i grint the butfer and reset
CalLL Z s PRNORS H BPOE to O
Lo L MaSK iAfter gEtting B vertical row of bits
RRC (HL} i rotate the mask right aone position
Lo &« ATH iChecrk to cee |+ ity bBask o
CP {HL ) i it's original value:, it not
JR NZ.FOIWVL i oo get another row of bits
Lo . (¥LOCY il¥ sns get X poe (ta insremenmt it)
cP i iCheck toc see if we are at the end...
Je Z:BYE
1NC o iothecuigl inceoment the ¥ coumte-
LD (XLOC)Y A iand store it back
QUT (XD ialso update the port value
R FDIVL incw mo net another row of bits
Lo Bl iset A to kinary 0000 0OO1
FET i anmd return

This routine edits the print butfer to resouve tralling blanks
and then sends the data to the printer

LD HL ;BUFFER4+Z39 iSet up the

La 0:00H iPrimt termimnater

Lo B.239 iStart testing

Lo A BOH iTest amainst nothing
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Graphics Utilities

oo121 CLEAN: CP (HL} ibnything there?

oo1zZe Jk MNISTOF iFound something to Print

00123 Lo (HL) O iThen aet rid ot It

00OlZ24 OEC HL

golzs DJINE CLEAMN iShorten the | ine as mutkh as possible
D01Z& STOP: LD HL s BUFFER iPoint ta the start ot the text
poLz? TRSODS aPRINT iPrint the comtents ot BUFFER and do a C/R
gooizZe XDR =] iclear A

goize LD {BPOS) A ireset Bit position counter

goi130

ooi3l i Ilnitialize the Printer Butter

00132

00133 INETEBF: LO HL sBUFFER iPaint at the bui¥ter

Uul3a Lo {HL ) »BOH iFill the butter with x*BO°*

00135 Lo OE s HL iBuild destination pointer

00134 INC DE iCopy tirst byte to second paosition
goLav L0 BL » Z3% iZero Zal bytes

ODL38 LOIR

ooL3v RET

JDiL&0

OD1&1 BYE: caLL FRNORS

Ooo0i&z2 Lo C+1EH iEnd Graphics Print Made

00143 TRSOOS aPRT

00144

00145 BOMB La A:OFCH iStatus = graphice ottty no waits, no incs
ODi4as ouT LSTATUS ) A

00147

oD1s8 TRSD0S aFLAGS iPoint to system flags again

0014% LD AL LDLD) ibet old contents ot IFLALS

0o1s0 Lo (1Y+B)] . A iSet things back the way thkey were
00151

ooisz LD HL .0 iZero Return Code

gois3 RET iReturn to TRSODS or BAEBIC

00154

ooLss

0oiss MaASK : DEFB BOH iMask tg use im extracting bits
00157 BUFFER: DEFS 240 iPrinter data butier

00158 DEFB aoH iTerminator tor Print Line

ago159 BROS: QEFB 1] iBit position in printer butter
00140 XLOC: DEFB o iCurrent X location wvalue

00141 oLO: CEFB ] i0ild contents ot IFLAES

00142

00143 CRTC: OEFB FF:80 858,254 2424 ,0:%,0.0:0.0,0:0

001456

00145 END GPRINT

)



ooooi
ooooz
oooos
oooo0&
oooos
0poos
oooo?
ooooe
0ooos
oogio
oogiil
oooiz
00013
00014
nooils
0o00is
oooiy
oooie
oooLy
ooozo
0ooz1
oonzz
oooz3
0ooza
0O0ZEs
0o0zZ&
oooz?
oooza
pooz29
ono3o
ooo31
0003z
ooos3
00034
Qooss
oon3s
Qoo37
ooo3e
ooo3s
ooosn
00041
ooosz
0oo43
00044
ooo4s
00044
oooaT
opgas
oooss
oposao
goos1
ooosz2
ooos3
oooss
oanss
goose
ooos?
ooosa
oooss
afafal™s}

i GCLS == Clgar asraphics screen
PSECT 26004
PRINT  SHORT.NOMAC
§ Maeros
TREDOS: MACRO #1
Lo Aa#l
RST ZBH
EMNDM

i

X

¥a
DATA:
STATUS:

INCY®
INCXY =

BELS:

FOLV:

QUTER®
INMER =

Model 4 Computer Graphics

Paort Equates

EQU
zaU
EGU
EQU

EGQU
EQl

2hol

81H
82H
83H

TOH
30H

Main Program

LD
QuT
Lo
Lo

A+ 10H
(238004
BC:1088H
HLCRTC+15

iMode! 4 Querlay area

iTurn on CRTC ports
iLoad 1& Regs and point to control port
iLocad backwards

This code programs the CRTC Chip for BO » 24 screen

Only reguired for Maode|

auT
L
ouT
DEC
0JNZ

LO
QuT
XOR
ouTt
ouT
Lo
LD

L]
™

ouT
DJINZ
LD
ouT
XOR
QUT
QuT
LD
ouT
XOR
Lo
0JNZ
La
ouT

(LB
Aas{HL)
{137).A
HL

FOlv

A INCY
(STATUS) A
A

AT
(YDA

B .80

C.B

B:237
(DATAY . &
INMNER

A [NCXY
(STATUS! 1A
&

(DATA) &
IRRET

A INCY
(STATUS) &
A

B.C

QUTER

Ay OFCH
(STATUS) A

[l] Graphics Boards

iSelect Data Remister in CRTC
iGet the data

iStore that in the CRTC

iMove to previous entry
iDecrement counter

iSet graphices status!
i Graphics oft: waits otts inc Y

iSet X L Y address to O
i80 X addresses

1239 Y addresses. Z&0th done atter looe.
iZero graphics memory

iGo clear next Y

iSet status ta ine X & Y atter write

iand clear last (Z&0th) ¥ address
iSet Y back to zero
ifeset status to inc ¥ only

iBo clear next X
iSet statust graphkics offt, Ao waits, no ince




0oas1
oogseZ
000&3
Q0054
Q00&5
000&a&
Q00s&7
o00s8

CRTC:

X0R
Lo
RET
DEFB

END

HL:D

Graphics Utilities

iReturn to BASIC or

TREDOS

‘?chﬂl:l-sﬂﬁrﬁl?E:ﬁ.Z-ﬁ.E&:ﬂ:q-I:I-l:l:ﬂ-l:l-ﬂ;l:l

ECLS

6l



goooi
ooooz
oooo3
goods
oGoos
0o0o&
poog?
goooe
oooos
oooio
goadii
gogiz
oooi3
Oodils
ooois
ooals
goaga?
goaie
oag1s
adozao
ooozi
gopz2
uogz s
00024
goozs
udpzs
oapzv?
oooza
oogzw
ooo3o
ooo31
Oooaz
ooo33
0oo03s
ooo3s
00o3s
ooo3v?
oogas
ooo3s
0oosn
ouO&1

Model 4 Computer Graphics

i GROFF == Turn graphics display off with waits ott

TRSDOS:

L
STATUS:

GROFF

FOIv:

CRTC:

PSECT Z2&00H iMoce!| & OQOuerlay area
PRINT EHORT s NOMAC

Maecros

MACRO Wl

LD Arml
RST Z8H
EMDM

Port Equates
EQU B3H

Mein Prosram

LD &:10H

LT (Z236) 8 flurnm on CRTC ports

Lo BC,1088H iLopad 1& Hegs and point ta control port
LD HL:CRTC+15 iLoad backwards

This eode programs the CRTC Chie for B0 x 24 screen
Only reguired for Model|l |1l Graphice Boards

ouT (CyB iSelect Data Register in CRTC
LD A (HL ) iGet the data

ouT C137) A iStore that in the CRIC

DEC HL iMouve to previous entry

DJNZ FDLWV ilecrement counter

LD AOFCH

ouT {STATUS) A

EKQK a

LD HL :0

RET iReturn to TRSO0S or BASIC

DEFE F¥.80.85,8,25,4,24,0.,%9,0.0,0.0.,0,0

EMD GROFF
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Graphics Ultilities

poooti i BGPRTZ == Print graphics X horl|zontal

ooogz

pooo3 PSECT Za00H iMode!| & Overlay area

ooogs FRINT SHORT s NOMAC

pooos

goooDs | Maeraos

oooov

gooose TRSDOS: MACRO #1

gooos LD ARl

oooL10 RST 28H

oooii ENDOM

oooi2

gooLs : TRSD0S SVWC Esuates

poois

ooois aPRT: EQU & iPrint a character on the printer
poois aPRINT: EQU 18 iPrint @ |line an the printer
gooLv SFLAGS: EQU 101 iPoimt to system control +lmgs
oooie

goo1w i Port Equates

ooozo

oDD21 M= Eay BOH

goozz Yiu EQU BiH

oooe23 DATA: Eau B2ZH

goozs STATUS: EQU B3H

0oozs

0oozZs H Main Program

ooozy

pooza GPRTZ: LD a:10H

ogooze ouT (238) .4 iTurn an CRTC ports

ooo3o LD BC.1088H iLoad l& Ress and point to control part
ooo3 LD HL:CRTC+1% iLoad backwards

goo3z

pop33 1 This code programs the CRTC Chip tor BO % 2& screen
ogoo3é P Only regquired tor Model Ill Graphicas Bpards

goozs

ooo3s FDIV: ouT {C).B iSelect Omtea Resister in CRTC
goo3w LD A CHL) iGet the data

pooza ouT (137 )44 iStore that in the CRTC

poo3as DEC HL iMove to previous entry

0oo40 OJNZ FDIV ilecrement counter

oooél

gooaz H Set the printer to start srephics mode

00043

00044 LD Cs12H iBegin Graphics mode

00045 TRSDOE aPRT iOutput Character

00D&& JR NZ ;BOMB iPrinter Not Ready

0oos7

poo4a i Turn off international character set translation
oooss

gooso TRSCOS aFLAGE

ooos1 Lo B, 1v4+8) iGet IFLAGS

oposz LD {0LD) A iSave a copy ot the current settings
pogs3 RES &r{1Y+B) iTurn gttt bit & (lntl. Translatian)
00d5s4

oooss i Open Video Memory

oooss

Qoosv? LD C.0 iGraphlcs Y address

ooose LD &:0E3H i0pen RAM with video waits
00o0s% ouT (STATUS ) &

Joosd
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ooos1
00062
000s3
Q00L&
000&%5
000&s
ooos’s
000&8
000&%
00070
noovi
aoov2
0oo73
0007v4&
0gavs
00o7vs
goavy
goovya
gaovys
oopeo
oposi

oooaz
oooe3

BERES

oDoBé
gooaT
paopas
gapas
oooso
ooos1
ooos2
ooos3
00074
pooss
poose
ooosy
poase
opooss
poioo
ooio1
ooioz
ooio3
ooins
ooios
ooins
ooi07
ooios
ggiow
ooii0
ooiii
ooi112
00113
oDi14
00115
DoLis
0o117?
golia
oo11%
ooizo

MEWLM:

MEWRW =

BYTELl:

81T

DONE

BoMB:

Model 4 Computer Graphics

Initialize the Printer Butfer

PUSH
LD
LD
LD
INE
LD
LOIR
POP

LD

LD
ouT

BC

HL :BUFFER
{HL } »80H
DE + ML

DE

BC: 439

BC
0.1

Ly
(Y)s8

C

HL : BUFFER
A

(XD A
B.80

BC
A (DATA)

E:Bon
hlc

E
Z0OFF
a0
(HLJ
{HLY A
HL

E
NZBIT
BYTE1
BC

A, 260

c

£+ DONE
o

P yNEWRY

PRINT
NZ BOMB
MEWLM
PRINT

Cr1EH
aPRT

& 0F CH
(STATUS) . &

arLags
A, {OLD)
(IY+8) A

HL »0

iSave BC
iPaint at the butter
iFill the butter with ='B0O/
iBuild destimnation pointer
iCopy tirst byte to secaond position
iZero &40 bytes
iFestore BC

iBit in buf to set

ilpdate ¥ address

iFestart X eddress
iGet BJ graphics bytes

iSave Y & loogp counter

iSave graphics bwta i C
:alt bits left to rlgﬂl

iSet bit in buffer
iHext butter briw
iMext bit

iLast Y address?
IiHext Bit In Butfer

IPrint buffer
iAn Brror Ooccuwrred.

tEnd Brephice Print Mude
iWe do not care 't this one tails,

iStatus = graphics oft» no waits: Po incs
iPoint to system fless again
iGet old contents ot IFLAGS

iSet things back the way they were

iZera Return Code




Do121
oDo122
goir23
00124
0oL2s
Ooo12&
goLe?
poize
oo129
ooi30
ooi3t
pDoi132
00133
00134
00135
0013&
oo137?
gni13s
oo139
0o0i40
00141
00142
0D143
00144
00145
O0014é
00147
ooisB

PRINT®

Proive

STOPa

CRTC:

oLD:
BUFFER :

RET

PUSH
Lo
Lo

Lo
cP
JE
DEC
BEC
LD
oR
JR
INC
Lo
Lo
TREDOS
FoP
RET

DEFE
DEFE
CEFS
DEFE

END

BC

HL BUFFER+&3%
0.00H

BC. &40
ML)
BOH
MZSTOP
BC

HL

4,8

C
NZ:PFDIV
HL
{HL ]} - ODH
HL ;BUFFER
APRINT

BC

Graphics Utilities

iReturn ta TREDOE or BAGIC

iPoint to the end ot the butter

iKey on the terminatar

iSet counter

iLook at a Lyim

ils it a mathine?

iThen stop

iDecrement counter

ilecremént polnter

iSem if we are conm

iWel | 7

iLoop tor more

iMove pDinter beck one

iLoed a terminatar aftter last valid byrite
iPoint at the text to be printed

iDisplay it

iDones exit

FF¥:80:85:0:25 426+ 26,0:7:0:0:0:0+0,0

0
&&l
aoH

GPRTZ

iQld contents aof [FLAGS

iCarriage return
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pooo:
Doaoz
ooons
DoDD&
ooaos
0ooos
oooo?
ooooa
goooow
ooolp
oooli
ooD12
00013
00014
0ooi1s
0001&
oooiy
poois
ifa]nf i
00020
DDDZ21
ooDoz2
oooz3
DOD2&
poozs
DoozZs
ooozw
ooozae
oooze
ooazo
ooo31
ooo3z2
ooa33
ooo03é
ooo3s
00034
ooo3aw
ooo3a
oon3s
oooDsn
0oD&1
0ooDs2
Q0043
DOD&&
0ooLes
gopas
o00&7?
oopse
000&%
a0o0s0
poosi
goosz2
00os3
oooss
0ooss
Dooss
ooos?
ooasa
goosy
falaln]

Model 4 Computer Graphics

i BPRT3 == Print graphics X horizontal double ¥ axis
PSECT 2400H iMode! &4 Overlay aresa
PRINT SHORT » NOMAC
i Macros
TRSDOS: MACRO #1
LD T
RET 28H
ENDM
H TREDDS SVWC Equates
IPRT: EaQu & iPrint a character on the printer
BPRINT: EQU 14 IPrint @ |ine on the printer
aFLABGS: EQU 101 iPoint to system contral flags
i Part Egquates
W EQU BOH
¥ EQU aiH
DATA: EQuU B2H
SETATUS: EQU B3H
i Main Program
EPRT3: LD Ay 10H
ouT {Z235) 4 iTurn en CRTC parts
Lo BC.1088H iLoad 14 Reas and point to eontral port
LD HL:CRTC+15 iLoad backwards
i This code programs the CRTC Chip for BO x Z& screen
i Only required tor Model []1] Graphics Boards
FDIVa ouT (C),B iSelect Data Register in CRTC
LD By LHL Y iGet the data
ouT (13714 iStore that in the CRTC
DEC HL iMBwve to previous entry
DJNZ FDIV iDecrement counter
H Set the printer to start graphics mode
LD Csl2H iBesin Graphics mode
TRSDOS GPRT iQutput Character
JR NZ sBOMB iPrinter Not Ready

Turn ott

TRSDOS
LD

LD

RES

international

ar LAGS

Ba{lY+8)
(OLDY »A
S (IY+B)

Open Videa Memary

Lo
Lo
ouT

c:0
A OE3H
(ETATUS) : A

character set translation

iGet IFLAGS
iSave & copv Of the current settines
iTurn ottt Bit & (Intl. Translation)

iGraphics Y address
ildpen RAM with video walts




000&1
ao0s2
00063
Q00&4&
000&S
000&&
ooo&y
000&8
0po&w
0oovo
0dovl
ooovz
oaoys
0o07e
ooovs
0oove
oooyy
goova
oonye
oaosa
naosaa
nanaz2
oo0ae3
1 fafu]=TY
nnnas
Doo8s
aoosy
nonoaA
ooosas
0o0gs0
00091
ooowe
Oocoe3
ooosa
oooes
oo09s
ooos7?
oppse
oposs
Qo100
o0i01
0o102
goigz
0o0104&
oo10%s
OD10&
ooLo?
00108
ooLo%
ooiio
oo111
ooi1z
o0i113
00114
aoi1is
golls
o0117?
Q0118
ooiiv
oo1z20

MEWLM:

NEWRW =

MELIF1 2

BYTE :
BYTEL®

alT:

OFF :

Graphics Utilities

Initialize the Printer Bufter

LD

PUSH
PLISH

DJNZ

SLA
SLA
JR
JP
LD
AMD
Lo
JR
Lo
JR

D:3

Bc

DE

HL :BUFFER
{HL) +BOH
DE . HL

OE

BC,&37

DE
8C

&C
(Y08
AsdOH
o

Z:NEWR1

c

HL +BLIFFER
A

(X) sy
B8N0

Ayl

[+]

N7 :BYTE
Drb

B

&, (0ATA)
C:a
E:B0H
a,C

E
2.0FF
a,0
tHL
CHL ) ¢ &
HL

0.4
MZ ;MEWRW
0.3
ENDRZ

iBiti{s) In but to set

iSave BC

iPoint at the butter

iFill the bufter with x*B0*
iBuild destination peinter

iCopy firat byte to second position
iZero &40 bytes

iRestore BC
ilpdate Y address

ilt printing row Becond time
i Mowve to next row

ifestart X address
iGet BAD graphira hvites

iSave Y & loop roumter

iSauve graphics bByte in C
iGet bites lett to right

iSet bit in butier
iNext butter byte
iNe=t bit

iLast Y address?

iNgxt bit Iin butfer
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ooiz21
oDo122
0oLZ23
oo124
ooL2s
DoizZ&
oolz?
ooi1zse
oo1z%9
00130
00131
00132
oo133
00134
00135
o013&
ooLavw
0o13a
oo13%9
goi40
o1&t
00142
oois3
00146
00145
0D14&s&
0oL&?
ooi48
00149
ooiso
ooisi
opis2
0oi1s3
0015&
an1ss
00158
ao01s7?
go1s5a8
001597
oo1s0
ooisl
DDi&2
00143
00144
001465
Onl&é
00147
oo1s8

ENDRU:
ENDRZ+

DONE s

BOMB

PRINT:

PFDIW:

STOP:

CRTC:

OLD:
BUFFER+

LD
PLSH
CaLL
POP
JR
JR

CaLL

LO
TRSDOS

Lo
ouT

TRSDOS
Lo
Lo

LD
RET

PUSH
Lo
Lo
LD
Lo
CP
JR
DEC
DEC
Lo
OR
JE
INC
LD
LD
TRSCDOS
POP
RET

QEFB
DEFB
DEFS
DEFR

END

Model 4 Computer Graphics

0.1

DE
PRINT
DE

MZ :BOMB
HEWLMN

PRINT

Ci1EH
aPRT

A, OFCH
(STATUS) A

ar LAGE
A LOLD)
(IY+8) .8

HL + 0O
BC

HL +BUFFER+43%
D+00H

BC &40

Ao (HL )
80+
MNZSTOP
BC

HL

-]

C
NZPFOIV
HL
(HL}00H
HL +RLIFFER
aPRINT
BLC

iPrint butter

iPrinter Errar

iEnd Graphics Print Mode
ilde do not care it this one tails.
iStatus = graphics otf,

no weite: no incs

iPoint to svstem flaass asain
iGet oid contents ot [FLAGS
iSet things back the way they were

iZero Return Code

iReturn to TRSDOS or BASIC

iPoint to the end ot the butfer
iKev on the terminator

iSet counter

iLook at a brte

ils it & nothine?

iThen stop

iDecrement counter

iDecrement painter

iSee |t we are done

ibel?

iLoaAe for mare

iMaove pointer back one

iLlosd a terminator atter |last valid byte
iPoint mat the text tn he printed
iDisplay it

iDones evit

9%,80,85,8,25,4,24,24,0,%9,0,0:0,0,0,0

o
&&l
onH

GPRT3

illd contents ot [FLAGS

iCare iage return
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4/ Graphics Subroutine Library (FORTRAN)

The Graphics Subroutine Library included on the Computer Graphice diskette lets you use the functions of TRS-80
Computer Graphics while programming in Model 4 FORTRAN (26-2219). This library (GRPLIB/REL) must be
linked 10 any FORTHAN program that accesses the Graphics Subroutines.

BASICG vs. the Graphics Subroutine Library

The Graphics Subroutine Library contains subroutines which provide the saine capabilitics as the Graphics conunands
and furctions in BASIOG. The Graphics subroutines have basically the same names and parameters as the BASICG
commands. The major differences hetween the Library subroutines and the BASICG commands are:

® The BASICG command LINE has three corresponding library subroutines: LINE, LINEB, and LINEBE. LINEB
end LINEBF provide the functions of the BASICG command LINE with the parameters B and BF respectively.

® The BASICG command PAINT has two comesponding library subroutines: PAINT and PAINTT. PAINT is for
pamnting solid black or white, and PAINTT is for painting with tiling.

® The Library subroutines that correspond to BASICG commands that use (x,y) coordinates {except for VIEW) use
{x,¥) coordinates that have been previously set. The subrowtings used to set the coordinates are SETXY and
SETXYR.

Setting Points using SETXY and SETXYR

The coordinates specified by SETXY or SETXYR will be called the “current” and “*previous™ coordinates.
Subroutines that use one (x,y) coordinate pair use the ““current™ coordinates and subroutines that use two (x.y) pairs
use both the “*current”” and the “previous™ coordinates. Each call 1o SETXY or SETXYR sets the coordinates as
follows:

1. Assign the values of the “‘current™ (x,v) coordinates to the **previous®' {x,¥) coordinates, (discarding the old
“previous™” coordinates).

2. Assign new values for the ““current”” (x,y) coordinates as specified by the arguments supplied. SETXY simply
sets the “current”’ coordinates to the values of its arguments. SETXYR adds the values of its arguments to the
“current’” coordinates to nbrain the new coordinates

Initialization

Before any calls are made o Graphics, the Graphics library and board must be initialized . A special initialization

routing (GRPINI} is included in the library. A call to GRPINI must be made as the first access to the Graphics
library.

Example
¢1¢@ C SAMPLE IMITIALIZATION
ST DIMENSION V(30,30
aazZed CALL GRFPINI (@)
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Linking
The Library (GRPLIB/REL) must be linked to any programs that access the Graphics Subroutines. You must use the
linker (LBO} to generate the load module,

Example

Lee (ENTER

#SAMPLE:z1-N
#CRPHSAM /GRPLIB-S5,FORLIB-5:-U
#=-E

This example links both the Graphics Library and the FORTRAN Subroutine Library to the relocatable file
GRPHSAM/REL. In this example, SAMPLE:1-N is the file name, drive specification, and switch, respectively;
GRPH5AM, GRPLIB-5, FORLIB-S, and -U are the names of the relocatable modules o be linked and their
respective swilches, —E ends the routine and creates the executable program SAMPLE. The #'s in the example arc
prompis for the user — not data to be entered,

Note: If there are unresolved external references. the FORTRAN Library may need to he soanned a second rime

Errors

If you enter incorrect parameters for any of the Graphics Subroutines, your screen will display:

CRAPHICE ERROR

and return program control to TRSDOS Ready. This is the only error message you'll get when executing the
Subroutines.

Important Note: Free memory is utilized by the Graphic Routine for temporary storage. Extreme care should he
exercised if your program accesses this memory

Routines/Functions

Most of the FORTRAN Subroutines and functions described in this section have a corresponding command in the
Graphics BASIC Language Reference section of this manual.
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FORTRAN Routines

Routine Action

CIRCLE Draws a circle, arc, semicircle, or ellipse.

CLS Clears the Graphics Screen.

GET Reads the contents of a rectangular pixel area into an array,

GFRINT Displays textual data on the Graphics Screen.

GRPINI Graphics initialization routine.

LINE Draws a ling.

LINEB Draws a box.

LINEBF Draws a filled box.

LOCATE Sets the direction for displaying textual data on the
Graphics Screen.

PAINT Paints the screen in specified OFF/ON color

PAINTT Paints the screen in a specified pattem.

PRESET Sels pixel OFF/ON.

PSET Sets pixel OFF/ON.

PUT Puts the stored array on the screen.

SCREEN Selects the screen

SETXY Sets (x,y) coordinates {absolute).

SETXYR Sets (x.y) coordinates (relative).

VIEW Sets up a viewport where graphics is displayed.

Table 7

FORTRAN Functions

Function Actlon
POINT Reads a pixel's value at a specified coordinate.
FVIEW Feads a viewport's parameters.

Table 8
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CIRCLE

Draws a Circle, Arc, Semicircle, Point or Ellipse

CIRCLE draws a circle. By varying start, end, and aspect ratio, you can draw arcs, semicircles, or cllipses using
current X- and Y-coordinates as the centerpoint {sct by SETXY or SETXYR).

If start and end are 0.0, a circle is drawn starting from the center right side of the circle. Note: In the CIRCLE
statemont, end is read as 2 x Pl even though you have entered 0,0, If you enter (.0 for aspect ratio, a symmetric
circle is drawn.

Example

CALL CIRCLE(199,10.9.,0.8+.8)
Sample Program
This example draws and paints a circle.

ed21d C SAMPLE PROGRAM FOR CIRCLE

doaze LOGICAL COLDR:OPTION

oO@3d COLOR=1

a@d4ae OPTION=@

dRasa CALL GRPINI(OPTION)

Q2GR CALL CLS

ddeve CALL SETXY(32@:108)

dgaBe CALL CIRCLE{(1@2 . COLOR+@.0:9.0.,0.9)
dea9d CALL PAINT(CCLOR.CODLOR)

do10d .END

CLS
Clears Graphics Screen

Example
CaLl £LS

Sample Program (see CIRCLE)
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GET
Reads Contents of a Rectangular
Pixel Area into an Array

GET reads the contents of a rectangular pixel area into an array for future use by PUT. The pixel area is a group of
pixels which are defined by the current x and y, and the previous X- and Y-coordinates specified by the SETXY
call. The first two bytes of array are set to the horizontal {(X.axis) number of pixels in the pixel area; the second fwo
bytes are set to the vertical (Y-axis) number of pixels in the pixel arca. The remainder of array represcnts the status
of each pixel (zither ON or OFF) in the pixel area. The data is stored in a row-by-row format. The data is stored
cight pixels per byte and each row starts on a byte boundary.

Array Limits

When the array is defined, space is reserved in memory for each element of the array. The size of the array is
lmited by the amount of memory available for use by your program — each real aumber in your storage array uses
four memory locations (bytes).

The array must be large enough o hold your graphic display and the rectangular area defined must include all the
points yol want to storc,

To determine the minimum array size:
1. Divide the number of X-axis pixels by 8 and round up to the next higher intcger.
2, Multiply the result by the nomber of ¥ axis pixels.
When counting the X-Y axis pixels, be sure to include the first and last pixel.
3. Add four to the total,

4, Divide by four (for real numbers) snd two (for integers) rounding up to the next higher integer, (Note: If you're
using a LOGICAL array, the result of Step #3 above will produce the desired array size.)

When using arrays the position and stze of the rectangular pisel arca is detennined by the corment and previous (s,y)
coordinates.

Position; upper left comer = staripoint = (x1,yl)
lower left comer = endpoint = (x2,y2)

Size (in pixcls): Width = x2-x]+1
length = v2—vyl+1
Example
CALL GET(A A9}
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Sample Program

This cxample draws a circle, saves the circle into an array, then restores the array to the graphics video.

da95@¢ C EAMPLE FOR GET AMD PUT

edi1ed LOGICAL W(12B].ACTION

2a15d ACTION=1

2AZaa CALL GRPINIC@®)

eQ3@2 CALL CLS

ea3sa . DRAaW A CIRCLE

eaded CALL SETHY(30.,30)

dASOD CALL CIRCLE(1@4+1.@.08,8.,d.8)
8559 C EET COORDINATES FOR GET ARRAY
A CALL SETHY(1@s+19]

da7ed CALL SETXY (4@ .48

aa?saé C STORE GRAPHICS INTO ARRAY WITH GET
eapad CALL GET{W.128})

apaan 00 18 I=1:5000

oilged 1@ CONTINUE
@1ese C CLEAR SCREEN AND RESTORE GRPH FROM ARRAY

dlide CALL CLG
d1z2a@ CALL SETHY(11@.11@)
91308 CALL PUT(V.ACTION?
d14e0 DO 28 1=1.:5000
1508 2@ CONTINUE
D169 END

GPRINT

Write Text Characters to the Graphics Screen

GPRINT 15 used to write text characters to the Graphics Sereen. This is the casiest way to display textual data on the
Graphics Screen. Characters are displayed starting at the current (x,y) coordinates and going in the dircction specified
by the most recently executed LOCATE call, If no LOCATE call was executed prior to the GPRINT call, a direction
of 0 is assumed.

GPRINT will only pring tear characiers (see the Model 4 Disk System Owner's Manual). Cach characier displayed
in the 0 or 2 direction uses an 8 x ® pixel grid; each character displayed in the | or 3 direction uses 4 16 x 8 grid.
Exccuting this command will set the current (x.v) coordinates to the end of the last character that was displayed.
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Displaying text in the dircction 0 engages a wraparound feature. If the end of a line is reached, the display will be
continued on the next line. If the end of the screen is reached, the display will be continued at the beginning of the
screen without scrolling. If there is not enough room to display at least one character at the current (x,y) coordinates,
a GRAPHICS ERROR will result. When displaying 1ext in other directions, an atiempt to display text outside the
currently defined screen will cause a GRAPHICS ERROR to be given.

GRPINI
Graphics Initialization Routine

GRPINI is the graphics initialization routine. This function must be calfled before any other graphics calls are made
in FORTRAN.

Example
CALL GRPINI(1)

Sample Program (see CIRCLE)

LINE
Draws Line

LINE draws a line hefween the previoos and cument eoordinates. These coordinates are set by the SETXY or
SETXYR subroutines.

Example
CALL LINE (1,-1)
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Sample Program
This example draws a diagonal Jine connected to a box, which 15 connected to a filled hox.
veele U SAMFLE FOR LIME LINEB LINEBF
oeaze LOGICAL COLOR
ARAID COLOR=1
@40 CALL GRPINI(@)
eeaso CaLL CLS
dERED CALL SETHY(1.1)
dEaTe CALL SETXY(Z19.8@)
ede0@ CALL LINC(COLDOR (=1}
oea80 CALL SETXY(42@,:1B@)
eg1¢e C COORDINATES ARE HNOMW (21@,B8) (420:16@)
o211 CALL LINEB!COLOR.-1)
e@1Z8@ CALL SETXY(639.,239)
Pelow O COOKDINMNAIES ARE MOW (420.16¢) (635.238)
ea149 CALL LINEBFI(COLOR)
eA15@ EMD
LINEB
Draws Box

LINER 15 the samwe as LINE except LINEB draws a box between the two sets of coondinates set by the SETXY or
SETXYR submwtines,

Example
CALL LINEB(1+-1)

Line Program (see LINE)
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LINEBF
Draws Painted Box

LINEBF {color)

color is of LOGICAL type, specifies the OFF/OM color of a line and is an integer expression of
either 0 (OFF, black) or 1 (ON, white).

LINERF is the same as LINEB excep LINEBF fills the box (colors in the hox) and the argument style is mot used

Example
CALL LINEBF (1}

Sample Program (see LINE)

LOCATE
Sets the Direction for Displaying Text
on the Graphics Screen

LOCATE (direction)

direction is of LOGICAL type, specifies the direction that CLOCATE will use to display textual data
and is an integer expression ol 0-3.

LOCATE seis the dircction that GPRINT will use o display texwual data. The allowahle vilues for divee tion are
(v - weri degree angle
I - 9 degree anple
2 - 1H0 clepree angle

3-IT 1|l.:_|:r\'..'|_' :J:‘ll__'k'

Examples

CaLL LOCATE (@)
[ progEri line will cause characters 1o be disptayed ot the current (3,1 coordmates i normal Tedt 1w raghe
oricntation,

CALL LOCATE (11
This preveeany lim will cause characters b be 1:i'||"|.n-:.'\.| ai the current (5. v coondmares if e verbcal ofentation oo

frovm fhee top of the sereen to the hotlom of the screen

CALL LDCATE (Z2)
his proeraim e will cause chafacters 10 be displayed upsdde down starming at e nghe ol the soreen amld pomy

towards the leh

17
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CALL LOCATE (3}
This program line will cause the characters 1o be displayed vertically starting at the lower portion of the screen going
towards the top of the screen.

PAINT
Paints Screen in Specified Color

PAINT paints the screen in the specified OFF/ON color (black or white). It uses the current X- and Y- coordinates
{see SETXY) az its startpoint.

Example
CALL PAINT(1.1)

Sample Program (see CIRCLE)

PAINTT
Paints Screen in Specified Pattern

PAINTT lets you paint a precisely defined pattern using a graphics technique called ““uling.” You can paint with
tiling by defining a multi-pixel grid in an array and then using that amray as the paint paiern,

Example
CALL PAINTT (A1 .\

T8
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Sample Program
0100 C EXAMPLE FOR PAINT WITH TILE

e@15@ LOGICAL A:B.BORDER
d0Zad DIMENSION A(8)
epage DIMENSION B(Z)
ea3se C DEFINE TILE ARRAY HERE
ea4ga DATA AC1) . ACZ2), AC3)Y # By R'BL " X142/
2a5ad DATA ALY vALS) ) ALB) SR 2d s K "1B " +X "1B "/
daGeo DATA A(T) »A(8) ALD) /X724 X "AZ2" X "8B1"/
vaG5e C DEFINE BACKGROUND ARRAY HERE
aavee DATA Bl1)BiZ1/1 0/
deEOD CALL GRPINI(@)
da9e0 CALL CLB
dl1oed CALL SETHY (3@ 129}
dlLiop CALL CIRCLE{15@+1+@.8,2.0,0.8)
di1zaea BORDER=1
d1302 CALL PAINTT(A ,BORDER «B)
f140d EMD
PRESET

Sets Pixel ON/OFF

PRESET sets the picel defined by the corrent (xy) coondinates cither ON o OFF.

Example
CALL PRESET!8)

Sample Program

d@d1e@ C FRESET ENAMPLE

eazod LOGICAL COLOR

300 COLDR=1

@429 CALL GRPINI(@)

ponoe CALL CLS

eoced C SET PIXEL TO OM

faTae CALL SETHY{3@@.12a)

edggn CALL PRESETICOLOR)

egdadd C TEST PIXEL WHETHER OMN OR OFF
21oad K=POINT (M}

gri1aa 3@ WRITE (3,351k
212@@ 23S FORMAT (*2°'+'PIKEL VYALUE I5°+14)
2138 END

™
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PSET
Sets Pixel ON/OFF

PSET sets the pixel defined by the current {x,y) coordinates either ON or OFF,

Example
CALL PSET(®)
Sample Program
0100 C PSET EXAMPLE
20200 LOGICAL COLOR
20300 LOGICAL POINT
20400 COLOR=1
20500 CALL GRPINI(@)
PAER0 CALL CLS
20700 C SEl PLXEL TO ON
00800 CALL SETXY(300,120) .
30000 CALL PSET{COLOR)
21008 C TEST PIXEL WHETHER ON OR OFF
21100 K=POINT (M)
#1200 WRITE (3,351K
81300 35 FORMAT ('Z°‘, PIXEL UALUE IS’,14)
e1400 END
PUT

Puts Stored Array onto Screen

PUT takes a rectangular pixel area that has been stored by GET and puts it on the screen at current x and y
coordinates set by calling SETXY.
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Example

CALL PUT (W4l

Sample Program (see GET)

SCREEN
Selects Screen

SCREEN (switch)
switch is of LOGICAL type and specifies the type of screen display and may be one of the
following:
0 = Graphics Screen
1 = Text Screen

SCREEN lets yvou select the proper screen.

Example
ALl GRREFNL®)

Sample Program

This example tums off the graphics display, draws a circle, then tums on the graphics display. The circle is then
visible

deal1e C EXAMPLE FOR S5CREEN
deeze LOGICAL CHMD

davnad CMo=1

Qagse CALL GRPINI(@)
Gavoe CALL CL3

dadTR CaLL SCREEMICMD)
GadEd CaLL SETHY{3@@ .12}
ddega CALL CIRCLEC(1@d+1+2.0:0.0.,2.8)
ealaa CaLL PAINTOL 1)
eat1a 0o 2@ I=1.1dp000
gatza 29 CONTIMUE

eaidd CHMC=2

aaraa CALL SCREEM(CMD)
@P15@ END

Bl
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SETXY
Sets Coordinates

SETXY sets and holds both current and previous X- and Y- coordinates. When a new coordinate is given, it is
designated as the **current coordinate”™ and the last coordinate is designated as the **previous coordinate. ™ If a new
coordinate is specified, the “*previous coordinate’” 15 lost and the **current coordinate™ becomes the * previous
coordinate, ™

Example
CALL SETHY(108,10@)

Sample Program (see LINE)

SETXYR
Sets Relative Coordinates

SETXYR sets the current (x,y) coordinates relative to the previously set (x,v) coordinates. For example, if the
“eurrent’” coordinates are (100,100}, CALL SETXYR(10,10) will set the **current’ coordinates to (1 10,110); the
*“previous' coordinates will then be (100, 100).

Example
CALL SETXYR(3@.:30)

Sample Program
dod1@ C DRAW TWO INTERSECTING CIRCLES
ooeze CALL GRPINI(1)
00030 CALL CLS
poRae CALL SETXY(100,180)
eo05@ CALL CIRCLE(S8+1+0.0:2.0:0.0)
PORE® C DRAW SECOND CIRCLE WITH CENTER 29
0ea7@ C PIKELS TD THE RIGHT OF FIRST CIRCLE
00080 CALL SETHYR(Z®®)
adopae CALL CIRCLE(S@+1 0,2 ,@.0.+0.8)
ad 100 END
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VIEW
Sets Viewport

VIEW diaws viewporis on your screen, Graphics is displayed only in the last defined vicwport.

The upper-left corner of viewport is read as (0,00 (the *‘relative origin®') when creating items inside the viewport.
All the other coordinates are read relative to ts origin, However, the *“absolute coordinates™ of the viewpor, as
they are actually defined on the Graphics Cartesian system, are retained in memory and can be read using VIEW as
a function.

Example
CALL VIEM{1@D 1020 .,200,200.:0,1)
Sample Program
eaied C SAMPLE WIEW PROCGRAM
lded 1) LOGICAL COLOR +BORDER K
da300 INTEGER FVIEMW
00400 CALL GRPINI(1)
paseo CALL CLS
¢0E02 C SET UP WIEW PORT
pa70@ COLOR=0
epa0@ BORDER=1
o900 CALL VIEW(21@,68@.,420,160,COLOR ,BORDER)
o100 C DRAW MULTIPLE CIRCLES
oL100 CALL SETHY(105:49)
01200 DO 20 1=10,150.:10
01300 CALL CIRCLE(I+140.0+0.0.0)

drdee 29 CONTINUE
¢150@ C DISPLAY WIEWPORT COODRDIMATES

Dlede DO 4@ 1=1.+4
1700 K=I-1

dlaoa J=FUIEK K}
a19a0 WRITE (3+33)1+J

azee@ 35 FORMAT (*2',"VIEW PORT COODRDINATE ':+Id4,' IS AT'4I14}
dzZie@ 4o COMTIMUE

0zz2¢2 C PRINT EMPTY LIMNES

B3
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2300 oo G I=i1:C
ezdaae WRITE (3.:50)
22588 S@ FORMAT (1H1)
2600 Go CONT INUE
eZ7a0 END

The following two descriptions are functions in the Graphics Subroutine Library and must be declared as LOGICAL
and INTEGER, respectively, in any routine that uses them.

Functions

POINT
Reads Pixel Value at Current Coordinates

POINT returns the OFF/ON pixel value at current x and y coordinate as specified by SETXY or SETXYR. If the
point is not in the corrent viewport, POINT returns — 1

Example
K=POINT(M)

Sample Program (see PSET)

FVIEW
Reads Viewport’s Parameters

FVIEW returns the specified viewport parameter;

0 = returms the left X-coordinate
I = returns the left Y-coordinate
2 = refumns the right X-coordinate
3 = returns the right Y-coordinate

Example
I=FUIEK(®)

Sample Program (see VIEW)
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5/ Programming the Graphics Board

The Graphics Board provides 640 x 240 byte addressable pixels on a TRS-80) Model 4. The Graphics Board
contains 32K of screen RAM o store video data consisting of four 64K RAMs which are double accessed for 8
bytes of data. Regular alphanumeric data is stored in the static RAM on the Video Board. The Graphics Board uses
separate hardware to generate a 640 x 240 display. so only one screen may be displayed at a time. If the video is
switched from Text to Graphics Screen very rapidly, the Video display may lose horizontal/vertical synchronization.

'O port mapping is used to read and write data to the board. The Board 15 addressable at 80 - 83 Hex,
There are four internal registers which can be written to or read on the board. They are as follows:

1. X-Position — X-address (0 to 127) for data write only. (0 10 79 for display.)

2. Y-Position — Y-address (0 to 255) for data write only. (0 to 238 for display.)

3. Data — Graphics data i ““byte”” torm. kach byte tums on or ofl & consecutive horizontal dots.
4. Options  — 8 flags which tum on or off the user programmable options (Write only ).

The IO port mapping of the board is:

® o) — X-Kegister Write. (50)

® 1] — Y-Register Write. (8])

# 2 — Video data read or write, (82)
® 3 — Options write. (83)

where x denotes the upper nibble of the VO boundary as set by the DIP Switches, They are set by the factory at
BOH.

The Graphics Board uses X-Y addressing w locale the st of o Graphics data byie. The upper-left of the soeen
is (0,00 while the lower-right is (079,239}, If the bit is a 1, the dot will be ON. For example, if you wanted to
turn on the Sth dot on the top row. the registers would contain: X POSITION =01, Y POSITION =0.

DATA = (00001000 =08H. Note that in calculating points to plot. the Y-position 1s correct for a single dot. Only
the X-position must be corrected to compensate for the byte addressing. This can be accomplished in a simple
subroutine.

Line Drawing Options

There are two B-bit counters which act as latches for the X- and Y-address. You may select, through the options
register, il ey are w autsatically count afler a read v wiite W graphic memory. Also, the counters may increment
or decrement independently. These counters do not count to their respective endpoints and reset. Instead, they will
overflow past displavable video addresses. Therefore, the software should not allow the counters to go past 79 and
239, However, these extra memory locations may be used for data storage.

B5
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The following are brief examples on how to use the Graphics Board.

Read the video byte at X =0, ¥ =0

HOR
ouTt
ouT
IN

Draw a line from X=0,% =0 to X =639, Y = using the

LD
LD

ouT
H“OR
ouT
oui
LD
Lonp ouT
DJamnZ

Mo.

A

(BAH) A
(B1H) A
A (BZH!

B.79
A@OLIH

{B3H) +A
A
(BEH) A
[BIHI +A
AEFFH
{BZH) ;&
Logr

ICLEAR A

iOUTPUT X ADDRESS
sOUTPUT ¥ ADDREES
iREAD VIDEO BYTE

hardware line drawing

iB HAE CHARACTER COUNT
IDPTIONS;: INCREMENT X AFTER WRITE
19119081 Binary

i0UT ¥ ADDRESS STARTING
iOUTPUT ¥ ADDRESS

iLOAD A WITH ALL DOTS ONM
$OUTPUT DOTS

FOUTPUT NUMBER IN B REGISTER

Options Programming

Option

GRAPHICS/ALPHA*

NOT USED
XREG DEC/INC®

YREG DEC/INC”

X CLK RD"

¥ CLK RD*

X CLK WR*
Y CLK WR*

Description

Turns graphics ON and OFF.
“1" tums graphics ON.

Selects whether X decrements or increments.
“1" salocts decrement.

Selects whether ¥ decrements or increments.
1" selecis decrement.

If address clocking is desired, a "0" clocks the X
address up or down AFTER a Head depending on
the status of BIT 2

If address clocking is desired, a "0" clocks the Y
address up or down AFTER a Read depending on
the status of BIT 3.

A "0" clocks AFTER a Write.
A “0" clocks AFTER a Write.

Table 9. Options Programming

R
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Appendix A/BASICG/Utilities
Reference Summary

Argument ranges are indicated below by special letters and words:

ar is a single-precision floating point number > 0.0 (to 1= 10°),

f 15 an integer expression of ether 0 or 1.
R specifies a box,
BF specifies a shaded box.

£ is am integer expression of O or 1.

n is an integer expression from 0 1o 2,

n 1% an inteper expression from () o 3

r is an integer expression from O to 639,
r is an integer expression from 0 o 639,
¥ i5 an integer expression from 0 o 239,

detion 15 cither AND, PSET. PRESET. OR, or XOR.
background is a string of either 0 or 1.

barder is an integer exprassion of either O or 1,

end is an expression from —6.283185 o 6.283185.
sfart 295 an expression from = 6283185 0 6. 283185,
switch i5 an integer expression of 0 or 1.

ifiny 13 i slring o an integer expression of O or 1.

nype i5 an integer expression of 0 or 1.

CIRCLE(x,y)r,¢,start end,ar Draws a circle, ellipse, semicirele, arc. or point.

CIRCLE(10@,180) ,25 41 CIRCLECLIS@,15) 4840+l sr4.8
CIRCLE(C1QQ 100 2103 .PL+Z2#P1 .45 CIRCLE{-5@,-5@).20@

CLS Clears the Text Screen and video memory
CLS EYSTEM"CLS"

CLR Clears the Graphics Screen.
CLR

GCLS  Clears the Graphics Screen and memory,
GCLS SYSTEM"GCLE" 1@ SYSTEM"GCLS"

GETixf yf )~ x2,v2),array name Reads the contents of a rectangular pixel area into an array.
GET{1@1@)-(50.5@) U

GLOAD filename/ext.password:d  Loads graphics memary,
CLOAD PROC E¥YBTEM"CLOAD PROG™

GLOCATE (x.y) direction  Scts the Graphics Cursor
GLOCATE (3Z0+1Z20) 2
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GI'RINT  Dumps graphic display on the printcr,
GPRINT EYSTEM"GPRINT" 180 SYSTEM"GPRINT

GPRTZ2 Doumps graphic display on the printer wirhout rotating %0 degrees.
GPRTZ EYSTEM"GPRTZ" 1@ SYSTEM"GPRTZ"

GPRTY Dumps graphics display on the printer without rotating 90 degrees.
GPRT3 SYSTEM"GPRT3" l@d SYSTEWH"GPRT3"

GROFF  Tums Graphics Display OFF,
GROFF SYSTEM"GROFF"

GRON  Turns Graphics Display ON,
GROM SYSTEM"GRON"

GSAVE filename'ext.password:d  Saves graphics memory

GEAVE PROG SYSTEM"GSAVE PROG"

LINEfx! yl)—(x2 y2),c,.8 or BF, style  Draws a line/box.
LINE -{128@,10@) LINE(L1@213D)-(Z202,208) +1+B .45
LINE(@@)=(10@.,1080) +1:BF LINEL-20@,-200)-{10@,128)

PAINT (x,x).filing, border background  Paims the screen
PAINT{3Z2@,120):1:+1 PAINTI(3Z2@,120) ,"DDDDD" +1
PAINTI{3Z@+129) 1A% 1
PAINT(3Z@,120) ;CHR®(@)+CHRE(EHFF ) +@ sCHR$ (EHQ®)
PRAINT(3Z2@+129) +CHR$(E})+CHR$(77)+CHR® (3}

&POINT(x,y) A function. Tests graphics point.
PRINT LPOINT(320:120) IF BPDINT(3Z@+128)=1)THEN. ..
PRINT &POINT(3Z@,120) =1

PRESET (x,y),switch Sets pixel OFF or ON.
PRESET({10@,100) 0

PRINT #-3, item list Write text characters to the Graphics Screen.
PRINT #=3,"MONTHLY"

PSET (x.v).switch  Sets pixel ON or OFF.
PSET{100,108) :1

PUT (xl,yl),array mame action  Puls graphics from an array onto the sereen

PUT(1@G+1@@) +APSET PUT(1@@,190¢) +4 AND
PUTC(AB) B

SCREEN type  Selects the screen,
SCREEN @

VIEW (xl yl)—{x2,y2),c,b Redefines the screen and creates a viewport.
WTEWI1@AA 1@@) =1 15B+15a) UTEWI1@@ 4108 -(15A«15@) +D 41

&VIEW(p) A function. Returns viewport's coordinates.
PRINT AWIEKLL)
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Appendix B/ BASIC Error Codes
and Messages

Code Number Message

NF 1 NEXT without FOR

A variable in a NEXT statement does not correspond to any previously
executed, unmatched FOR statement variabla.

RG 3 Return without GOSUB

BASIC encountered a RETURN statement tor which there 1s no
matching GOSUB statement.

FC 5 llegal function call

A parameter that is out of range was passed to a math or string
function. An FC error may also occur as the result of:

a. A negative or unreasonably large subscript.

b. A negative or zero argument with LOG.

c. A negative argument to SQU.

d. A negative mantissa with a noninteger exponant,
e

. A call to a USR function for which the starting address has not yet
been given.

f. Animproper argument to MID$, LEFTS. RIGHTS, PEEK, POKE,
TAB, SPC, STRINGS, SPACES, INSTH, or UN...GUTO,
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oM 7 Out of memory

A program is too large, or has too many FOR loops or GOSUBs, too
many variables, or expressions that are too complicated.

BS 9 Subseript out of range

An array element was referenced either with a subscript that is outside
the dimensions of the array, or with the wrong number of subscripts.

0 11 Division by zero

An expression includes division by zero, or the operation of invalution
results in zero being raised 1o a negalive power. BASIC supplies
machine infinity with the sign of the numeraltor as the result of the
division, or it supplies positive machine infinity as the result of the
involution. Execution then continues.

™ 13 Type mismatch

A string variahle name was assigned a numeric valua or vice versa A
numeric function was given a string argument or vice versa,

LS 15 String too long
An attempt was made to create a string more than 255 characters long.
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GN 17 Camn't continue
An attempt was made to continue a program that:
a. Has halted due to an arror.
b. Has been modified during a break in execution.
c. Does not exist.

19 No RESUME

An error-handling rouline was entered without a matching RESUME
statement.

21 Undefined error

An error message is not available for the error that occurred.

23 Line buffer overflow.
An attempt was made 10 input a line with too many characters.

29 WHILE without WEND
A WHILE statement does not have a matching WEND,

Disk Errors

80 Field overflow

A FIELD statement is attempting to allocate more bytes than were
specified for the record length of a direct-access file.

o1
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52 Bad file number

A statement or command references a file with a buffer number that is
not OPEN or is out of the range of file numbers specified at
initialization,

54 Bad file mode

An allempl was made o use PUT, GET, or LOF wilh a sequential file,

to LOAD a direct file, or to execute an OPEMN siatement with a file
mode nthaerthan |, O, R For D

57 Device /0 error

An Input'Output error occurred. This is a fatal error; the operating
system cannot recover it.

61 Disk full
All disk storage space s In use.

63 Bad record number

In a PUT or GET statement, the record number is either greater than
the maximum allowed ({65,535) or equal to zero.




————— Appendix B/ BASICG Error Codes and Messages —

66 Direct statement in file

A direct statement was encountered while LOADIng an ASCll-format
file. The LOAD is terminated.
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Appendix C/ Subroutine Language
Reference Summary

CIRCLE (radius, color,start,end,ar) Draws circle, ellipse, semicircle, arc, or point. (x,v) coordinates set by
SETXY.
CALL CIRCLE (1001 .,3.,d.,8)

CLS Clears Screen.
CALL CLS{Z2)}

FYIEW (n) Retumns viewport parameter.
I=FYIEW(®}

GET (array,size) Reads the contents of a rectangular pixel area into an array for future use by PUT.
CALL GET{(A .40083)

GPRINT (size,array) Displays textual data,
CALL GPFRINT (ZB:ARRAYL)

GCRPINI (aptian)  Graphics initialization routine.
CALL GRPINI(@®)

LINE (color,style) Drows a line.
Coordinates set hy SETXY or SETXYR.

. CALL LINE (1,=1)

LINEB (color siyle) Draws a box,
Croordinates set by SETXY or SETXYR.
CALL LINEB (1.4-1)

LINERBF (color) Draws o filled box.
Coordinates set by SETXY or SETXYR.
CALL LIMNEBF (1)

LOCATE (n) Sets the direction for displaying textual data.
CALL LOCATE

PAINT (color border)  Paints screen.
CALL PAINT(1.1)

PAINTT (arrayT,border,arrayS) Paints screen with defined paint style.
CALL PAINTT (A+1 )

POINT Returns pixel value at current eoordinates.
K=POINT (M)

PRESET (eolor) Sets pixel ON or OFF.
CALL PRESET (@)

PSET (color) Sets pixel ON or OFF.
CALL PSET (8)

05
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SCREEN (type) Sets Screen/graphics speed.
CALL SCREEN (1)

SETXY (X,Y) Sets coordinates (absolute).
CALL SETXY(100:100)

SETXYR(X,Y) Sets coordinates (relative).
CALL SETHYR(50,50)

VIEW (leftX,leftY ,rightX ,rightY ,color,border) Sets viewport.
CALL VIEW(100,100,200/,200,0+1)
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Appendix D/ Sample Programs

1@

e

3@

4@

=1

=1

79

=1

=1

18
11@
128
139
149
15@
162
179
182
i19a
Zao
21@
220
2390
Zd4@
250
ZE@
278@
ZEB@
288
Jee
31a
32@
33¢
4@
35¢@
a0e
37@
J8@
332
aeo
a1e
4za
A3a
da@

Pie Graprh Prodram ("PECANPIE/GRA")

ObJect

The aobJect of this Pprodram i5 to draw a pie srarh of the
exrenses for a diven month of eight derartments of a compPanvy s
alony with the numeriocoal value of each Pie sectiom
representation,

Runmnindg the Prodram

The month and the amounits sPent by each dePartment are 1nFPut:s
and the prodram takes over from there,

Special features

The amounts sepent by each account as well as the total
ampount sPent are stored in strindgs. The Prodram will
standardize each strind so that it is 89 characters long
and includes two characters to the right of the decimal
points. This allows for inPut of variable length and an
pPtional decimal Point.

The wvariocus coordinates uwsed in the program are found
based on the Tollowing e=muations:

¥ = r ® cos{theta)
r % sin{thetal

=
L]

where ¥ and ¥ are the coordinates: I 15 LThe radius: anmd itheta

is the andle. {Note: The vy-coordinates are alwars multiplied
by @.5. This is because the v epixels are twice the size nof the
W Pixels.)

If an angle theta is denerated by a percent less than 1% the
section is mot 9rarheds and the next theta is calculated.
Howewers the number will =till be listed under the Kers

Yariables

ACCTH(i) Descrirtion of the account

BUDS(1i) Amount spent by the acoount

DS% Dollar sign (used in outPut)

HXCODL Column number for the Fie section number
HYRUW Rouw numhar for the pie sectinon number

1 Counter
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asa
46d
47
48@
430
a0
s1e@
220
530
sS4
J00
SEQ
S7@
SE@
S5
Egw
B1d
EZa
B3
4@
ES®
EE@
G7e
E8a
Ea0
7o0
71
TZD
74
758
7E6d
77@
78¢@
799
gog
Blg
BZ@
B3@
Ba@
B3@
BE@
a7e
8ge@
=E= 1
e
9ie
g82a
93¢
949

Model 4 Computer Graphics

' MM % Manth

4 PER{L) Peroent value of BUDS(1)

. R Radius of circle

¢ T Angle value line to be drawn

. T1 Angdle value of the next line

! TBUDS Total of all the BUD®{i) "=

< THALF Angle halfway between T1 and T® (used for

! location Fposition for section number)

i TILE®{1i) Paint style for each section

£ THOPI Two times the value of ri

’ nd A=vuvurdinate for drawinsg the line rerresented
g by T@

{ KP HW-coordinate for Painting a section

2 ¥ ¥Y-coordinate for drawingd the line represented
: by T@

: YF Y-coordinate for Paintind a section

' Bat initial walues

CLEAR lLegad ‘10-JAaN-84

DIM THALF(1S) BUDS(1S5) +ACCTH(15) +PER(IG)

THWOPI=2%#3,14158

R=10@

DSe="%"

ACCT®(L)Y = "Sales"”
ACCT®#(2) = "Purchasing®
ACCT$(3) = "R&D '
ACCT*+{d4d) = "Aceoounting®™
ACCT$#(5) = "Advertising "
ANNTE(RY = "Utilities "
ACCTS(7) = "Seocurity "
ACCT$(B) = "Exepansion"
TILES(@)=CHRS$ (&HZ22Z)+CHRS${&HO)

TILE$(1)=CHR$ (&HFF ) +CHR% (&HD )
TILE®#(Z2Z]=CHR*%{LHAB8}+CHRE{LHEE}

TILE®(3)}=CHR% (&H33)

TILE$(4)=CHR&{LHFF )
TILE${S)=CHR$ (AHF Q) +CHRS (EHF@ ) +CHRE(&HF ) +CHRS (&HF ]
TILE®#(6}=CHR%(&H3C)+CHRS (H3C)+CHRS$ (B&HFF)
TILE$#(7}=CHR%{(&H3)+CHR$ {&HC } +CHR®{&H3@ ) +CHR${(&HC @}

¢

‘* Emter values to be dgraphed: standerdize thems and caleculate
“ the rpercent they represent

Kl

CLR

CLS

SCREENM 1

PRINT BE€@ +"Enter month "

PRINT BZ24d@+"Enter amount sfPent bw"
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O5a

aEad

a7d

a8a

299

ig90a
1é1d
1029
183d
1040
195
1860
197¢@
1080
1a9a
11ee
1110
1120
1136
114@
115
116@
1179
118@
1190
1280
121@
1220
123@
124@
125@
126¢@
127@
1268¢
1200
13¢@
131@
132@
133
1340
135@
1363
1370
138@
1389
14@d
141¢@
14Z@

PRINT EIZQ +"6"
PRINT B@.""

LINE INPUT "Ente

FOR I=1 TO B
PRINT B2BES+ACCTS
PRINT BIZa."s"
FRINT @Z4@,""

r month " iMN$

(I3 1"

LINE INPUT “s$"SBUD®(I)

IF INSTRIBUDS$(I

IF LEN(BUD${I)}}<B THEMW BUD&(I)}="

Yi"4 ") =@ THEN BUDS(I)=BUD$(I)+",.0@"
"+BUD®(1):GOTO 1@de

Appendix D/ Sample Programs

TOUC$=STRe (VAL (TOUDS ) +VALIBUDE{I )

NEXT 1

IF INSTRI(TBUD%.:".")=0 THEN TBUD$=TEBUD$+".0Q0"

IF LEN(TBLD®)<S
FOR 1=1 TO B

THEN TBUD&="

"+TBUDS:GOTO 1480

FER{1)=VALIBULS (L) ) /VALITBUDS ) %100

NEXT I
SCREEN @

‘* Draw the circle and calculate the locatian of the

the line numb
CIRCLEt 425,129
FOR I=0 TO 8

TA=TWOPL/1Q@*FPE
K@=A25+ReCOS(TO
YO=1Z20-R*SINI(TE
11=THOPL/ 1OE=FE
THALFI{L)=(T@+T1

ers

R

RiIV=T@

!

14,5
FlI+l)+TR
[ s

HYCOL=( 425+R+1 ., 1S#COSCTHALF (T -1&
HYRM=INT(12@-R+1 ., IS#SIN{THALF(]I))#%.5)
IF PER(I)?>1 THEN LIME (42541201 -(X0+¥YD)

GLOCATE (HXCOL

HYRW) »@

IF 148 and PER(I+11>1 THEN PRINT #-3.I+1

NEXT I

]
r

L3

FOrR I=2 TO 7
AP=4Z3+R+,3#C05

(THALF(I]

YP=12@-R* ., S#S5IN(THALF(1))#.5

1IF PERI{T+1)4=1
PAINT {(XP«YPIT
MEXKT I

‘ Print the Kev

¢

GLOCATE(Q 1@ +@

THEN 138@
ILE®(I}+1

for the sraprh

Paint the arpropriate sections of the rPie

lines and




1432
144@
1459
1460
147
1488
149
1582
1518
1522
1539
154@
1550
1562
157¢
1589
15890
1E@9
1610
1B28
163
1E4®
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PRINT #-3:,"Exrenditures for"
GLOCATE(@+25) @

PRINT #-3:MN%
GCLOCATE(@+48) +@

PRINT #-3,"# DescriFtion Amount"”
FOR I=1 TDO B
GLOCATE(@{8+1)#15) 8

PRINT #-3:1
GLOCATE(Ad@+(4+1)*15) +@

PRINT #-3.ACCT%(1)

GLOCATE{13@ :(I+d)*15) :0
PRINT -3 :D5%iBUDS{(I)

D5¢=" *

NEXT I

GLOCATE(@4+195) :2

PRINT #-3:STRINGSE(2G,"-")
GLOCATEC(A®,218) 0

FRIMT #<3+"Total “{TDUD®
FOrR I=1 TO 10062

NEXT 1

SCREEN 1

END




1@

20

3@

49

=1

GCa

70

8o

90

1@
1ie
12¢
138
14¢
15¢
16¢
170
18
ige
2a@
21i@
220
230
24@
25@
6@
278
Zae
9@
300
31
320
330
34¢
Jo@
360
are
Jae
J9@
de@
a1@
42¢
43@
44@
a5@
46@
47e
age

"THREEDEE/CRA"

Obdect

The obiect of this Prodram is to produce a three

dimensional
income far

Yariables
A

¥ BMSCS

v CHARS

‘ GI%

! | |

; J

: MM %

. REC

’ 51%

d TILE®

& TTINC

G "

. Yii)
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bar drarh representation of the dross

a4 ComPany OCOVvVeETr a one

¥YeEdr

reriuvd.

VYertical alrhanumeric character

Bottom messade

Disk file 1inPut field
Gross income

Caounter

Counter

Month

FRecord number of vertical character
Sindle character of vertical message

Tile Frattern for rain
Total income for the

H-coordinate of bar
Y-coordinate of bar

"INPUL/OUTPUYL

¥

‘and nine.
‘Set initial
CLE

DIM ¥Y{12) +hA(
DEFINT &
UMSG%E=" HMill

values

B +MNE(12)

ions of dollars "

THEG%="C r o s 5 I nc ome F
BMSGE="M o n 1+ h"
MN&{1l)="January"
MNE(2)="February"

MN${3)}="March"

MME(d)="AFri
MME(S)="Mar"

lll

MME(B)="June"

MME{2)="duly

HN&(B)="August"

MN&E(B)}="Sept
MNE(1@)="0ct
MN$(11)="Nou

HNE({lZ}="Dec

ember”
oberp"

ember"
ember™

TILE$=CHR$(&HI9 ) +CHR$ (RHEG)

tinyg
¥Year

The Pprodram PromPts vYou to enter
‘for epach month.

ar

the gdross
The Ppraodram requires

thesp

1983

values

te be betueen

incomes in millions

one
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49@
Sae
Sileé
528
530
54
739
550
570
SB@
S8e
spe
=3 B
BZ@
B3@
B49
ES@
EE@
E7@
=1
==l
7ae
7le
720
720
749
750
7G@
770
780
790
gad
Bl@
BZ@
B3g
g4
gsa
BED
g7
Bed
g30
gee
g1e
gzZe
238
g4e
g5
gB@
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Ke=10

#

* InPput dross income: and calculate the Y-coordinate
FOR I=1 TO 12

CLS

PRINT "Enter sross irncome in milliomns (1-9) for "SMNEIL)
LIME INPUT "$"3GI%

YOI )=2@05-20+VALI(GI%)

TTINC=TTINC+VAL(GI%)

MEXT I

CLR

ECREEN @

¢

* Draw the srarh and bars

FOR 1=1 TO 12

CLS

nER+oR

LINE (XY (IY)=(X+2ZD,Z203) +1+EF
LINE -{X+d4@:183)

LINE =(X+d@.Y(I1)-18)

LINE =[X+28,¥(1)=18}

LINE ={XsY(I})

LINE (X+Z0¥(I})=(¥+d4d,¥Y{I)=-1@)
PAINT(X+Z1 Y(I)}+2)+TILE® »1

MEXT 1

GLOCATE(4@,215) 0

PRINT #-3,"Jan Feb Mar ger Mary June July Aug Sept
GLOCATE(Z3@+230) +@

PRINT #-3,8BM5G%

FOR I=1 TO 1@

IF 1»9 THEN C=1 ELEBE C=2
CLOCATEC((C*1@) =-S5 (Z@=-I#%2)#%1Q) @
PRINT #-3,SIRKHE(1)3"="

NEXT I

LINE {(35,8)-(35:285)

LINE -(B39.283)
GLOCATE(@®+18@) 3

PRINT ®#-3:UMSCH
GLOCATE(ZZ20.2) .0

PRINT =#-3,TMS5G%
GLOCATE(ZE@ »10) +@

PRINT #-3,"{Total income is"3TTINC:" milliomi"™
FOR I=1 TD 1o@e@d

NEXT 1

SCHEEN 1

END

Oct

Mou

Dec"
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Printing Graphics Displays

Thete arc many ways to use the stand-alone utilitics {described in Graphic Utilitics). The following discussion
demonstrates one way to use the utilities with graphic displays generated under BASICG.

To pnnt graphics, follow these steps:

1. When TRSDOS Ready appears, set FORMS to allow 255 characters per ling and 60 lines per page. (See your
Maodel 4 Disk System Owner’s Manual.)

2. Set the printer into Graphic Mode, if possible, and set the printer’s other parameters (elongation, non-elongated,
etc.), if applicable, according to instructions in your printer owner's manual.

Write, run and save your program as a BASICG program file,

3
4, Save the graphics memory to diskette using GSAVE.
5. Load the file into memory using GLOAD.

f

. Enter the print command GPRINT.

Example
1. Set FORMS with your printer’s printing parameters,
2. Load DASICG and type in this program:

5 SCREEN @
L? DEFDBL ¥
2@ CLR
A@ L INE (@.,120)-(B4@120)
4@ LINE (320,0)-(32@,240)
5@ FDR ¥X=0 TO 640
B® PI=3.141259
T8 Kil=H/GC40+2%#PI-PI
B0 Y=SIN(H1}+100
9@ IF ¥>100 THEN K=x+7
12@ PSET (X:-¥+120)
118 NEXT X
128 GLOCATE(@+2) 0
130 PRINT #-3+ "THIS IS A SINE WAVE."

3. RUN the program.

The program draws a sine wave on the Graphics Screen (graphics memory) and prints the statement in line 130
{(**THIS IS A SINE WAVE.") on the Graphics Screen.

4. SINE (for sine wave) is the name we are giving this TRSDOS file. To save the contents of the graphics memory
{which now includes the converted video memory) to diskette, type: SYSTEM"GSAVE SINE® (ENTER.

5. The graphics memory is saved as a TRSDOS file on your diskette.
6. Exit BASIC by typing: SYSTEM (ENTER
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7. Type: CCLE (ENTER
The graphics memory is now cleared,
8. To load the file back inio memory, type:
ELOAD SINE (ENTER)
The display is now on the Graphics Screen.
9. To print, type: GPRINT (ENTER).

FORTRAN Sample Programs

gglgg cC NIGH RESOLUTION GRAPHICS TEST - MAIN PROCRAM
gg2g@ cC

gagigp CALL GRPINI(g)
goagp CALL SCREEN({)
ggsgg C

dgegpg C CTRCLE TEST
ga7eg  cC

LT CALL CTEST
ggepg C

glagag C LINE TEST

Flipgg cC

glzpgg CALL LTEST
grigg c

gLagp C T.TNEB TEST
glLs@gg  C

glegp CALL LBTST
L7 C

glegg cC LINEBF TEST
glsgg cC

gaapg CALL LBFTST
@218 cC

gapgg c PAINTT TEST
g23gg cC

g24gg CALL PTTTST
gasgp c

dg268@ C GET AND PUT TEST
gz27g8 ¢C

gaagd CALL GPTST
p29gg ¢C

gaggg C PESET/POINT TEST
gilgg cC

gazgp CALL PPTST
LEEL] C

gi4pg i PRESET/POINT TEST
gisgg C

g3sgg CALL PRETST
gizgg cC

1
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#3889 C SCREEN TEST
g39gg C

gagga CALL SCRTST
#4199 C

gaz200 C VIEW/FVIEW TEST
g43p4 C ,

gaagg CALL VTEST
gas9g CALL CLS(2)

gaegg END
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aglgg SUBROUTINE CTEST

dazpg C

ggigg E THIS SUBROUTINE TESTS CIRCLE, SETXY, AND PAINT
ggs@gg LOGICAL MSG(29)

Agegg CALL CLS

ga7ge ENCODE(MSG,1¢@)

dgasgg lgg FORMAT( 'TEST CIRCLE, SETXY, AND PAINT')
ggagp CALL SETXY(§,8)

gLApA CALL LOCATE(§)

glipg CALL GPRINT(29,MSG)

gLzpg CALL WAIT

gL3gg CALL VIEW(@,38,639,239,8,8)
d14p8 DO 18 I=1,1p4d

Bls@@ IX=MOD(I*17,648)

glegpg I¥=MOD(I*13,2148)

grL7a¢g IR=I*1.5

glagg START=MOD(I,13)-6.8

gloage END=MOD(I*3,13)-6.0

g2pgg IF (START.LT.END) GOTO 1
g21gp T=START

g2200 START=END

g23pg END=T

g24pp i CONTINUE

gzsp¢ HATLO=MOD(I*3,10§)

P2e8g IF (RATIO.GT.@) RATIO=RATIO/4d.
fg278@ CALL SETXY(IX.IY)

g2ep@ CALL CIRCLE(IR,1,START,END,RATIO)
g29gg 1g CONTINUE

gagpg c

gilgg c RANDOMLY PILL IN THE AREAS
gizgg  cC

g33gp DO 11 I=1,58

gidpg IX=MOD(I*23,64§8)

gasgg IY=MOD(I*11,214})

Ficdp CALL SETXY(IX,IY)

g37ge CALL PAINT(1,1)

Fasgg 11 CONTINUE

EET L) CALL WAIT

H‘EHH CALL ?IEH(H;ﬂ-E]E,EEQr-l,-ll
g4l1p8 RETURN

@az2p@ END
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gargg SUBROUTINE LTEST

gazpg C

gaipgg C THIS ROUTINE EXERCISES LINE
Agagp C

gagsgp LOGICAL MSG(19)

ggegp CALL CLS (@)

ga7gg ENCODE (MSG, 1§#)

gasgg 1¢¢@ FORMAT( 'LINE AND PAINT TEST')
gaagg CALL SETXY(@,8)

glggg CALL LOCATE(@)

pl1pgg CALL GPRINT{19,MSG)

glzpg CALL WAIT

gligg J=1@¢@

gl4pg DO 14 I=1,639,2

glspgg CALL SETXY(I,1l5)

glepg CALL SETXY(I,239)

glL7gg CALL LINE(1,J)

glapgg J=J-1

glogg 1g CONTINUE

g2papg CALL WAIT

g21¢g CALL VIEW(@,15,639,239,8,8)
gaz2pg CALL OLB

g23gg C

g24p8 C DRAW WHITE LINES AND FILL IN RANDOMLY
gzspg C

gzepgg IX=MOD(I*19,639)

@z27dd IY=MOD(I*17,223)

gzapgg CALL SETXY(IX,IY)

gzoggd Do 11 I=1,1@¢

gagpg IN=MOD(I*23,639)

gilge IY=MOD(I*29,223)

g3zgg CALL SETXY(IX,IY)

EET T ] CALL LINE(1l,-1)

gi4gp 11 CONTINUE

gisga DO 12 I=1,58

giepg IX=MOD{I*31,639)

giTpg IY=MOD{I*37,223)

gisgg CALL SETXY(IX,IY)

gigpg CALL PAINT(1,1)

gagpg 12 CONTINUE

ga1pg CALL WAILT

d4a2d C

ﬂllﬂ; C WHITE OUT SCREEN. DRAW BLACK LINES, PAINT BLACE RANDOMLY
ga4p C

gaspg CALL VIEW(@,15,639,239,1,1)
gacgp Do 15 I=1,1@@

d4704@ IX=MOD(I*11,639)

dasgpg I¥=MOD({I*13,223)

g49gp@ CALL SETXY (IX,1Y)

gsggg CALL LINE(@,-1)

gs1@@ 15 CONTINUE

gs2a@ DO 16 I=1,58

ps3p@ IX=MOD(I*17,639)
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gsagp I¥Y=MOD(I*19,223)

gss@g CALL SETXY(IX,IY)

gsegg CALL PAINTI(H,#)

g5788 16 CONTINUE

gsagg CALL WAIT

Psogg CALL VIEW(@,B,639,239,8,8)
Acgag RETURN

gelppg END
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ggLgg SUBROUTINE LBFTST
gg2gg cC

gaigg c LINEBF TEST

gg4gg C

gasgd LOGICAL MSG(11)

faegg CALL CLS

gapg ENCODE(MSG,1gd)

gaagg 1gg FORMAT( 'LINEBF TEST')
gEagg CALL SETXY(§# @)

gLggg CALL LOCATE(@)

gllgg CALL GPRINT(1l,MS5G)
glzagg CALL WAIT

g13pg IXP=639

glagg ICLRE=1

alsgg DO 1§ IX=g@,128

glepg CALL SETXY(IX*2,IX+38)
g17e¢ CALL SETXY(IXF,IXP-4§§)
glepg CALL LINEEF{ICLR)
glopgg IXP=IXP-13

pggg ICLR=ICLR~-1

g21pg¢g IF (ICLR.LT.@) ICLR=1
gazgp g CONTINUE

g23dg CALL WAIT

g24dg RETURN

ga2s54g END
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gg1gp
gp2gg
fgpigg
gpagp
gpsgg
ggegg
gg7gg
ggagg
R
glggg
gria4¢
glagp
g1lige
glapg
glsgg
glegg
H17gg
gledg
#lodg
g2agg
2198
gaada
g23pg
g24dp
gaspp
gzepg
g278d
g2eg@
g29p¢@
gipgpg
gilgp
g3209
g3igp
Fi4gp
@ispga
Eiegp
F3788
gispg
CEST
Fagpa
galpgp
ga200
Fa3pa
g44p0@
gasppg
Facgp
@a7a@
gasgpg
ga9gg
gsagp
gslg@
gszpg
gs3pg

oo

N 0O 0o o 0o Q n

n
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SUBRQUTINE FTTTIST
PAINT WITH TILES TEST

LOGICAL A(65),B(4),I5(16) ,M5G(23)

DATA A(1)/8/

x

DATA A(2),A(3),A(4),A(5)/X 41" ,X"22",X'14",X'¢#8"/
DATA A{6),A(7),A(B),A(9)/X"14"' ,X'22"',X'41" , X"§p"'/
FINE HORIZONTAL LINES

DATA A(1@),A(11),A(12)/2,X"'FF' X'@g@"'/

MEDIUM HORIZONTAL LINES

DATA A(13)/4/

DATA A(14),A(15),A(16) AC(17)/X"FPP' , X'FP' X"gg' X'gg'/
DIAGONAL LINES

DATA A(18)/4/

DATA AL19) ,A(20) AL2)) ,A(22) /X "B3" ,X"@C",X"3@8"' ,X'Cg"/
LEFT TO RIGHT DIAGONALS

DATA A(23)/4/

DATA A(24),A(25),A(26),A(27)/X'C@",X"38" ,X'@gC" , X"'@g3'/
FINE VERTICAL LINES

DATA A(28),A(29)/1,X'AA'/

MEDIUM VERTICAL LINES

DATA A(3¢),A(31)/1,X'cc'/

COARSE VERTICAL LINES

DATA A(32),A(33)/1,X'F@'/

ONE PIXEL DOTS

DATA A(34),A(35),A(36)/2,X'22',X'@@g"'/

TWO PIXEL DOTS

DATA A{37),A(38),A(39}/2,X"997 X"66"'/

PLUSES

DATA A(4@) ,A(41),A(42),A(43)/3,X'3C",X"3C" ,X'FF'/
SOLID

DATA A(44) ,A(45)/1,X'FF'/

BROAD CROSS HATCH

DATA A(46),A(47),A(48),A(49)/3,X"92",X'92"' , X'FF'/
THICK CROSS HATCH

DATA A(SE)/4/

DATA A(51),A(52),A(53),A(54)/X'FF' ,X"'FF' ,X'DB' ,X'DB"/
FINE CROSS HATCH

DATA A(54),A(55),A(56)/2,X'92" ,X"'FF'/

ALTERNATING PIXELS

DATA A(57),A(58),A(59)/2,X'55"',X'AA"/

DATA B(1),B(2),B(3),B(4)/1,8,1,X'FF'/

DATA IS(1),IS(2),IS(3),IS(4),IS(5),158(6)/1,14,13,18,23,28/
DATA IS(7),I5(8),I5(9),I8(18),I8(11)/38,32,34,237,48/
DATA IS(12),I5(13),I5(14),IS(15),I5(16)/44,46,58,54,57/

CALL CLS

ENCODE(MSG, 188}

FORMAT( 'PAINTT AND SETXYR TESTS')
CALL SETXY(@,8)

CALL LOCATE(@)

CALL GPRINT(23,6MS5G)
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CALL WAIT
PAINT ON A BLACK BACKGROUND

DO 14 I=1,16

CALL SETXY(#,48)

CALL SETXYR(639,199)

CALL LINEB(1l,-1)

CALL SETXYR(-=30@,-1¢8)
ITMP=IS(I)

CALL PAINTT(A(ITMP),1,B)
CALL WAIT

CALL VIEW(@,40,639,239,8,98)
CALL VIEW(g,9,639,239,-1,-1)
CONTINUE

PAINT ON A WHITE BACKGROUND

DO 11 I=1,16

IF(I.EQ.12) GOTO 11

CALL VIEW(f@,49,639,239,6,8)
CALL VIEW(@,9,639,239,-1,-1)
CALL SETXY(#,48)

CALL SETXYR(639,199)

CALL LINEBF(1)

CALL SETXYR(-3¢g,-10¢)
ITMP=IS(I)

CALL PAINTT(A(ITMP),f,B(3))
CALL WAIT

CONTINUE

RETURN

END

111




Model 4 Computer Graphics

goleg SUBROUTINE GPTST

gg2p8 C

go3pg C GET AND PUT TEST

gg4agg C

ggsgg LOGICAL A(1009¢),MSG(16)
gagegg CALL CLS

gaI98 ENCODE(MSG,140)

gosgg  1gp FORMAT('GET AND PUT TEST')
ggogg CALL SETXY(d,8)

g1oa9 CALL LOCATE(#)

#gl1pg CALL GPRINT(16,MSG)

#1209 CALL VIEW(g,30,639,239,8,0)
g13g9 CALL SETXY(1g@,104)

plagg CALL SETXYR(34,3d)

g1s569 CALL LINEBF(1l)

glepp CALL GET(A,1949)

#1709 CALL CLS

g18gg CALL WAIT

#1949 CALL SETXY(1¢d,1¢80)

g200@ CALL PUT(A,l)

#2199 CALL WAIT

#2209 CALL VIEW(#,#,639,239,8,-1)
g2399 RETURN

g2499 END
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pErgg SUBROUTIME pPRTET

gp2ap C

gpigg  C PSET BAND POINT TEST
phagg C

dasga LOGICAL POINT,MSG(21)
Adepd CALL CLS

ga7dg ENCODE (MSG, 148

gasgg  1g@ FORMAT( 'PSET AND POINT TEST')
ggagg CALL SETXY(@,#)

Aglagg CALL LOCATE(#)

gLipg CALL GPRINT(19,MSG)
Pl2gp CALL WAIT

glagg CALL CLS

M agg c

glsgg cC SET AND CHECK ALL PIXELS
Flegg C

@178 DO 1§ I=g,639

glagg DO 11 J=4,239

glogp CALL SETXY(I,J)

gageg CALL PSET(1)

g21ed E=POINT{L)

g22p@ IF(K.EQ.F) GOTO 999
g23gg 11 CONTINUE

@249 19 CONTINUE

g5 C

@26@@ C RESET AND CHECK ALL PIXELS
gaigg ¢

gzegp DO 12 I=4,639

g2o@g DO 13 J=g,239

giggg CALL SETXY(I,J)

gilgg CALL PSET(#)

gizgp E=POINT(L)

gi3ge IF (K.EQ.1l) GOTO 999
@34pg 13 CONTINUE

gisgg 12 CONTINUE

gicgg CALL CLS

g3Tge ENCODE(MSG,181)

gig@Eg 181 FORMAT( 'PSET AND POIMT PASSED')
giogg CALL SETXY(@,8)

dagpa CALL LOCATE(@)

Falpgg CALL GPRINT(21l,MSG)
ga2g9 GOTO 1@@g

ga3pg 959 CALL CLS

ga4pg ENCODE(MSG,182)

dasgg 142 FORMAT( 'PSET AND POINT FAILED')
Pacgy CALL SETXY(§,8)

aa7pa CALL LOCATE(@)

g48p¢@ CALL GPRINT(21,MSG)
LT lggd CALL WAIT

aspgpp RETURN

gs1@@ END

113



gglgg
gpzpg
gg3ge
geapg
gpspg
pggegg
geTgp
gasgg
gaoge
Alggp
grLipgg
@12dd
glagg
glagg
@150 8
glegd
ALTEd
grLegp
plogg
gappd
g2149
A22p0
g23pg
g24pp
@gz2s5@g@
A2e00
g27p8
g2apgg
g2ada
gigag
g3lgg
gizpg
g33g@
kR 1]
gasgg
giegg
gi7ag
giagg
giepg
gagag
galgg
g4z2ap
gaigg
#4400
g4s5g@
Ad4epa
da7op
LT
g49gg
gsgpp
g510g

anc

1g8

N

11
19

13

1,

999

lg2

la@@
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SUBROUTINE PRETST

PRESET AND POINT TEST

LOGICAL POINT MSG(23)

CALL CLS

ENCODE(MSG,190d)

FORMAT{ 'PRESET AND POINT TEST')
CALL SETXY(@,d)

CALL LOCATE(@)

CALL GPRINT(23,MSG)

CALL WAIT

CALL CLS

SET AND CHECK ALL PIXELS

DO 1 I=@,639

DO 11 J=@,239

CALL SETXY(I.J)
CALL PRESETI(1)
K=POINT(L)
IFIK.EQ.@)Y COTD 999
CONTINUE

CONTINUE

RESET AND CHECK ALL PIXELS

DO 12 I=¢,639

DO 13 J=§,239

CALL SETXY(I,J}

CALL PRESETI(@)
K=POINTI(L)

IF (K.EQ.1) GOTO 999
CONTINUE

CONTINUE

CALL CLS
ENCODE(MSG, 1§1)
FOEMAT( ' PRESET AMD POINT DBASSED')
CALL SETXY(@,#)

CALL LOCATE(@)

CALL GPRINT(Z23,MSG)
GOTO lggd

CALL CLS
ENCODE{MSG,182)
FORMAT( 'PRESET AND POINT FAILED')
CALL SETXY (@, 5)

CARLL LOCATE(@)

CALL GPRINT(23,MS5G)
CALL WALT

RETURN

END
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gg1ep
gazpg
ggigg
ggagg
pEsgp
gecgg
ga7eg
ggegyg
peoIgg
glggg
g11@9
dglzop
g13gg
glagp
#lsgg@
2legp
grL7ee
glegg
plogg
p2gg@
g21p¢
g2208
g23gg
2499
@g25p0
g2egg
g27@@
g28gp
p29ga
gigeg
#@31pg
gizgg
#3380
g34g¢
gisgg
Bicgd
g37g@
gisgg
giogg
gagaeg

non

1@

naon naon

naon
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SUBROUTINE SCRTST
SCREEN TEST

LOGICAL MSG(1l)

CALL CLS

ENCODE (MSG, 148)

FORMAT (' SCREEN TEST')

CALL SETXY(d,d)

CALL LOCATE(@)

CALL GPRINT(1l,MSG)

CALL WAIT

CALL SETXY(38¢,128)

CALL CIRCLE(1@#,1,0d.¢,6.28,4.5)
CALL CIRCLE(l@#,1,0.¥,6.28,0.25)
CALL CIRCLE(5¢,1.0.0,6.28,8.5)
CALL PAINT(1,1)

GRAPHICS SCREEN

CALL SCREEN(@)
CALL WAIT
CALL WAIT
CALL WAIT

TEXT SCREEN

CALL SCREEN(1)
CALL WAIT
CALL WAIT
CALL WAIT

GRAFHICS SCREEN

CALL SCREEN(@)
CALL WAIT
CALL WAIT
CALL WAIT
RETURN

END
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gglgg SUBROUTINE VTEST

gg2pgg ¢

ggagp c VIEW AND FVIEW TEST

gE4pgg cC

gasgg INTEGER FVIEW

gdepp LOGLCAL MSGLL19)

gg7dd CALL CLS

gpepp ENCODE(MSG, 184

ggogg  14¢ FORMAT( 'VIEW AND FVIEW TEST')
dlpgd CALL SETXY(#,8)

glidg CALL LOCATE(S)

dlagd CALL GPRINT(19,M5G]

gligg CALL WAIT

gl4pgp c

glsgg cC DRAW VIEWPORT AND CIRCLES
Flegg C

g17de CALL VIEW(gZ,48,639,239,48,1)
glegy CALL DCIRCL{1l)

glogpg C

gzgpE  C DRAW VIEWFORT AND LINES
g21gg

gz2pp CALL VIEW(2§,58,619,229,1,8)
g23gp CALL DLINE(f)

g2488 cC

gacpg G DEAW VIEWFORT AND CIRCLES
g2edg C

ga7ag CALL VIEW(4¢,68,599,2d2,4,8)
gaegy CALL DCIRCL(L1)

g9 C

giggy  C DHAW V1EWFURT AND LINES
gilgg c

gizae CALL VIEW(6d,76,579,199,1,1)
gilpgg CALL DLINE(g)

gi4gg C

gisgg e CLEAR SCREEN

gieggs C

giTag IX1=FVIEW( @)

PR I¥Y1=FVIEW(1)]

giagy IX2=FVIEW(2)

gi09 @ I¥Y2=FVIEW(1)

gal1gg CALL VIEW(6@-IXl,7¢-I¥Y1l,6@+IX2,4@8+1¥2,8,1)
ga2pg CALL CLS

ga3dg RETURN

fadpmy END
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Aasgy
LELLY]
Ba7EH
gaapgg
B4iSgp
LEYI)
gsle¢
#5284

5398
Asagg
gasgd
Esegg
gs78d
Asagg
R0
Aeggg
g6ligy

19
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SOBROUTINE DCIRCL{ICLRE)

CALL SETEY{148,1d8)

0O 1f I=5,388.5

CALL CIRCLE(I,ICLE,8.8,6.28,8.5]
CONTINUE

CALL WAIT

BETUEN

END

SUBROUTINE DLIME({ICLR)
DO 11 I=2,288,4

CALL SETXY{-1§,-1%#)
CALL SETXY (I+288,1)
CALL LINE(ICLR,-1)
CONTINUE

CALL WAIT

RETURN

END
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AglLgg SUBROUTINE WAIT
i ¢
c THIS SUBROUTINE INTRODUCES A
e = TRODUCES A TIME DELAY
gasgg DO 1l J=1,2¢8
i DO 1@ I=1,l1Q@@p
geg7eg 1@ CONTINUE
ggegg 11 CONTINUE
LR RETURN

glpdp END

118



Appendix E/ Base Conversion Chart

&
Appendix E/ Base Conversion Chart

DEC. HEX . BINARY DEC. HE¥ . BINARY
a il poodpd0d ag 28 edldiede
1 M AOAAAAR1 a1 729 aniataa
2 D2 do0e2R1d 4z 2A eo10101@
3 23 danednLl 43 28 gaLd1ALL
4q @4 deaa2100 44 2C palal10@
5 95 deoed1al 45 2D 0o101101
& it depeRL1@ 45 2E PR101110
7 a7 deoeR111 a7 Z2F dei1d1111
g 0a eoa@1aa@ 48 3@ Ael11dd@a
8 @9 d0aQ1OB1 419 31 opil@eal

10 a8 doedLR1@ 50 32 d211001¢
11 il oOPDLOL1 L a3 00110011
12 ac ¢oRDL100 52 34 ea1101Q@
13 a0 oaeP11@1 53 35 PA11G1@1
14 2E oAQP1110 54 e 3 221190110
15 aF cadp111] 55 a7 ga11e111
16 10 001 000e 56 aB OA1119090
17 11 dedldedl 57 33 ddiiidel
. 1B 12 AARLABLIEA =g 30 dR111010
19 13 peP1OD11 59 3B oe111011
Ze 14 PPD10100 EP 3C 20111190
21 15 epA1IP1Q1 Bl 20 0111191
22 16 PRB1IEL10 z 3E PR111110
z 17 o0P10111 683 aF 111111
z2d 18 PAR11009Q Bd an 1000000
29 ig gppiiaal B85 a1 F1o00ad1
26 14 PAR11010 BE az pledeeio
2 18 08011811 B7 a3 1000011
ZH 1C fpPll1ee B8 a4 Plevwleo
29 10 fpR111@1 B9 45 1000101
] {E ARA11118 74 Filcs A1eGEa11d
31 IF oe@11111 71 47 d1eed111
az 20 0F12Q00¢ s 48 dle@idap
33 21 APRIEARA1L 73 49 giogiedt
34 z AR1OGR10 74 aa 21eQip1a
a5 b | 2A18001 1 75 48 gi1ed1¢11
3s 2 eP100180 76 4c 1001100
37 sl ap1ee1e1 77 4o @l1e@l11ot
38 Z6 FO10G11d 78 4E pledt1ie
39 27 R1@d111 79 4F @1@@1111
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HEX +

BIMARY

algioeoe
21010801
dlgleale
dleleoll
eldloioe
die1dird
d1ple11@
d1d1d111
diglieaa
digl1em1
pleiig1e
d1@d11211
digliiae
a1é1:11d1
dildit11@
gi1d11111
pilcoodd
R11@@0D1
plig@@io
pii@dedil
Rile@ivn
Aiideia1
eiide11e
¢i1100111
¢1101009
glieipel
¢11d1pi0
el1iei@1t
@11@1108
@l1id11d1
eligi11a
@1i1d1111
@l1iiooed
alilopet
d111d018
e111e@1l
dliiei1a@
dl1iieiad
gl111@11@
gli1@111

e . e

HE¥ .
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BINARY

@111190@
glilieal
dliiie1o
el111@11
fl1ii1100
01111191
gliiille
¢1111111
ladedeaa
1d0a0a81
iea0anid
| pdaaG11
igeddloe
ipgdd1al
legde@llo
ledp@iil
lgp@ioad
lapeiodl
lep2ioie
lep@d1011
lgedliaw
iedd11e1
igadliie
1a801111
l@ddiaopd
idgioadl
lep1@e1@
igpioell
1¢@¢lo1ae
l@gd1@idl
1¢@1@11@
1a@i0111
lealioee
1d@l1101
lgatiele
1811211
igel1110a
1g@11181
ieai1111@
ig@11111
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DEC. HE « b INARY

1664 Al iplea@ad
161 Al iplgo0@l
162 AZ 11202140
163 Al l@18de11
164 Al lg120100
165 NS 181021021
1EB AB ipieel110@
187 Av ig1e@l1ll
1GB AB igiataae
169 A8 121¢1001
172 AR 1@1@1e1p
171 AE 1@d1@1811
172 AC ie1e1108@
173 AD 1e1@11@1
174 AE ip1@111@
1735 AF w1111t
176 Bd 1@11d00@
177 Bi idiiedal
178 B2 1¢11@010
178 B3 1@11e011
1B@® Bd 1e11¢1a8
1B1 BS 18110121
182 oG id11112
183 B7 ig11e111
184 Bg i¢g111@0@
185 B3 18111001
186 BA ig111@1@
187 BB 19111811
18E BC ig11110@
188 BD 1811111
19¢ BE ig11111@
181 EF ig111111
182 Ca 11dppaed
183 Ci iloegadl
194 C2 iiadeele
195 cC3 ligddelil
196 c4 l11ed@189@
19?7 cCS liepdial
198 CB 11020110
1949 C7 l1vewlll

Appendix E/ Base Conversion Chart —

DEC. HE X « BINARY

Zea CB ileaiead
221 ca 118d1@21
282 CA 110aie10
203 Le Ligol@dll
204 CC 11¢01100
285 co 1121121
bl o CE 11001118
2ae7 CF 11021111
prd o] o2 ligie00@
209 D1 11¢12021
Z1@ o2 ii¢1d@i0
211 D3 11010011
212 oa liplaioe
213 DS 1le101@1
214 DE L1e1d11@
L12 o7 Lididlll
Z21E Ce Ligligae
217 D8 lid11edt
218B DA ligiie1@
218 ce l1@11011
z22e oC l1@11120
221 oo 1id111@1
222 DE 111110
223 OF 11811111
224 E@ 111e0000
229 El 111@dee1
2268 E2 111e01@
227 E3 11108211
228 Ed i1ied1e@
228 ES 11182121
3@ EE 1118@11@
231 E/ 1118111
232 E8 11191009
233 EQ 11101001
234 EN 111118
235 EEB 11121011
236 EC 111@11ea
237 ED 11181121
238 EE 11161118
233 EF 11101111
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Model 4 Computer Graphics

BEC. HEX « BINARY

24 Fé 11110@00
241 F1 11110041
242 F2 11119010
243 F3 l11id@11
244 Fd l111@1@@
245 F5 t111@101
24B FG& 1111@11@
247 F7 11110111
248 FE 11111020
249 F9 11111021
259 Fh 1111101 @
251 FB 11111011
202 FC 111111082
253 FD 11111121
254 FE 11111118
Zaa FF 11111111
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Appendix F/ Pixel Grid Reference

Appendix F/ Pixel Grid Reference

The following hexadecimal numbers include commonly used tiling designs.

Important Note: You cannot use more than two empty rows of tiles when tiling or you'll get an lilegal Function

Call error.

Example {four rows of empty tles):

CHR${EHFF}+CHR$(EHFF ) +CHR®(BENA2 ) 1 CHRE(EH@2 ) +CHR$ (LHQR ) +CHRS (EHAG)

gives you an lllegal Fanction Call error.
], R

CHRE{(&HA1 )} +CHRS(EH22)+CHRE (RHI4)+CHRS (BEHAS ) +CHREIBH1 D
+CHR$ (AHZZ )+ CHR$ (EHAL ) +CHRS (BHOD )

Hex

41

22

14

08

14

= lm e ml==
=
~lmla | wm|~|=

22

41

wm a | m|m || m|=®w

W Em s @™ =~

m | =

mlm|=m]|-|=
mlmlslwljlr  ajlal=
wmlm|la|lm ===
wm | =
mlFr|a|lms|lm|s|= ]+

[ ]

“Fine'" horizoital hines

CHR& (&HFF )+CHR$ (&HA@ )

0o

wm |~
=
=
=
=
=
—
=
=

Decimal
65
34
20

8
20
34

€5

Decimal

255

123



3.

“Medium' horizontal lines

CHR$ (&LHFF)+CHR$ (&HFF)+CHR® (BHOD ) +CHRS (BHREO)

. Diagonal lines

(Right to left)
CHR$(&EH@3 ) +CHR$ { EHAC} +CHR®(BHI3D ) +CHRE{EHC@ )

B 2 g g g g 11 1
g |8 g |1 1|8 |#
./ g 1 1 g g1 e g
1 1 g § 2 g1 g
(Left 1o raghit)

CHR$(BHC@)+CHR$ (EH3@) +CHR3 {EH@C ) +CHRE { EHE3 )

i 1 [ g [ gls g
a g 1 1 g g @ g
g g g g 1 1 14# g
# @ A [ g -l 1

Model 4 Computer Graphics

FF

0o

Hex
03
oC

30

co
30
oC

03

Decimal
255
255

0

0

Decimal
3
12
48

192

Decimal

192

12

124



Appendix F/ Pixel Grid Reference

5. “"Fine'" wertical lines

CHR®&{EHAR )
Hex Decimal
1 H i | .ﬂ 1 E 1 H AA 170
6 Mediom® vertical lineg
CHR% (BHCC)
Hex Decimal
1 X ') @ 1 1 g g l cc 204
7. “*Coarse’” vertical lines
CHR$ {BEHF®)
Hex Decimal
3 I 1 1 1 @ g1 [} FO 240
&, One-pixel dots
CHRE(EHZZ ) +CHR% (BHE@ )
Hex Decimal
g |2 |1 g1 |9 22 34
g g g | s|s |» 00 0
=
g, Two-pixel dots
CHR%(EHS9)+CHRS$ { &HGE )
Hex Decimal

8 66 102

1 e e 12 |2 gle |2 09 153
1|1




Model 4 Computer Graphics

I, Ploses (** + ")
CHR$ {AH3C)Y+CHR$ (EH3C)+CHRS ( BHFF )

Hex

l 1l 1 1 ac

1l 1l 1 1 [} ac

1 1 1l 1 1 1 1 1 FF
11. Solid (all pixels ON)

CHR% (&HFF )

Hex

1 1 1 1 1 1 1 1 FF
12. “*Broad'" cross-hatch

CHR$(LHIZ2Y+CHRS (BHOZ Y+CHR$ (&EHFF )

Hex

1 g g 1 g 1 g g2

1 1} g 1 ) gl1 g 92

1 1 1 1 1 1 d 1 FF
13. **Thick"" cross-hatch

CHR% {EHFF Y+CHRE { EHFF Y+ CHRS (DB ) t CHRE{ &HDB)

Hex

1 1l 1 1 1 1 1 1 FF

1l 1 1 1 1 1 1l o | FF

1l 1 1 1 B 1 1l DB

1 1 1 ! 1 1 DB

Decimal
60
60

255

Decimal

255

Decimal
146
146

255

Decimal
255
253
2149

218

126



Appendix F/ Pixel Grid Reference

14. “*Fing'" cross-hatch

CHR% (EHBZ)+CHRS$ {&HFF )

) Hex Decimal
1 |8 |9 l 1 | & I g | 1 I g I 92 146
1 1 1 | 1 1 l 1 l 1 | 1 I FF 255
15. Alternating pixels
CHR${&HSEY+CHR$ { LHAA )
Hex Decimal
'] 1 I # 1 [} 1 l g 1 55 85
[ | 1 ['] 1 [} | 1 g AA 170
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Appendix G/ Line Style Reference

Appendix F/ Line Style Reference

__T',rpe Binary Numbers Hex Decimal
Long dash DO0O 0000 1111 1111 &HOOFF 255
Short dash 1111 0000 1111 0000 LHFOFD -3856
“Short-short” dash 1100 1100 1100 1100 &HCCCC -13108
Solid Iine 1111 1111 1111 1111 LHFFFF -1
OFF/ON 0101 0101 0101 0101 &H5555 21845
"“Wide" dots 0000 1000 000D 1000 &HOB08 2056
“Medium” dots 1000 1000 1000 1000 &Hesss -30584
“Dot-dash” 1000 1111 1111 1000 &HBFFB -28580
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Index

absolute coordinates 4042 83 1O port mapping 4]

AND 34, 35, BO, 87 LINE 11, 23-25 a9, 71, 88, 95

arc 13, I8 LINE-CMD 69, 75

array 19-21, 34, 35, 40, 72-74, 80. 89-9%0 line styles 23, 24, 129

array limits M), 73,4 LINER 6. 71, 6-77, 95

ATy NAme 19, 20, 34, §7, 88 LINEB-CMB 64

aspect ratio 13. 14, 17,72 LINEBF &9, 71, 76-77, 95

BASIC 5. 11,19, 34-35, 70 LEINEBF-CMI> o9

BASICG 7.1, 12, 28, 33, 34, 35, 69, 97, 103 loading BASICG 11, 12

BASICG command 11, 13 LOCATE 71,95

BASICG error messages #9-93 LOGICAL 72-81, 52-84

BASICG functions 12, 13 notational conventions 5

hinary nemhers M 12912 NUMETIC EXPIEssions |5, 26

Cartesian sysicm B. 12,40, 82, B3 numenc vialues 13

CIRCLE i1, 13-19, 71, 72, 87. 95 aplions programming Hiy

CLR 11. 87 R 34, 35, B-B1, 87

CLS 71, 8T, 95 PAINT 11, 25-30, 40, 69, 71, T8, 88, 95
communicaton drivers 45 PAINT-CMD 69

current cootdinatzs 69, 70, 72-73, 82 FAINTT 69, 71, T8-T79, 93

DEBUG 45 PAINTT-CMD &9

e T73-74, Bi, 83 pie- slice 13

double-precision k2 pixel 7.8, 23-24, 26, 27, 30-34, 35, 71, 73, 79, BD. &4,
ellipse 5, 17-19, 71, 87 BS, 123

FORMS 47, 103 piRel area 19-20, 35, 3%, 39, 72-73, %0-81. B8
FORTRAN 5,45 6971, 75, 104, 105 POINT 12, 30, 31, 71, 84, B8, 96

free memary i1, 28. 70 PRESET 1. 32, 33. 34, 35 71. 79. B0-81. B7. BE. 96
FVIEW 71, 84, 95 previous coordinates &9, 70, 72-73, B2
GCLS 45, 44, 87 FRINT #-3 11, 33, BB

GET L4920, 35, 40, 71, 72-7%, 9% prinkcrs 5

GLOAD 45, 46, 49, B7-88 PSET L1, 33-35, 38, 71, 80, 87, 48, 96
GLOCATE 11, 21, 22, 32, 87-88 PUT 1h, 19-20, 34-36, 38, 39, 71, 80-81, %8
GPRINT 45, 47, 71. 74, 75, 88, 98 real 0, 73

GPRT 2 45, 48, 88 REAL 72

GPRT 3 45, 47-4%, BR relafive origin 40, B2.83

gruphics board £5, 86 resalution 7

GRAPHICS ERROR 70, 15 SCREEN 11, 39, 71, BI, B8, 96
glaphics sy 4547, 48, 49, [03-104 - SCREEN-CMD 12. 81

graphics utilines 4544 screen dump 47

GROFF 45, 45, 58 SETXY 69 70, 71. 73, 76, 82. 96

GRON 43, 49, B8 SETXYR 69, 70, 71, 75-T6, B2, 96
GRPINI 71,75, 95 single-precision 12-13, 1718, 87
GRPLIRREL &0, 0 staring up i2

GEAVE 45, 49, 88 strings 26-28

hard disk 4 subrouting library 7,69, 70, 83. 95

nex numbsers I3, 24, 28-29 413,129 texl screcn B, 11, 13, 39, K1, 85, &7
imitialization 6970 video display B, 85

mieger 13-4, 19, 20, 73 VIEW i1, 40-42, 71, B2-83, 88, 06
INTEGER. 72,73, 74, 76, B2-83 VIEW icommand) i, 40-42

Integer range 8. 15, 23, 24, 75-76, 89 VIEW (funcipm) 12, 43-44, B2 #3, 88

vicwport P, 12, 40-44, 71, B2-82, B4, BH
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