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Model 4 Computer Graphics

To Our Customers . . .

The TRS-80% Computer Graphics package revohitionizes 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
endless!

The TRS-80 Computer Graphics package includes a:

& Computer Graphics Diskette
® Computer Graphics Operation Manual

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

Included o the Graphics diskeie ane:

® TRSDOS Version b

® Oraphics BASIC (BASICG)

® Graphics Subrowtine Library (GRPLIB)

® Ciraphics Livilites

# Sample Programs in BASICG and FORTRAN

To prnt graphic displays. you can use any Radio Shack printer that has graphic capabilitics such as Line Printer 11

(26=-1167), Line Printer VII (26-1168). DMP-100 (26-1253), DMP-200 (26-1254), DMP-400 (26-1251), or
DMP-300 (26-1252).

You can also wiilize the Graphics Subrontine 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 Uverview

® 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 Chapters 1. 2 and 3. along with Appendixes A, B. D, and E of this manual.

It i’s Giraphice applications in FORTRAN you're afier, refer to the TRS-80 FORTRAN manual. Then read Chaplers
I, 2, 3, and 4 as well as Appendixes C. D, E, and F of this manual.

Note: This manual is written as a reference manual for the TRS-80 Computer Graphics package. It is not intended
as a reaching 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
B.P}'JUH.I.'.

lowercase italics Fields shown in lowercase italics are vanable information that you must substitute
a value for.

(ENTER) Any word or character contained within a box represents a keyboard key to 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 Punciuation other than ¢llipses 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
commi, & commd followed by one or more blanks. or by onc or more blanks.
Blanks and commas may not appear within an operand.







Computer Graphics Overview

1/ Computer Graphics Overview

Graphics 15 the presentation of dimensional artwork. With TR5-80 Computer Graphics. the artwork is displayed on a
two-dimensional plane — your computer screen. Like an artist's easel or 4 teacher’s blackboard, the screen is a
“drawing board™ for your displays.

TRE-80 Computer Graphics has two colors:

& RBlock (OFF)
® White (0N

Graphics programming is different from other types of programming becpuse your ulimate result 15 a pictorial
display (bar graph. pie chan, ete.) rather than textual display (sum., equation, ctc.). This is an important distinction.
After working with graphics for a while, you'll find vourself thinking “*visually™ as you write Programs,

In computer-generated graphics, displays can include tables, chans, graphs, illustrations and other tvpes of artwork,
Onee they're created, you can 'paint™ displays with a waricty of styles and shapes, or even simulate anisation,

The Computer Graphics program uses a “high-resclution’” screen. The more addressable points or dots (called
piaelst on g cempeter’s sceeen, the higher the resolution, A lower resolution screen has fewer addressable piaels,

| L we—ed
.

PINEL r——

P L | il -
S L
- l |
j | - [_
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 10 239)
— you can draw 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 turned OFF,

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




Model 4 Computer Graphics

The Graphics Screen

TRS5-80 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 retum lo TRSDOS. It will be cleared when
you re-enter 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 # horizontal X- and a vertical Y-axis) However, unlike some coordinate systems, TRS-80 Computer
Ciraphics’ coordinate numbering starts in the upper-left corner — (0.0) — and increascs toward the lower-right
comer — (639,239}, The fower-left comer is (0,239) and the upper-right corner is (639.0),

Since the screen is divided into X-Y coordinates (like the Cartesian system), each pixel is defined as 3 unigue
position. In TR5-H0 Computer Graphics, you can directly reference these coordinates as you draw.

About Ranges...

Some TRS-A0 Computer Graphics commands accepr valnes within the Model & integer mange (= 32768 1o 327A7),
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,
thesc points are part of what is called Graphics “‘imaginary'" Caresian system,

'd N
(0,0) {639.,0)
(0,239) (639,239

N J

Figure 2. Graphics Visible Screen




Computer Graphics Overview

y (0, - 32768)

=4 Lte=h

X (- 32768.0) — (0.0) — (  32767,0)

(=4 (+:+)

(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 snd run a BASIC file from either BASICG or BASIC, You cannot run programs that contain B ARG
statements while in BASIC.

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

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

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

BASICG Commands

Command Description

CIRCLE Dvaws a circle, arc, semicircle, elc.

CLR Clears the Graphics Screen.

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

GET Reads the contents of a rectangle on the Graphics Screen into an array for future
use by PUT.

LINE Draws a ling from the startpoint to the endpoint in the specified ling style and color
Alzo creates a box

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

PRESET Setz an individual dot {pixel) OFF {or ON).

PRINT #-3 Writas charactors tn the Graphics Sereen

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

PUT Stores graphics from an array onto the Graphics Screen,

SCREEN Selacts the Graphics or Texl Screen

VIEW Creates a viewport which becomes the current Graphics Screen.

Table 1
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BASICG Functions

Function Description

&POINT Returns the OF F/ON color value of & pixel.

Table 2

Starting-Up

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

To load BASICG:

L. Power up your System according to the start-up procedure in your Model 4 Introduction to Your LSk Sysiem.
Insert the backup diskette into Drive 0.

Initialize the System as described in your Model 4 Iniroduction te Your Disk Sysiem.

I oLa B

When TRSDOS Ready appears, type:

BasIcG (ENTER)

The Graphics BASIC stan-up prompes, followed by the READY prompt appear, and you arc in Graphics BASIC,
You can now begin BASICG programming,

Remember that Model 4 numeric values are as follows:

Model 4 Numeric Values

Numeric Type Range Storage Reguirement Example

Integer — 32768, 32767 2 bytes 240, 639, - 10

Double-Precision = 1410, —1s10"%° 8 bytes 1230000.00

+ 141078, + 1«10 %8 3.1415926535897932
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 &
comma. When you do not specify an available option (€. g., you use the default value) and you specify subsequent
options, Yol must still enter the dehimiter or a Syntax BError will result. (See your Model 4 Lisk System Owher's
Muanwgal for more iInformation. )

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

T CIRCLE comipaid lets you diaw [1ve Lypes of Dguies,

TN Do

Circle Ellipse Arc Pie-Slice Point

Figure 4. Types of Displays with CIRCLE

With CIRCLE. vou can enter values for P1iand 2 x Pl} up to 37 significant digits without getting an overflow crror,
However, only 16 digits are displayed.

3.14159265358979323684626433832795028841
6.283185307179586476925286 7665590057682

13



Model 4 Computer Graphics

Howewver, you'll probably only be able to visually detect a change in the circle’s starr 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 x PI (e.g., 6.2832 will
not work) or an lHegal Funcion Call érror will oceur.

(x,y)
Centerpoint

The (x.¥) coordinates in the CIRCLE statement specify the centerpoint of the figure. ¥ and v are numeric expressions
in e deger number range.

Example
CIRCLE {x,y).r
GIRCLE (320,120).r
_ Centar
Figure 5. Center of Circle
r
Radius

The radius of a circle is measured in pixels and is a numeric expression in the integer range. Radius 15 the distance
from the centerpoint to the edge of the figure. Although a pegative value will be accepted by BASICG, the reculis of
using a negative valug are unprediciable.

The radius is cithcr on the X-axis or Y-axis, depending on the aspect ratio (sce wr). If the aspect ratio is gicater than

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

Example
1@ CIRCLE(320,128),108

This crample draws a circle. The radius is 100 and the centerpoint is (320, 1203,

c
Color

You can get the ONJOTIT (white/black) calor of a figure’s border and radius lines (see chart/end) by specifving a
numeric value of 1 or 0.

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

14



Graphics BASIC (BASICG)

_— Baorder

Figure 6. Border of Circle
start/end
Startpoint/Endpoint of Circle
The range for starr and end is {0 to 6. 283185 (2 x PI).
If you do not eater srard and end, the default valucs of 0 and 6.28, respectively, are used,

A negative start or end value will cause the respective radius 1o be drawn in addition to the arc (1., it will draw a
“picce of e pic™). The aciual star and endpoinis are determined by taking the absolute value of the specihed start
and endpoints. These values are measured in radians

Note: Kadius will not be drawn if start or end is —0. To draw a radivs with star? or end as 0, you must use
= 0.000,,.01.

12:00

Figure 7. Clock/Radian Equivalents

15
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You can draw semicircles and arcs by varying siarr and end. If siarr and end are the same, a point (one pixell wall
be displaved instead of a circle.

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

only one radius hine is drawn,

and

Radius

Canter

start

Figure 8. CIRCLE's (=) start, (=) end

Center

Figure 9.

end

e

L Radius

CIRCLE's (+) start, {—) end

Degrees Radians Clock Equivalent
0 ¥ 3:00
an 1.57 12:00
180 314 Q.00
270 4.71 6:00
360 f.28 3:00
Tahle 4. Degree/Radians/Clock Equivalents




Graphics BASIC (BASICG)

Hints and Tips about start and end:

® When using the default values for seary and end, you must use commas as delimiters if you wish to add more
paramelers,

® [f you use PL, it 15 not a reserved word i 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).

Every cllipsc has a “'major axis™" which is the ellipsc’s longer, predominant axis. With an cllipse (as with a <icle),
the two axes are at right angles to each other.

The mathematical equation for détérmining the aspect ratio is:
ar = [ength of Y-axisilength of X -axis

® If the aspect ratio is .5, a circle is drawn.
® If the ratio is less than .5, an ellipse with a major axis on the X-axis is drawn.
® If 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 Noating-point number greater than 0.0 (1o 1#10%). Although a
ncgative value will be accepted by BASICG, the results of using a negative value are wnpredictable.
Hints and Tips about aspeet ratio:

# Entering .5 as the ratio prn&u-::@‘. a circle.

& Numbers between } and .5 produce an ellipse with & major axis on X.

& Numbers over .53 generate an ellipse with a major axis on Y.

® Even though you can enter large aspect ratios, large numbers may produce straight lines.
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Examples

CIRCLE (32Q.:+120),90,1
This exanyple draws a whitc-lurdeied ciicle with the comterpoint of (320,1207 and radivs of %0,

CIRCLE (328120 .80 .1 s 454.7
This statement draws a white-bordered ellipse with an ongin of (320.120) and radius of 9. The major axis is the
Y-anis.

CIRCLE (328+1Z2)+9@4+1+-B42:-5
This statement draws an arc with a vertex (“origin™") of (320, 1207 and radius of 90, sparr 15 6.2 and end is 5. Radioes
lines are drawn for start and end.

CIRCLE (320 +129@) +39 41 +-4
This example draws an arc with a vertex of (320,120} and radins of 9. sars is O and end 35 4. A radivs line is
drawn for end.

18 Pl=3.141592Z86
20 CIRCLE (320,1Z20) +100 1 PT+2%PL 4D

A semicirele 1s drawn.

{9 CIRCLE (159:100) s10@+1,-5-1

28 CIRCLE (22@,1900) ,10@:1,541
Two arcs arc drawn with the same start and end point. The are with the negative start and end has two radius lines
drawn Lo the vertex. The arc with a positive starf and ¢nd has no radius lines

CIRCLE {32@2+12@) +148::-4:6.:1
This statement draws an arc with a vertex at (3N, 1200 and a radins of 140, Seert 15 4 and end 15 6.1. A radius line
is driwn for start,

CIRCLE (3Z@+12@) +1d@s1+8+1+.5
This example draws an arc with a vertex of (3201200 and radius of 140,

Sample Program

4 SCREEN @

% CLR

1¢ FOR ¥ =1@ TO Z@@ STEP 1@
20 CIRCLE (Z0@412Q) s sl rres 9
J@ NEHXT ®

490 FOR Y=10 TO 292 STEFP 1@
S0 CIRCLE (390,108 Y slrrssl
@ MEXT ¥

706 FOR Z=10 TD Z6@ ETEP 14
8@ CIRCLE (300102324l rspsD
9@ MEXT 2

1@d GOTOD 5
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A set of 20 concentric ellipses is drawn with a major axis on Y, a set of 20 concentric ellipses is drawn with a major
axis on X, and a set of 20 concentric circles is drawn, The ellipses and circles in cach of the thiee pIOUps are
concentric and the radius varies from [0 to 200,

CLR
Clears the Graphics Screen

CLR clears the Graphics Screen.

Example

id SCREEN @
Z0 CIRCLE(320 4120 41001

This program line will draw a circle. Now type:
CLik [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

Important Note: BASICG recugnizes two syntaxes of the conmmand GET — thie syotax described i s manaal aimd
the syntax described in the Model 4 Disk System Owner's Manual, BASIC récognizes only the GET syntax
described in the Model 4 Disk System Owier’s Manual.

GET reads the graphic coments of a rectangular pixel area inle a storage array for future use by PUT (see PUTY,

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

The first two byees of array name are s2t 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 area. The remainder of array name represents
the starus of each pixel, either ON or OFF, In the pixel area. The data is stored in 2 row-by-row formal. The data is
stored 8 pixels per byte and cach row starts on a byte boundary.
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Array Limits

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 — each real number in your storage array uses
four memory locations (hyles).

The array must be large enough o hold your graphic display and the rectangular area must inclode all the points you
Want o siome,

Your GET rectangular pixel area can include the entire screen (i.e., GET(0,0) - (639,239), array name), il the array
is dimensioned large enough.

To determine the minimum array size:
1. Duvide the number of X-axis pixels by 8 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 to 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 cize of the rectangolar pixel area i determined hy the (v coordinates veed in GFT

Position: upper-left corner = startpoint = (x1,y1)
lower-left comer = endpoint = {x2,y3)

Size (in pixelsh width = x2—-x1+1
length = y2—yi1+1
Example
GET(1@3+1@1-(B@,58) sV
This block is 71 pixels wide on the X-axis (10 through 801 and 41 long on the Y-axis (10 through 503,

9 +4] =360 + 4
9% 4] 69 + 4

® For real: T1/8
® For integer: 1178

34
3732

44
137

Depending on the type of array you use, you could set up your minimum-size dimension statement this way:

* Real DIM Ri83)
ar

® Integer DIM ULT18R)
Examples

i@ DIM U{248)
2@ CIRCLE (B5 /45201
30 GET (1@+1@)-11Z2@,88) v

An array is created, a circle is drawn and stored in the array via the GET statement’s rectangular pixel areqa’s
parameters (i.e.. (10,100 = (12080,

20
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Calculare 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

14 DIM V(32.,30)
Z0 CIRCLE (5@:5@):10
30 GET (1@.,12)-(Bd:B@) .,V

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

(10,10} ;
Rectanyuian
Pixel e
Area

180,80}

Figure 12

18 DIM UEiSE4)
20 CIRCLE (BS+45)+50:1 4143
30 CET(1@4+1Q)-(1Z20:B@) V%

A one-dimensional integer array is created. an are 18 drawn and stored in the array via the GET statement’s
rectangular 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 to
display textual data on the Graphics Sereen, GLOCATE provides part of this function by allowing you to specify
where on the Graphics Screen to start displaying the data, (x,v), and which direction to display it — direction.

The allowable values for direction are:

) — 7erey depres angle
| — 90 degree angle

2 — 180 degree angle
3 — 270 degree angle

Examples

10 GLOCATE (3Z@.12a) .0

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

10@ GLOCATE (2Z20.1@) .1
This program line will cause chiaracters w be displayed swrting in the center of the top portion of the screen ina
vertical orientation, going from the top of the screen to the botiom of the sereen.

cP@ GLOCATE (63@,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 (3ZQ.230) .3

This program line will cause the characters to be displayed vertically, starting at the center of the lower portion of
the screen towards the top of the sorean,
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LINE
Draws a Line or Box

LINE (x1,y1) - (x2,y2], ¢, B or BF, style

{x1.y1) specifies the starting coordinates of a line and is a pair of integer expressions. (x7,y1) is
oplional; if omitted, the last ending coordinates of any previous command are used as the
startpoint. If a command has not been previously specified, (0,0) is used

{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 omitted, only a line is drawn.

style iz the aatting for the pattern of a line and is a numoric value in the integer range. atyle is
optional; if omitted, — 1 (solid line) is used. style must be omitted if BF is used.

LINE draws a line from the stanting point (x/ v/} 1o the ending point {x2.y2}

If the starting poant is omitted, either (0,003 45 wsed i 8 previous end coordinate has non been specified or the Tas
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 65,500 line styles possible, each style is slightly different. You'll find it's almost impossible o detect
some of the differences since they are so0 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
specily the B or BF options, the ““diggonal™ line is drawn. When you specify the B option, the perimeter is drawn
but not the diagonal line, When you specify the BF option. the penmeter i drawn, and the arca bounded by the
perimeter is shaded in the specilied color {o).

LINE(14@+80)-1{52@200) 1.8

(140,80)

(500,200)

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

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

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

2. Choose the respective hexadecimal numbers (from the Buse Conversion Chari. Appendix Dj.
Example
QOO0 1111 0000 1111 = &HOFOF

Creates a dashed line.

Type Binary Numbers Hex Numbers
Long dash 0000 0000 1111 1111 &HOCFF
'Shurt-shmt" dash 1100 mn - &H
OFF/ON u1 1u1 un mm . |555
il | __ 1

Table 5. Sample Line Styles

Examples

LINE -(19@ 421
This example draws a line in white (ON) starting at the last endpoint vsed and ending a1 [100,30).

LINE (@:0)-(319+198)
This statement draws 3 white line staring a1 (0.0) and ending at (319, 199).

LINECLIO@ +100D)=(Z00 +Z0D) 51445
This eaaimple diaws a line Qo (100, 1000 w (200,200) wsig line style 43 (&HOO2D).

Pl
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LINE [12@,1@@)=(300:20@) +1 » +&HDCFF
This LINE statement draws a line with **long dashes.”” Each dush is eight pixels long and there are eight blank
pixels between cach dash.

LINE [10@4+1@@)-(300,200) 1 :-100¢
This statement draws a line from (100,100} w (300,200 using line style — 1000,

LINE [Z0@,20@)-(-10@,108)
A lime 15 drawn from the startpoint of (200,200) to (= 1O, 100},

1@ LINE (3@.3@)-{1B2,12@)
2@ LINE (120,188}
30 LINE -(32.,30)

This program draws a triangle.

1¢ LINE -(S@,501)
Z8 LINE -(1Z¢é:B0)
3@ LINE -(-1@@,-1282)
4@ LINE -(30@@:1000)
This program draws four line segments using each endpoint as the startpoint for the next segment.

PAINT
Paints Screen

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

{x.¥) specifies the X-¥ coordinates where painting is to begin. x is 8 numeric expression from 0 to
633 and y is a numeric expression from 0 1o 239,

tifing specifies the paint style and can be a siring or a numeric expression. tiling is oplional; if
omitted, 1 Is used. tiing 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 barder where painting is to stop and is a numeric
expression of either 0 (OFF) or 1 (ON), border is optional; if omitied. 1 is used.

background specifies the color of the background that is being painted and is a 1-byte string of
gither 0 (CHR%(&H00)) or 1 (CHR${&HFF)). background is optional; if omitted, CHR$(&H00) is
used.

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

xy 15 the coordinate wiere painting is to begin and musi:

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

For example:

i9 CIRCLE(3ZD.,120) ,84¢
20 PAINT(32@,122) 1 +1

A circle with a centerpoint of (320,1200 15 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,

riling 1% convenient to use in bar graphs, pie charns, ete., or whenever you want to shade with a defined pattern.
There are two types of riling:

# Numeric expressions

® Sirings

Numerie Expressions. There are only two numeric expressions that can be used for the paint style — 0 and 1. 1
paints all pixels ON (solid white) and 0 painis all pixels OFF (solid black).

To use numeric capressions, enter either a 0 or 1. For example:

FAINT (328:1203 141

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

String painting is called “pixel” painting because you are literally painting the screen “pixel-by-pixel™ in a
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 pixels (8 pixels representing one #-bit byte). The dimensions of a tile
pattem are length by width. Tile patterns are repeated as necessary to paint to the specified borders. Because of its
symmeiry, you'll probably find equilateral pixel prids most convenient.
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Figure 14. Example of an 8-by-8 Pixel Grid

Stnngs allow numerous graphic vanations becavse of the many pixel combimations veu can defling.

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

PAINT (14+1) CHRE{&HFF)+CHR${LHFF)+CHRS(&HAB)+CHRS (&HO@)
*CHR® (EH?@ ) +CHRE(&H@@) +1 +CHRE(EHQA)

returns an Eegal 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 paitern
and calculate the hinary and hexadecimal numbers needed.

MNote: Tiling should only he done on either a totally hlack or white background; otherwise. results are unprediciable.
To draw an example of a lile on paper:

1. Take a sheet of paper and draw a grid according to the size vou wanm (8 = 8, 24 = 8, ctc.). Each boxed arca on
this grid. hypothetically. represants one pixel on your screen.

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

3. Fill tn each grd in cach 8-pixel-wide row of the tile il you want that pixel to be OM. according 10 your pattern.
If you want the pixel to be OFF. leave the grid representing the pixel blank.

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, 0L 0011 on the seccond 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. Inscrt the hexadecimal numbers 1o 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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Example

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

Binary BHex
é [/ gl11 1188 | # gepL 18p8 18
) P g1 L1848 ¥ pgaL 1pap 18
# g g 11 1 1e e} 8 ggal 1ppp@ 18
1 1 1 1 1 1 1 1 1131 111} FF
1 1 1 1 1 1 1 1 111113111 FF
] # g1 1 (g (@8 |9 gegL 1980 18
8 g g1l 1 {818} 8 geal 1gep 18
a # g 11 1Ly |2} 2 gpg1 1848 18

Figure 15. 8 x B Grid
Tile string:

AF=CHREI(EHIB)+CHR$(&HIB ) +CHR$(&H18 ) +CHRE (AHFF ) +CHRE S ( &HFF }
+CHR$(&H1B)+CHR$(&H1B Y +CHR&(&RH1B)

b
Border

Border is the QOFF/ON color of the border of a graphics design where painting 15 to stop and 15 & numenc expression
of gither D oor 1. If omitted, | (ON) is used and all the pixels on the border are set (sohd white)

background
Background Area
Background 15 a 1-byte character which describes the background of the area you are painting. CHRE3(&HM

specifies a black background and CHR3(&HFF) is a totally white backpround. [F background is not specitied,
BASICG uses CHRSI&HM,

Painting continues unlil & border is reached or undil PAINT does nou slier the stale of auy pisels iooa iow, Howeve,
if pixels in a given row are not altered and the tile that was to be painted in that row matches the background tile,
painting will continue on to the next ow

MNote: BASICG uses Free Memwry for tiling.
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Examples

I® CIRCLE (30@:1@9) +10d
20 PAINT (3904100} 1.1
Paints the circle im sobid white,

1® CIRCLE (1o6.180),330
20 PAINT (109+102) +1+1
Paims the circle. Only the visible portion of the circle is painted on the screcn,

4 CLR

5 A=1

& SCREEN @

13 CIRCLE {(32@.122) +100

Z@# CIRCLC (19@.19@),50@

30 CIRCLE (4¢d@.220) .C@

4@ CIRCLE (50@.7@) .58

S& PAINT (32@+128) Al

G@ PRAINT (1@@.4108) A1

7@ PAINT (4QB 200} sA sl

B@ PAINT (S@0.70) +A 1
The tiling style is assigned the value | in line 5 (A = 1) for all PAINT statements. Four circles are drawn and painted
in solid white.

. 1@ LINE (149,8Q)-(S288.,200) 1.8
@ PAINT (2E@ 120 CHR${EHEE)+CHRS{&HT7 7} +CHRE(ED ) ¢ 1
Paints box in specificd tiling style usig strngs,

1@ CIRCLE (390 :1908) 100

Z@ PAINT (39@,100):"D"+1
This example uses a character constant 1o paint the circle in vertical blank and white stripes. The character *'D"
(0100 01000 sets this vertical pattern: onc vertical row of pinels ON, three rows OFF,

1@ CIRCLE (3201260 v200

20 PAINT (3204128} ,"332211" +1

33 PAINT (1@@8.708) +"EFEF" .1
This example draws and paints a circle, then paints the area surrounding the circle with a different paint sivle (line
30%. This PAINT statement’s {line 30} startpoint must be outside the border of the circle.

19 PAINT (3Z2@:1Z2@) sCHR$ (RHFF) +1

Z9 CIRCLE (2201211090

30 PAINT (3Z2Q:120) rCHE’E(EI}-rEHI?ﬁ[&HFF:'11.’FIEHF'$[EHFF;
Paints the screen white, draws a circle and paints the circle wilth a pattern.

1@ PAINT (3Z0,120) CHRE{EHFF) +1

Z@ CIRCLE [3Z@1Z0)1+100.0

3@ PAINT (3Z@+1Z0) +CHRE(BI+CHRS(&HAAD D CHRES (&GHFF )
Paints the screen white, draws a circle and paints the circle with o patiein
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12 CIRCLE(3@B8010d) +1 2@
20 AS=CHR$ (EHOD ) +CHR${AHTE) +CHRS (BHIB)+CHRS (&H1B ) +CHRE(EHLRB)
#+CHR${BHIB)+CHR& (BH18 ) +CHRE(EHIR )
38 PAINTISOO 1090 1a% 4]
This draws the circle and paints with the letter T within the parameters of the circle.

1@ A$=CHRS (&H41 ) +CHR${AHZ2 Y +CHR$ (EH14) +CHRE(AHBB ) +CHRS(RHLA)
+CHR$(RAHZZ ) +CHR$ (BHAL } +CHR$ (B HO2 )
2@ PAINT (302@+1@0) sA%s 1
This paints Xs over the enfire screen.

1 CLEAR 109
3 CLR
S BCREEN 2

10 TILE$(@)=CHR$(LHZZ)+CHRS&(&HER2)
20 IILE$(1)=CHR$ (LHFF | +CHR$(LHOD)
3@ TILE®$(2)=CHR(&HB9 ) +CHR&(RHEE!
4¢ TILC®(3!)=CHR$({&HDT)
5@ TILE®(4)=CHRE(LHFF!
6@ TILE®(S)=CHR%(&HF@!+CHR$!&HF2)+CHR% (&HOF ) +CHR$ (BHOF)
7@ TILES(G)=CHR% (&H3C1+CHR&(RHIC)+CHR% (AHFF)
B® TILES$(7)=CHR%$ (&H23|+CHR& I AHOC)+CHRS$IEHIA ) +CHRS (&EHCE)
80 AR=TILES(B)+TILES( IV +TILES(Z2Y+TILES(3I)+TILES(U)
+TILE${S +TILE®IB)+TILE$(7)
1860 PAINTI(3QG.104) .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 OFFON value of a pixel Tom the sereen,

Values for &POINT that arc off the screen (i.c., PRINT &POINT {800,500 reurn a — |, signifying the pixel is off
the screen.
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Example

1@ PSETI300:12@) «1
Z@ PRINT EPOINT(300.,108)
Reads and prints the value of the pixel at the point’s coordinates (300, 100) and displays its value: |,

FRINT GPOINT(3Q20.1280)
Since the pixel is off the screen, a = | s retrned

PRINT &POINT!-3000.1008)

Since the pixel is off the screen, & — | 15 returmed.

PSETIZ0D 10} @
PRINT BEPDINT(Z@B,183)
Reads and prints the value of the pixel at the point’s coordinates (200,100} and displays its value: 0.

18 PSET(30d:108) .1
20 1F LPOINT(30@.,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 EBASIC!

5 SCREEN @
1@ PSETI(RND(GAD) «RND{Z24@) ) 21
ZB IF EPOINT(3Z0:120)=1 THEN STOF
49 GOTO 1@
Sets points randomly antil (330,120} 18 set,

¥ CLR

19 LINE(S@:B@)-(12@:188) :1 :BF

20 PRIMT &PDINT(1@@.80}

A0 PRINT EFOINT(11Q :8@)

4@ PRINT &PDINT(115.3@)

30 PRINT RPOTNTOS@ .4@)

6f PRINT &EPOINT{138.122)
The first three pixels are in the filled box ., so the value | {one) is displayed for cach of the statements in lines 20,
30, and 40. The pixels specified in lines 50 and &0 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 swirch, If swirch 15 not specified, 0 (OFF) is used.

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

Mote: The only choice for swiech is O or 1. I you enter any other number, an llegal Function Call error will resuli.
Examples

1@ PRESET (S@.5@) +1
20 PRESET (56.58).@
Tums ON the pixel locaied at the specified coordinaies (in line 10y and turms the pixel OFF (in line 200,

v SCREEN 2

18 PRESET (220,1283.41

2@ PRESET (328,128} ,1

3@ PRESET (34@.140) .1

49 FOR I=1 TO 1@@@: NEXT 1

5@ PRESET (3Z90:126)

G@ FRESET (30@,10@)

7@ PRESET (340,142)

B@ FOR I=1 TO 1@@@: NEXT I
Sels the three specitied pixels UN (through the three PRESEL statements), pauses, and then wens the three piels
OFF.

FRESET(30@Q+1@0@) +1
The values for {x, 7 are accepted. but since the coordinates are bevond 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 textual data
on the Graphics Screen. Characters are displayed starting at the curren! Graphics Cursor and going in the direction
gpecified by the most recently executed GLOCATE commund. 1f a GLOCATE commind was not executad prior to
the PRINT #-3. command. a direction of [} is assumed.

PRINT#=2, will only print text characters (sce Appendixes of the Model  Disk Systesn Owner's Manuaf). Cach
character displayed in the 0 or 2 direction vses an 8 % 8§ pixel grid; ezch character displayed in the 1 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.

Displaying text in direction engages 3 wraparound featiire  If the end of 5 line iz reached, BASIOG will continge
the disploy on the next line. If the end of the sereen is reached, BASICG will continue the display at the beginning
of the screen without scrolling. 17 there is not enough room to display ar least one character at the current Graphics
Cursor, an llegal Function Call emror will result. When displaying text in other directions, an attempt to display text
outside of the currently defined screen will cause an [Hegal Function Call ermor 1o be given.

PSET
Sets Pixel ON (or OFF)

PSET sels a pixel either OFF () or ON (1), depending on swirch, 1T swirch is not specified, 1 10N is used.

The only choice for swirch with PSET is 00 and |. If you enter any other number, an Hlegal Function Call will oceur,

Values for (a,y) that are larger than the parameters of the screen (1.e.. greater than 639 for & and 239 for v) are
accepted, bul 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 switeh. The defauli value
for PRESET is (), while the value for PSET is 1.
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Examples

1@ A=1
2@ PFSET 1980 +59) A
Tums the pixel located at the specified coordinates ON.

1@ PSET (RNDIBAE) sRND(Z24@Y ) 41
2¢ GOTOD 190
Pixels are randomly set to 1 (ON) over the defined ared (the entire screen).

FEET {-300.-208) +1
The values for (x,v) are accepted, but since it is beyond the parameters of the screen. the pixel is not set.

10 PBET (326.:128) :+1
0 As=TNKFY&: TF At= "" THEN 2@
3@ PSETI3ZG.1Z0) .2
Line 100 sets ¢ turns ON"'} a pixel; line 30 resets (' 'nams OFF"") the same dot.

PUT
Puts Rectangular Pixel Area from
Array onto Screen

Imporiant 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 Systerm 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 waork jointly. Together, they allow you to ““ger” a rectangular pixel area which contains a graphic display,
store {1 in an array, then “put’” the amray back on the screen later.

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

PUT moves your GET rectangular pixel area to the startpoint in your PUT staterment and the startpoint is the new
upper-left commer of the rectangular pixel area.

To illustrate:

5 DI Yiz)
1h GET (Z243)=(771 0V
100 PUT S0.50) «V.PSET

After GETting, PUT this rectangular pixel area to {30, 50). The new coordinates are:

(30,300 (31,500 (52,500 (53,501 (54.50) (55,50
(50,510 051,50) (52,51} (53,51) (54,5010 (53,51}
(50,521 (51,521 (52.52) (53.52) (54,520 (55.52)
(50,53) (51,53) (52,53) (53,53} (54,53) (55.53)
(50.54) (51,541 (52.54) (53.54) (54.54) (55.54)

The sectangular pixel area (50,500 —(55,54)) 15 exactly the same pixel sice as (2.3)  (7.71 only the location is
ditferent.

2.2 (7.3)
g T e
~— — -
"GET" el R -
RECTANGULAR e T
PIXEL TG e
AREA i e =
- -
S e — — —
27 -~ _ DA e = S50 e L
9 . “PUT"
T - —
e o RECTANGULAR
S ~~f PIXEL
i ~~ _AREA
T o= - s = b — -
. — i —
(50,54) (55,564)
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 anea.
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For example (using PSET). the pixel is set ON only if the bit in the PUT array is set ON- I the bit is OFF the pixvel
is turned OFF (reset)

With PRESET., the pixel is sct ON only if the bit in the PUT array 35 set OFF. If the bit 1s 0N, the paxel 15 tumed
OFF (reser).

Lising O, the pixel is set ON if the bit in the PUT array is ON or the corresponding pixel in the destination area is
OM. In all other cases, the pixel is turmed OFF (reset), In ather words:

OFF ON
OFF OFF ON
Ol On ON

With ANI2, the pixel is set ON, if both the bit in the PUT armay and the corresponding pixel i the destination area
aie ON, 1o all wihien cases, the pisel is wined OFF (reset). In other wornds,

OFF [a]y]
OFF OFF
OFF ON

Using XOR, the pixel is set ON if either the bit in the PUT array or the comesponding pixel in the destination area
ihut et both)y i ON. In all other cases, the pixel is wmed OFF (reset). In other words:

PO  oFF ON
OFF OFF ON
ON ON 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-E0 to 3
graphic printer. See 'Graphics Unilities™" later in this manual for more details on using the Computer Graphics
package with a primter.




i@
o
3¢
4@
=1t
[=14]
78
8e
ae
18@
11
12@
13
148
158
160
185
174
175
ig@
198
2|
21
229
230
240
250
ZE®
278

CATA "OR" .+

"ANL"

CLR : SCREEN ¢
FOR ¥= 194 TO 210 STEF 5@

FOR ¥= @ TO

"PRESET

40¢ STER Zed

Ty UHEETY

Graphics BASIC (BASICG)

LIME (xX+43,Y-5)-(X+180:¥+25) 1.8

MNEXT ¥

LINE {(52+Y)=(80sY+1@)+1:BF
FOR ®= Z@® TO d@d STEP Z@

LINE (H+S@ Y -(H+70:7+22) +1.0F

MERT X
MEMT ¥
DIM Wii1ga)

CET (S@.12)-098.,30) .V

FOR N=1 TO

|

R= {(N=1)%#5+1

REARD A%

GLOCATE (136+Rel0) @

PRINT =-3.

{5

GLOCATE (3GQ:R»10) 2

PRINT #-3,

nany

ON N COTOD Z20, 218, 2204
PUT (&£5¢+12) UyOR s
PUT (459 .69} . Y yAND s
PUT (a4S@s118), VPRESET:
PUT (45@.168) ¢ W PSET:
PUT (458:210) ., UV, X0R
MEMT N
SYSTEM "GPRINT™
SCHREEM 1
=
. a0 I
| —
B egeser I
- PEET l
-I XOR I
L
Figure 17

@

232
GOTO
GO0TO
G070
&0T0

[

pfti 1
254
250
250
250
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Hints and Tips about PUT:

# An lllegal Fanction Call error will result if you attempt to PUT a rectangular pixel arca o a section of the screen

which is totally or partially beyond the parameters of the screen. For example:

GET(5@+58)-(15@,158) Y
PUT L2808 ,208) .V PSET

relums an error becouse the rectangular pixel area cannot be physically moved to the specified rectangulur pixel
ares (1.e., (200, 200) = (300, 3000),

& 1F your ise PUT with a viewport (see VIEW)Y all conrdinates must be within the parameters of the viewporl or

vou'll get an Wegal Fonction Call error,

Examples
PUT with PSET

12 DIM VZIB3)

15 SCREEN @

i?7 CLE

20 CIRCLE (30 ,3B) 10

2@ GET (1@d.1@)-040.,48) VL
d@ FOR I=1 TO S0@: NEXRT I
5@ CLR

B@ FUT (11084110} MESPSET
7@ FOR I=1 TO Sd@: NEXKT [

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 4 couple of seconds (because of the delay

loop], it disappears and then reappears on the screen — (110, 110) — program line 60

What specifically happened is:

T

e

= i

An artay was created (hne 104,
A circle was drawn (line 20).

GET  The cirele which was within the source rectangular pixel area. as specified in the GET statement’s
parameters is stored in the array (line 30)

The sereen s cleared (line 50).

. PUT — The circle from the array was PUT into the destination rectangular pixel area as specified in the PUT

staterment (line 600 with the PSET option,
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3 SCREEN @

6 CLRr

1@ DIM VEI78d)

Z@ LINE (Z@sZ@)-(Z@ B2}

30 LINE (83:0)-(BQ.BO)

49 LINE (30.,30)-(30.,88)

S@ LINE (1@,5)-01@.B0!)

B@ GET (0:+@)-0(102:180) VX
J9 FOR 1=1 TO l@@®: NEKT 1
B0 PUT (1BO@,128) VX +PBET
8¢ FOR I=1 TO 13@8: MEXT I

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

SCREEN
Selects Screen

SCREEN lets you set the proper screen, SCREEN 0 selects the Graphics Screen; SCREEN | selects the Text Screcn.
Any value other than (0 or | with SCREEN gives an erar

SCREEN is convenient to 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 con remove the graphics display. add to the
program., and then return o the Graphics Screen.

Whenever BASIOG Dies o display @ chatacier on the Text Screcn (like in an INPUT or PRINT statements, the
screen is avtomatically set 1o the Text Screen. If the program is stifl running after executing the statement, BASICG
will revert to the screen that was in effect prior o executing the statement.

Examples

19 SCREEN 1

2@ LINE (150.15@8)-(290.2902)
The computer execules the short program but the Graphics Screen cannot display the graphics because of the
SCREEN | command. To display the line. type: SCREEN 0 (ENTER)
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1@ CLR

Z@ SCREEN 1

30 LINE(1@.10)-1255,191)

40 LINE(®@,1811=(255:8)

3@ ASSINKEY$®: IF As=""THEMN 58

G@ SCREEN €

7@ A%=INKEY$: IF A%="" THEN 70

B¢ GOTOD 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 (),

2 CLF
18 CIRRLF(?@2+100) + 102
20 PAINT (282,183 :"44" 41

Now run the program and type:

SCREEN ¢ (ENTER
This command turns the Liraphics Screen UN, By entering the SCREEN | and SCREEN 0 commands. you can
alternately turn the Graphics Screen OFF and ON without Josing the executed program display.

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

VIEW creates a “*viewport”” which redefines the screen parameters (0-634 for X and 0-239 for ¥). This defined arca
then becomes the only place you can draw graphics displays.

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

® CLR clears the interior of the viewpon only.

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

& [f you try to read a2 point beyond the viewport (with POINT), it will returm a — 1.

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

® You can't PAINT outside the viewporl.
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The upper-left corner of the viewport 15 read as (0,07 (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 vsing 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@+18Q3-1200+200) 4041
2@ LINE (3@.:15)-(B0:6R) »1

(100,100} A.C. (200,100) A.C.
(0,00 R.C. (30.15) {100.0) R.C.
Yf;.
R.C.
(100.200) A.C, (80,80) (200,200) A.C.
(0,100) R.C. {100,100) R.C.
Figure 18

MNote: After each of the following examples. vou'll have 1o redefine the entire screen to VIEW (0.0) —i639,239)
before performing any other Graphics functions.

Examples

VIEH (1@@+188)-(200 209 81
Pirmws a black viewpon (pivels OFF) that is ontlined in white (horder praels ON).

VIEW (18@+1001-C2¢0+200) /1 11
Draws a white viewport (pixels ON) that is outlined in white (border pixels ONJ,

VIEW (50.,50)-(100.102) 1.0
Draws a white viewpon (pixels ON) that is outlined in black (border pixels OFF).

18 VIEM (1@.18)-(EQ2,200) .0..

20 VIEW (S@:50)-0(10@,100) +@ 41

3@ LINE(RND(SD@) +RND{19B) )~ (RNDISQD) RNDI19@))

a9 GOTOD 30
First you dehined 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
parameaters of the smaller viewport are visible sifce it was specified last.

¢ VIEWM(B¢,88)-{400,298) :0+1
20 VIEW(1GQ .92)- (302170} @ +1
30 VIEW(1Z20.100)-(200.,200) 0.1
a@ VIEWIID :3@)-0102 190} @1
Draws four viewpors. All further drawing takes place in the last viewport specified
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1@ VIEWIZ1@B@)-1d20+160) 1041

20 CIRCLE(300.12¢) ,180 .1

3@ LINE(13:13)-{B8,E0) 1

4@ CIRCLE{(B®,48).58.,1

SO0 LINE(AR,3@)-(5d0 .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 1o the upper lefi corner of the viewpon 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 toally within the parameters of the viewpor. Another line is drawn which is only partially within the
parameters of the viewport,

10 VIEW (19@+7@)-(440 1801 @ +1

20 CIRCLE (300,148,178 +1

30 CIRCLE (100,239 ,40084+1

49 LINE (1@+1@)-(500,:230) +1
Draws a viewport, A circle s digwi but only @ purtion is within the parameters of the viewport. Another circle 15
drawn and a larger portion is within the parameters of the viewport. A line is drawn but only a segment is within the
patameters of the viewport,

&VIEW (function)
Returns Viewport Coordinates

&VIEW returns a corner coordinate of a viewport. 1t 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 viewpont coordinates, you must enter one of the following values for p:

& 0 remurns the upper left X-coordinate
® | returns the upper left Y-coordinate
® 2 returne the lower right X.-coordinate
® 3 returns the lower right Y-coordinate

Importent Nate: When you have defined several viewpouts, &VIEW vnly returns the coordinates of the lust-defined
viewpot,
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Examples
Set up the following viewport:

VIEWI100:80) -(Z20+150) +0+1

Now type: PRINT &UVIEW(@) (ENTER
Displays: lea
Type: PRINT BVIEM (1) (ENTER
Displays: ga
Enier; PRINT &VIEW(2) (ENTER
Dispalays: poged”
Type: PRINT &VIEM({3) (ENTER
Displays: 150

Sct up the following viewporis:

VIEM(180,80)-(222:150) +@ 1 (ENTER)
VIEH 29091 /0)=(350+220) 01 (ENTER

Now enter: PRINT GVIEW(®) (ENTER
Displays: 250

Type: PRINT &VIEW (1) (ENTER
Diplays: 178

MNow type PRINT GVIEW(Z) [ENTER
Dyisplays. 350

Type: PRINT &VIEMW(3) (ENTER
Displays: 22
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@

3/ Graphics Ultilities

There are eight utilities included with the TRS-B0 Computer Graphics package which are intended to be used as
stand-alone programs, However, if you are an expenienced programmer, you can use these with BASICG and

FORTRAN. The source-code for each utility, that illustrates Graphics programming techniques, is Listed later in this
section.

The Graphics Utilities let you:

® Save graphic displays to diskette,

® Load graphic displayvs from diskere.

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

® (lear graphics memory.

To use these utilities from BASICG, wse the SYSTEM command followed by the name of the utlity in guotation

marks {e.g., SYSTEM"GCLS" (ENTER) and control returns to BASIC Ready. From TRSDOS, enter the utility
directly, without quotation marks (e.g.. GCLS (ENTER)).

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

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

PRINT Lists graphics on the pnar.

GPRT3 Prints graphic display on the printer without

90 degree rotation.

SRON Tums Graphic Screen ON.
Table &

GCLS
Clears Graphics Screen

GCLS clears the Graphics Screen by erasing the contents of graphics memory comesponding to the visible Graphics
Sereen. 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"CCLES" (ENTER)
ar
1@®% SYSTEM"GCLS"

GLOAD
Loads Graphics Memory from Diskette

Mote: 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
been previously saved to diskette using GSAVE.

Examples
When LRSLAIYS Heady is displayed. type:

GLOAD PROGRAM/DAT.PASSWORD:d
or when the BASICG READY prompt is displayed, type:

SYSTEM"GLOAD PROGRAM" (ENTER
or
1@ae SYETEM "GLOAD PROGCRAM"

GPRINT
Lists Graphic Display to Printer

GPRINT lets your print graphics memaory on a graphics (dot-addressable) peinter, such as Radin Shack’s DMP-100
(26-1253) or DMP-200 (26-1254). Both of these printers have a 94" carriage. However, distortion will occur when
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Graphic routines are printed with GPRINT. This is because GPRINT is mot a true pixel-by-pixel '*Sercen Dump'
since the piXel size and spacing on the screen is different from the pixel size and spacing on the Printer. GPRINT s
a point of departure for you to obtain hard-copy representations of graphics.

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 vour Model 4 Disk System Owner's Manual and printer owner's manual for details on setfing printing
parameters.

Important Note! Do not press [BREAK) while GPRINT is excouting,

Examples
Whei TRSDOS Ready is displayed, type:
CPRINT (ENTER
or when the BASICG READY prompt is displayed. type:

SYSTEM"GPRINT" (ENTER
ar
199 SYSTEM"GPRINT"

For a complete GPRINT sample session, see Appendix D,

GPRT2
Print Graphics

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

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

Examples

When TRSDOS Ready is displaved, ype:
GPRTZ

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

100 SYSTEM"GPRTZ2"
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GPRT3
Print Graphics (Double on the Y-Axis)

GPRT3 s similar to GPRINT but 15 designed for use with wide-carriage (15") printers such as the DMP-400 and
DMP-5000.

GPRT3 is different from GPRINT in that the image is not rotated 90 degrees and a different aspect ratio js used.
If GPRT2 does not produce the guality of print-out you desire . try GPRT2 or GPRINT.
Important Notel Do not press while GPRT3 is executing.
Examples
When TRS[OS Ready is displayed, type:
GPRT3 (ENTER)
of when the BAISCG READY prompt is displaved, type:
SYSTEM"GPRT3"

188 SYSTEM"GPRTI"

GROFF
Turns Graphics Display OFF

-
e

3

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

Examples

When TRSDOS Ready is displayed, type:
GROFF

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

1¢@ SYSTEWM"GROFF™
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GRON
Turns Graphics Display ON

GRON turns the Graphics Screen ON.

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

SYSTEM"CRON" (ENTER
ar
128 SEYSTEM"GRON"

GSAVE
Saves Graphics Memory to Diskette

Mote; There cannot be spaces within 3 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 furmal, T losd e file back inte menmwory, use GLOAD.

Examples
When TRSDOS Ready is displayed, type:

GSAVE PROGRAM/DAT.PASSWORD:@
or when the BASICG READY prompt 15 displaved. type:

SYSTEM"GSAVE PROGRAM" (ENTER
ar
100 SYSTEM"GSAVE PROGRAM"
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Graphic Utilities Source Code Listings

oooot
Qoooz2
Qooad3
oooos
aooos
00004
Qooo?
oooga
ooooe
oooio
ooo11
oogLz
ooo13
Qo014
oog1s
ooo01é
oogi?
oooia
goole
0oozo
oonz1
Q0022
oooz3
0002s
Ooozs
Qo0Zs
Qooz'vy
noozse
gooze
0ao3a
Qoo3y
0oo3z
ooo33
Qo034
0ga3s
Co03s
ooos?
ooo3a
ooo3y
ooosg
oooal
00042
oooe3
0ooss
0ooss
Qo0& s
00047
00048
oooss
0ooso
00051
Qaosz
Qoos3
CooSs
oooss
Cooss

i GLOAD -~

TREDOS:

aFSPEC:
S0PEN
aJREAD:
ICLOSE ¢
dERROR
S0SALY ¢«

¥

¥t
DATA
STATUS:

GLOAD:

FOLW

PEELCT 2&00H
PRINT EHORT .NOMAC

Macros
MACRD #1
Lo &8l
RET Z28H
ENDM

TREQDS EWC Equates

EQU 78
EQuU 5%
EQU &7
EQU &0
EQu Zb
EQU 10

Port Equatess

EGU BOH
EGU 8iH
EQU BZH
EGU B83H

Main Program

PUSH HL

LO A10H

ouT (23&6) A

LD EC.1088H
LO HL :CRTC#1%&

This code programs the CRTC Ckip +or BOD = 24 screen

Only required ftor Model

ouT (Cy+B
LD AgfHL)
ouT {137):4
DEC HL

DJNZ Foiv

La HL :FCB
Lo (HL ) »00H
La DE »HL
INC DE

Lo BC.32
LOLR

FOR HL

Lo & 0O
CP (ML)

Eave graphics display to disk

iModel & Ouerlay area

iTest a 1ilespec

i0pen am existing file
iRead a record

iClose a flle

iDisplay an error mESSa9E
iDisplay a message

iSave pointer from command

iTurn on CRTC ports

line

iLoad 14 Regs and point to control port

iLoad backwards

IlIl Graphics Boards

iSelect Data Register in CRTC

iGet the data

iStore that in the CRTC
iMove to previous entry
idgcrement counter

iPoint at the FCB
iZero the butter
iBuild destination pointer

iCopy first byte to second position
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nnosy JR Z,ERROR

ooose LD CE:FCB

paoosy TREO0OS AaFSFEC iMove tilspec to FCB and do & swntax chech
onosn JR NI BOMB

poost

jjeiet-¥a Lo HL BLFFER

00o0s3 Lo DE .FCB

OOC&s La B:D

COD0&S TREQOOE AJ0PEN iOpen tile 1% [t existsy 2lse creat@é oOne
000&& IR N7Z .BOMB

ooos7?

poos8 Lo Ay DB3H istEtus = ipgc X atter write
00049 ally (STATUSY A

goawra XOR A

ooo71 ous S ST iinlt X & Y to zero

oqoo72 ouT (YA

goo?s Lo E. & icounter for X values
DO074 LO g.:80 B0 X values

ooo7s Lo B.7% 175 Adiek rerprde for @ntire@ BREFEEN
ooavée NXTREC: PUSH QE

oog7?? LD OE.FCB

goove TRSODS Q9EaD iRead a rernrd from disk
goore POP DE

aooan 4R NZ . BOMB

nooal Lo HL .BUFFER

oooaz LD C:B

pooe3 L.a B:0 {754 bBvtes per record
oogs4 MERPH: LD B LHL

oooss ouT COATA) oA

o00das NG HL.

ogose? 1WC E

JooEE LD =¥

oooes CR 0

cooso JB MZEGEPH iSamae row?

0oas1 XOR &

ooos2 Lo E.a

ogos3 ouT (8 ST Y iNext raw. Set X tn raen
20094 L0 Al YPOS)

oones IMNC i

CoD9é& LD LYPDE) + A

coos? ouT (YD) h

copse EGRPH: DJNZ MNERPH iGo met next graphics byte
ooass LD B

coioo oJINZ NXTREC iGag read next disk record
ooiol

goio2 EXIT: L CE.FCB

goio3 TRSOOS &CLOSE

goi0s L AOFCH iStatus = arapkhics att: no waitss no incs,
ooigs ouT (ETATUS! .M

goics Lo A {EFLAG )

oo1g? La LA

poice LD H.0

00109 CcP H

ooi10 FET iFeturn to TRSO0DE or BASIC
ooLril

go112 H Error exits

go113

O011i4 ERROR - Lo HL « BABM tCame lain

0o11s TRSDOS a0sSFLY

ooiis JR EXLIT
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poLty

poiie BEOMBE « LD {EFLAG! s A

ooLls or DCOH

ooLz0 LD iy

oo121 TRSO0S SERROR iDisplay error messaoDe
poL22 JR EXIT

ooiLz3

D0L24 PaRM: DEFM ‘Fllespec reguired™’

00125 EFLAG: OEFB a
ofizs ¥POS: DEFSB a

oo1z? FCB: DEFS 32
onizae BUFFER: DEFS 256
oo12e

ooL3o CRTC: 0EFB %5 .80,85.8,25+4,24,0.,%+0,0.0.0.0.0
oo13l
o013z END GLOan
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ooana i BSAVE -- Sauve graphirs displav to disk

ooooz2

oooo3 PSECT Za&00H iMadel 4 Ouerlay area

ooooa PRINT EHORT « MOMALT

pooos

o0oos i Macros

oooo?

oooos TRSOD0S: MaACRD #1

ooone Lo b8

oooio RET Z28H

oooii EMNDOM

poniz

ooo13 - TREDOE SUC Equates

oool4

ognLs GFSPEC: EGQU 78 iTost & tilespes

o0l @IMIT: EQU =8 iflpen am exiatipg ¥iles, ar create a new cne
goni? aWR1TE: EQU 75 ilrite a recard

onoLis aCLOSE: EQU &0 iClose a tile

aooie FERROR: EQU 24 t0Display an BrFrrfAr MORRAQD
goozo apsP.yY: EQU 10 idisplay 8 message

ooozi

pooz2 i Port Emuates

0oozZ3

ooozZs e EGU BOH

oogozs b EQU BiH

0oo2s DATA: EQU 8ZH

pooz? STATUS: EGU 83H

ooozs

pooze H Mzirn Program

ooo3o

ooo3s CEAVE s PUEH HL iBave poirtes from command |ine
ooop3z2

ooo33 LD A, 10H

oo03s ouT {2340 .8 iTurn an CRTC ports

ooo3s Lo BC 10884 iLoad 14 Ress and point to control part
0o03s Lo HL CRTC+15 iLoad backwards

ocoa3?

opo3a i This code proarams the CRTC Chip for B0 x 24 screen
ooo3? } Only reguired for Mede!l 111 Graphics Boards

oo0&a

0o0&1 FOIW: auT {C)sB iSelect Data Register In CRTC
0004z LD Ay (HL ) iGet the data

oooa3 auT (13704 1Stare that im the CRTC

OO0&s QEC HL iMogue 10 previgus Entry

00o&s 0JNZ FOiv iDecrement EQURLEr

000&sa

00047 La HL.FCB iPoint at the FLB

0ooLs Lo (HL ). 00K iZero the buffer

00049 LD DE » HL iBuild destinatian painler
ooosao INC 0E iCoey tirst byte to secaond position
ooosi Lo Bc,32

Do05Z LOIR

0oos3

00054 POP HL

oooss LD & D0OH

00054 CF (HLY

pogs? JB 2,ERROR

ooosa L DEsFCB

goose TRSO0E a&FSPEC iMove filspees to FCB and do a svntax check
000s&0 JR MWE s BOME
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goosl
00062
000&3
ejuls THY
oooss
000&&
0ooL?
0CD&B
ocos%
ocaro
ooorl
goo?z
onoTs
0oo7s
goovs
ooovée
ogove?
goo7e
ooowe
gooeo
opoai
DoDag
oooe3
pooas
oooes
oooBs
oooav
ooooo
noooes
00090
oooTi
oooez
ooos3
0004
0oo%s
0ooss
ooogy
oooss
gooee
goi1oc
go10t
golozZ
ooi103
00104
ooLios
paios
goiny
gJ1o08
goi0%
oDi1d0
0oiil
o011z
0013
ooL14&
ooLLs
goLi1s
ooL1?
goLie
goiis
OoL1zZo

HETREC

HNGRPH

EGRPH:

EXLT:

ERROR:

BOME

Lo
Lo

TRSDOS

RET
Error

LG
TREDOS
JR

Lo
OR
Lo

Model 4 Computer Graphics

HL « BLUFFER
DE .FCB
B.0

SINIT

NZ s BOMB

Ay DE3H
(STATUS) ;A
&

(K)o A
(Yol
E.A

0.80
B.75

HL s BUFFER
c:B

B.0

A {DATAD
CHL ) o
HL

E

&, E

1]
HZEERPH
&

E:h
ST

A {YPOS)
'Y
{¥YPOS) .,
(YY)l
HERPH
OE
DE:FCB
aWRITE
oE

NZ sBOMB
B.C
NATREC

DE.FCB
aCLOSE
AOFCH
[STATUS ) . &
AriEFLAG]
L&

H:0O

A

Exits

HL s PARM
d0SPLY
EXIT

tEFLAG) 1A
DcoH
Cail

iOpen +1le 1¥ it exists, @lse create one

istatus = inc X atter read
ilmit X & Y ta zerg
icaunter far M valueos

180 X values
175 disk records tor entire scrEen

1254 bytes per record
iGet rext srephics bBrte

i and put In buftter

iCame row?

iNext raw. Set X ta zere

iGe get next araphics byte

idrite a record to disk

iGo 111 butter tar next record

iStatus = graphics ottt ng waits, N Incs.

iTest Error byte
iReturn to TRSO0S aor BASIC

iComplain




00121
op12g
001é3
00124
00125
oa124
Qo127

oizs
onize
00i3n
o013
ooi13z

PaRM:
EFLAG:
YPOS
FCB:
BUFFER:

CRTC:

TRSDOS
JR

OEFM
OEFB
DEFB
DEFS
DEFS

QEFB
ENO

Graphics Utilities

aJERROR iDisplay errar message
EXIT

'Filespee reguired”’

L]

32

254

'?'?‘JEDsBE :BJEE:-ﬂrEﬁ IDJ?J‘DIDJUIE »ﬂs:I

GSaAVE
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ponoi
0o0Ccz
0ooo3
noooa
0ooos
oogods
oooo?
ooooa
Qoooe
anoao
oooia
ogoiz
o0oni3
00014
0oo1s
ooois
goo17
goois
Dooaw
gooZa
oooZL
ooo22
cogz3
ooodé
opoze
o0oozs
ooogz?
coozs
ooogs
oog3o
0oo31
goo3z
0go33
ooo3s
0go3s
0oo3é
Qoo37?
0go2e
oog3s
0goo<£0
000l

i GROM == Ty

TRS00S:

STATUS:

GROM

FOIW

CRTC:

PEECT
PRINT

Macro

MALCRQ
L.a
RST
EMDOM

Port
EQuU
Main

Lo
ouT
Lo
LD

This
Cnlyw

QuT
LD
ouT
DEC
b i ¥y

LD
our
XOR
Lo
RET

DEFE
ENO

Model 4 Computer Graphics

rr Oon greaphice display with waire ne

Z2500H iMode!l & Ouerlay area
SHORT « NOMAT
]
rl
A.Hl
Z8H
Equmtes
834
Program
A5 10
{236) 4 iTurn on CRTC ports
BC,108BH iLoad 15 Regs and point to esontrol port
HLCRTC+1& ibead backwards
code programs the CRTC Cwip tor 80 « 24 screen
rémuired fgr Mode!l 11] Grashicz Boards
LCy.B iSelect Data Resister in CRTC
AafHL) iGet the data
(137) .4 iStore that in the CRTC
HL iMove ta previous entry
FOLw ilecrement coumter
AOFFH
(BTATUE) A
.
HL 0O

iReturn ta TRSODS o BaASIC
5%.80,8%.8.25,4,24,0,%,0,0.0,0.0,0
ERON
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0oooi
ooooz
Qooo3
0ooos
oooos
gooos
oooo?
oooos
ooooy
opoio
gooll
pgoo12
goal3
00014
Qogis
poots
pogLz
gooois
opoiy
gooz0
gooz1
pooz22
0ooz3
00024
o0onzs
000Z2&
goozy
oooze
0ooze
oogz3o
oog3l
poo3z
o0oo33
ooo34
gag3as
0oo3s
ooo37
goo3a
goo37
0oD&0
oop&al
00042
oCo42
000&&
0o04s
O0D&&
pogss
poo0&as
o0o&s
0poso
00051
0oo0s2
agos3
aooss4
oonss
aooss
poos?
poose
000ss
0D0&0

i GPRINT ==

TREOO0S

dFRT:

APRINT +
dFLAGS:

x5

Y&
DaTA:

STATUS:
i

GPRIMT:

FOIV:

PSECT
PRINT

Macros

MaCRO
LD
RST
ENDOM

24600H
SHORT sMOMAC

#1
Aol
Za84

TRSO0E SVWLC Eguates

EQU
EGU
EQU

&
14
101

Fort Equates

EQU
EQU
EQu
EGU

BOH
aiH
82ZH
a3H

Main Proaram

LD
ouT
LD
LD

A, 10H
{2361 1A
BC.15
HL:CRTC

Graphics Utilities

Print sraphics screen to sraphics printer

iMaode!| & Owverlay area

iPrint a character on the printer
!Print a8 |line an the printer
iPoint to syvsiem control tlaas

iTurn on CRTC ports

This code programs the CRTC Chip for 80 x 24 screen
Onaly reguired 4or Mode!

LD
QuT
Lo
ouT
INC
1HC
La
CP
IR

LD
ouT

CaLL

KOR
ouT
LB
Lo

Set the
Lo

TREDOS
JP

A, B
(136 14
B (HL )
V1370 .4
HL

=]

fa B

c
NZFOLV

A:00BH
(STATUS) s A

LNITEF

[

(X) ehy
(BPOS) A

CXLOC) 14
printer to start
Cs1Z2H

aPRT
MW+ BOME

11l Graphices Boards

:prﬂgrln CRTC chip +or BO by 26

iOutput & Control bvte to cause
i ¥ to automatically dec., on a read

iZerg Brint butter

iSet A& to O
ilmitialize the
] " LU

X position
bit pomitian
[ # ® |gcation cOunter

garaphics mode
iBegin Grashics mode

iQutput Character
iFrinter Mot Ready

-



o0&l

ocooe2
0oo&e3
000&4
000&s
000&8
00os7
fCoca
o0ooses
00o7a
oocgvi
ooow2
ooov3
noov&
poovs
00o07&
noow?
0oove
oogwe
oogeo
ooaal
oooaz
oooa3
oo0&4
oo0as
Do0B&
oooar
Dodes
oooas
oooso
0oo91

0oos2
0ooT3
00094
ooo9s
o0oo%s
oooev
ooove
oooT?
aoi00o
0010l

00102
goio3
00104
0gi0s
ooins
goio?
goige
oning
go110
0o111

nni112
00113
od114
nnils
f011&
o017
on11|
no119
0oi1z0

FOIWVL:

COLUMM

OECJs

PAST

SETO:

.
v

PRNORS s

Model 4 Computer Graphics

Turn oft international eharacter set translation

TREOC0S aFLAGS

LD Bl [Y+B) iCet IFLAGS
L0 (OLD) -4 iSave a copy ot the current settings
RES G IY+8) iTurn oft bit & (Intl. Translation)
L0 IX:BUFFER ipoint [X at the printer butter
LD B:240 igo throush a whole column of bytes
LD AsB iPut value in A and decrement
DEC & I =0 it can be put vut as
ouT {7)sh i the ¥ position
Lo HL s MASK iPoint at character mask
IN A (DATA) iinput & sraphics byte
AND {HL} ichop oft all but proeer bit
CaLL POJSETD ilt result is odd parity set bit O
i othervise bBit A is O
Lo HL s BPOS ieoint HL at the bBit socrition
PUSH =] isave register B {(tor OJNZ |oge)
Lo BslHL) iget count
INE B ilnerement {in case it is 1)
DEC B imoue bit |eft BPFOS number of times
JR Z:PAST il¥ dones mowve on.
RLC -1 inoue hit lett pDne positinn
JR DECJ irepeat |laoop
PDP BC ioet |oop counter back
ar (IX) imerae A with byvete ot arinter hutfer
LD (LX) iPut meraed result in butfer
INC IX ilncrement buffer polinter
OINZ COLLIMN icantinue [oop
LD By 7 iSee it BPCS kas gatter to B.
1 NC (HL ¥ i I4 It hae {printer uses 7 hits)
cP (HLY i grint the bufter and reset
CaLL Z2:PRNORS H BPOE to O
La HL s MASK iAfter getting & wertical row of bits
RRC (HL} i rotate the mask right one position
Lo A s ATH iCkheck to see |+ iteg bBacsk o
CF {HL) i it's original value:, it not
JR NZ.FO1VL i go get another row of bBits
(W] A {xXLOCY ilf 803 get X pos (to inerement it)
CcP 79 iCheck to see if we are at the end...
JP ZH+BYE
1MC -1 iotkecuig® iAncremant the ¥ cgumte-
Lo CELOC) A iand store it back
OuT (X)sh ialso update the part wvalue
JR FOIW1 incCw 90 met another row of bits
Lo Bl iset A to kimarw 0000 OOO1
RET i armd returnm

This routine edits the pr|nt butfer to resmowve trailina blanks
and then sends the data to the printer

Lo HL sBUFFER+Z39 iSet up the

Lo 0.30H iPrime termimator

LD B.237 iStart testing

Lo A,B0H iTest anainst nothing

38



Graphics Utilities

00121 CLEAN: LCP (HL} ibdnwthing there?

o112 Ji MNEZ+STOF iFound something to pPrint

00123 Lo tHL)Y O iThen ast rid ot It

OoOlZ4 QEC HL

oo1Zs DINZ CLEAN iShorten the |ine as muckh as possible
DO0LZ& STOP: Lo HL s BUFFER iPoint ta the start ot the text
pDoOLzE? TRSODS aPRINT iPrint the contents ot BUFFER and do a C/R
0oizZa XOR =] iclear A

ooize LD {BPOS) A ireset Bit posit!on counter

go130

ooial i Initialize the Printer Bufter

00132

0133 INLTEBF: LO HL :BUFFER iPaint at the bu¥fer

Uolds Lo (HL} »B80H iFill the butter with x*B0°

00135 La OE s HL iBuild destination pointer

00134 INC DE iCopy tirst byte to second pasitian
go13v7 Lu BL s Z23% iZero 240 bytes

pnL3s LOIR

ooi3w RET

Ooi&0

00141 BYE: CaLL PRENORE

Ogi&2 La C:l1EH iEnd Graphics Print Maode

00143 TREO0OE aPRT

00144

o145 BOME Lo AOFCH iStatus = graphics ottt no waits:, no incs
0Di&s ouT LSTATUS ) A

00147

pol14e TRSODS afFlLaiks iPoint to system flags again

00149 LD AL LOLD) tGet ald coantente ot [FLALS

oolso Lo CLY+8) .4 iSet things back the way they were
ooi51

ooLsz LD HL 0O ifero Return Code

gois3 RET iReturn to TREODDE or BAEBIC

00154

DoLiss

goisse MASK DEFB BOH iMask to use in Extracting bBits
0a0157? BUFFER: DEFS 240 iPrinter data butier

caise DEFB ooH iTerminator tor Print Line

00159 BROS: CEFB o iBit position in printér butter
001&02 XLOC: CEFB 0 iCurrent X location wvalue

00141 oLO: CEFB 1] i0ld cortents ot IFLALRS

00142

001432 CRTC: CEFB 9%.80,85,8,25,4 24,24 .0,9,0.0:0.0,0:0

00146

00145 EMD GPRINT

N



ooooi
ooooz
pooos
ifufalaly
opons
0Dpoos
oooo?
ooooa
0oooe
oogiao
ooo11
oaooiz2
0po13
00014
opo1s
Qo001
ooogivy
anoie
oooLe
ooozo
0ooza
gopzz
oooz3
oogza
00o0Zs
0onz2s
ooozz?
gaoza
0aoz9y
ooo3o
0oo31
ooo3z
goo33
ooo34
ooo3s
o003
Qoo3r
ooo3e
0ao3as
00040
0d041
00042
00043
000&4
goous
0004&
oooaT
ffufsfy-}
o004
ooos=a
ggasi
oogs2
goos3
onoss
oaoss
Qooss
Qoos?
ooose
agoss
000&0

Model 4 Computer Graphics

i GCLS == Clgar araphics screen
PSECT 26004 iMode! & Querlay area
BRINT SHORT ,NOMAC
} Macros
TRSDOS: MACRO #1
Lo B #l
RET 2BH
ENDM
i Fort Equates
e EQU B0+
¥ EGU B1H
DATAY EQU BzZH
STaTUS: EQU 83H
IMNCY « EQU TOH
INCXYs: EQU 30H
i Main Frogram
GCLS: Lo & 10H
our (23&) .4 iTurn an CRTC ports
La BLC:1088H iLoad 14 Resgs and point to control port
LD H_o:CRTC+15 iLead backwards
] This code proarams the CRTC Chip for BO x 24 screen
i Only reguired tfor Mode| [I1]l Graphics Boards
FOLW: ouT {C1aB iSe lect Data Resister in CRTC
LD B HL) iGet the data
ouT (13704 iStore that in the CRTC
DEC HL iMove to previous entry
ul T FOlv iDecrement counter
Lo A INCY iSet graphics status!
ouT [STATUS ) & i Graphics cft: waite atts inc ¥
HOR 4
ouTt ()t iSet X & Y addeess to O
ouT LTk
Lo B 80 80 X addresses
QUTER: LD c.B
La B,23% 1239 Y addrescses. Zi0th done atter |oaoe.
INNER:  OUT (DAaTA) 1A ifero graphics memory
DJNZ INNER iGo clear next Y
Lo A [NCKY iSet status to inc X & Y atter write
ouT (STATUS) A
XOR 1
ouT (DATAY A iand clear last (2&40thk) Y address
ouT IR ET- iSet Y back 1o zerg
LD A INCY iReset status to inc Y only
ouT (ISTATUS) &
AOR &
Lo B.C
OJINZ OUTER iGo clear next X
LD A3 OF CH iSet status: graphics oft, no waits: no ince
ouT (STATUS) s &




0oasl
ooosE
ooD&s3
Q0D&4
Q00&5
0004k
Qo0& 7
s [af 4}

CRETC:

AOH
Lo
RET
DEFE

END

A
HL 0

Graphics Utilities

iReturn to BASIC or

TRSDOS

99:80:85,8,25:4,24,24,0,9.0:0,0:0:0.0

GCLS

6l



aaool
aogoz
Qooo3
aooos
0ooos
oooos
oong?
gooos
goooe
oooio
gooii
o0o1z
00013
00d1&
0o0a1s
o0a1é
ooo17?
14 (1 pa)
oao1%
Qaoza
0oooz1
QoDz2
oooz3
0ooz4
ooozs
uobis
oanzv
oooza
ooo2y
Qoo30
ooo31
0ooaz
0oo33
ooo3s
aooas
0oo3a
ooo37?
uogaa
noo3s
0000
OoUD& L

Model 4 Computer Graphics

i GROFF == Turn gsraphics display off with waits ott

TRSDOS

STATUG!

GROFF

FOlV:

CRTC

PSECT 2&600H iMoge!| & Querliay area
PRINT SHORT sNOMAC

Maecros

MACRD "l

LD AWl

RST Z8H

ENDM

Part Equates
EQU B3M

Mein Progsram

LD &,10H

o (Z23&) 1A flurn an CRTC ports

LD BC,1088H iLopad 1& Regs and point to control port
LD HL»CRTC#15 iLoad backuwards

This code programs the CRTC Chip for B0 x 24 screen
Only regquired for Mode! []l] Eraphice Boards

ouT (Cy:8 iSelect Date Register in CRTC
LD A (HL) iGet the data

out C137) .88 iStare that in the CRIC

DEC HL iMove to previous entry

DJNZ FDiIv iDecrement counter

LD A&, OFCH

ouT (STATUS) A

KOH A

LD HL :D0

RET iReturn 4 TREDOS a- BASIC

OEFB 99.,80.85,8,25,4,24,0,9:0.0.0.0.0,0

EMD LROFE
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oooot
ooooz
oooo3
ooogs
oooas
oooos
poooy
goooe
ooooe
a0o10
gooll
ooo12
oooLs
DOOi&
ooois
poois
gooLl7?
goole
ggoly
00020
OgoDZ21
goozz
D0DE3
gooz2s
cooEs
0oo0zZs
oooz?
gooza
[sfuls e
[a]ulncis]
00031
ooozz2
gon3as
ooo3é
ooo3s
Doo3%
gogav
oogza
pooas
oooso
o0&l
ooD&az
00043
00044
20045
pOD&s
oooav
pooss
DDD&%w
oposo
poos1l
oposz2
goos3
0o0s4
oooss
gooss
gaos’
goose
00059
J00&0

Graphics Utilities

H GFRTZ == Print graphics X kor |l zontel
PSECT Za00H iModel 4 Overlay arma
FRINT SHORT s NOMAC
| Maeros
TREDOS: MACRO #1
LD Akl
BEET Z8H
EMDM
i TRE0DQS SVC Esumtes
aPRT: EQU & iPrint a character on the printer
dPRIMT: EQU 15 iPrimt 8 |inge on the printer
BFLAGS: EQU 101 iPoimt to system control tlmgs
i Port Equates
X EGQL BOH
Yi EQu BiH
DATA: EQL BZH
STATUS: EQU B3
H Magin Program
GRPRETZ: LD & 10H
buUT (23604 iTurn an CRTC ports
LD BC:108BH iLomad 14 Ress a&nd point to control part
Lo HL:CRTC+1S iLoad backwarcs
1 This code programs the CRTC Chip for BO x 24 screen
' Only reguired for Model [1I Graphics Epards
FOIW: ouT (Ch,B iEelect Data Register im CRTC
L0 Ay (HL) iGet the data
ouT (137):4 iEtare that in the CRTC
DEC Hi iMowe to previous entry
OiNZ FDIW ilecrement counter

Set the printer to start srephkics mode

LD Cs12H iBeain Graphics mode
TRSDOE aPRT ifutput Character
IR WZBOMB iPrinter Not Ready

Turn oft imternational character st translation

TRSDOE BFLAGS

Lo Al lY+8) iGet IFLAGS
LD (OLD) A iBave & copy of the current Settings
RES &ellY+R) iTurn oft bit & (lntl. Translatian)

Cpen Video Memaory

LD C.0 iGraphlcs ¥ addraess
LD A30E3H i0pen RAM with video weits
ouT (ETATUS) &
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DoDs1
QiDLa2
ooDszs
Q0044
oooss
000&%s
oposv
000&5
000&w
ooo7o
Q0072
aoov2
Qoov3s
0og7e
oaavs
00ove
aaav?
ooove
gaovs
oooeo
gooel

gooaz
oaoe3

BERES

pooss
gapaz
oobDee
gopas
oooso
poosl
ooos2
ooo93
rfefs A
goows
0oovs
ooowy
gogwe
oooesy
ooioo
ooiD1
o010z
goio3
00104
goios
0oi0s
goi07
ooioe
goiow
ooLi0
ooiii
o112
oo1i3
oDila
oo1is
DoLis
ooLLv
ooiis
ooLiw
oo1z0

MEWLM:

MNEWRL *

BYTELl:

2iT.

DONE

BOMB

Model 4 Computer Graphics

Initialize the Printer Butfer

PUSH BC iSave BC

LD HL BUFFER iPaint a8t the butter
LD {HL} »80H iFill the butfer with =x*80'
LD DE -HL iBuild destipation pointer
1MC CE iCopy tirst byte to second position
LD BC: 637 iZera &40 bytes

LOIR

POP BC iRestore BC

LD D.L iBit imn but toa set

LD f,C

ouT (Yhets ilpdate Y address

1MC C

LD ML «BUFFER

¥OR &

ouT (XD iFestart X sddress

LD B.80 iGet BO sraphiecs bytes
PLIEH BC iSave ¥ & logp counter

IN A, LDATA)

kB E8o+ ot s Sl 01
LD ALC

AMD E

JR Z:0FF

LD AaD

CR (HL)

LB (HL Y+ P iSet bit in buffer

1MC HL iMewt butter brim

SRL E iNgxt bBit

JR NZ,BIT

CJMZ BYTE1l

POP BEC

LD A,2&0

CcP G iLast Y sddress?

JR 2 DONE

SLA D INest Bit ITn Butfer

JR P/ HNEWRW

CaLl PRIMNT FPr it Lufter

JR NZ sBOMB i&n Brror Qccwrred.

JR NEWLM

caLL PRINT

LD C+1EH tEnd Brephics Print Mode

TREDOS JPRT iWe do not care it this one fails.
Lo A OFCH IiStatus = graphics aoft» no waits: no
ouT (STATUS) . &

TRSDOS arLasgs iPoint tu systEm 'I:|-g- again

LB A, {0OLD) iGet old cantents of LFLAGS

LD CIY+8) A iSet thirgs back the way they were
Lo HL 0 iZera Return Code

INCS




opL2i
pDo122
goi1z3
0o1g4
0o12s
Oo12&
goLe?
oo1ze
oo1g%
ooi30
ooLsl
oB132
oo133
oo134
ooi3s
00138
ooi3?
ooi1za
oo137
00140
OQlal
Ooi42
0p1s3
001s4
00145
Oolas
00147
00148

PRINT*

PFrolve

STOP

CRTC:

oLDx
BUFFER:

RET

PUSH
Lo
Lo
LD
Lo
CcP
JE
DEC
DEC
LD
oR

JR
INC
Lo
LD
TREC0OS
POP
RET

DEFB
DEFE
CEFS
DEFB

END

BC

HL BUFFER +&3%
0.004

BL &40

A fHL Y
oM
NZSTOP
BC

HL

4B

c
NZsPFDIV
HL

{HL J -0O0H
HL ;BUFFER
aPRINT

BC

Graphics Utilities

iReturn ta TREDOE or BASIC

iPaint ta the wrnd ot the but i

ikey on the terminator

iSet counter

iLoogk at a Lyim

ils it a mothing?

iThen stop

iDecrement counter

ildecrem#rt polinter

iSew if we are cone

el | 7

iLoop +or more

iMove pointer back one

iLoad a terminatar after last walid brie
iPoint at the text to be printed

iDisplay it

iDores exit

F%:80:8550, 2514926326 ,0:750:0:0:050:0

a
&&D
QDH

GPRTZ

i0ld contents ot IFLAGS

iCarriage return




pooo:
pDoooz
pooons
DooD<
oooos
0oooDs
oooo7
ogoos
oooos
oooin
ooo1i
00012
00013
00014
paois
[1]uli Y
oooLvy
poois
ooolw
00020
ODDZ21
ooo22
pooz3
00024
DoozZS
DOO2&
oooz7
pooza
oogzs
ooozo
oogal
ooo3z
ooa33
oo03s
oooas
0oo3s
ooo37
ooo38
oooas
ooo&n
00041
ooDaz
Q00s3
DO0D&&
oonLs
0004s
ooos?
fa [efafA]
00047
Qoos0
poposi
goosz2
0ogs3
00054
pooss
oo0oss
onos?
00058
gpaosy
Ooo0o0s0

i BPRT3 == Print graphics X horlzontal double ¥ axis
PSECT 2400H iMode! &4 Overlay arsa
PRIMT SHORT » NOMAL
i Macros
TRSDOS: MACRD #1
LD H,m1
RET 284
EMDM
H TREDDS SVYC Equates
SPRT: EaQu & iPrint & character on the printer
FPRINT EQU 14 iPrint & |ine on the printer
aFLAGS: EQU 101 iPaint to system control flags
P Part Eguates
W EQu 80H
¥ EQU BiH
DAaTA: EQU BZH
ETATUS: EQU 83+
H H.i n Prn'gr'lrr.
EPRT3: LD A, 10H
ouT {23&) 1 iTurn on CRTC parts
Lo BC.l1088H iLoad 14 Reas and point to eont-al
LD HLCRTC+13 iLoad backwards
i This code programs the CRTC Chip for B0 x 24 screen
i Only réguired tor Model [1] Graphics Boards
FDIV: ouT {C),.B iSelect Data Register in CRTC
LD &y (HL ) iGet the data
ouT (137) 4 iStoare that in the CRTC
QEC HL iMove to previous entry
0JNZ FDIV iDecrement counter

Model 4 Computer Graphics

Set tha printer to start graphics mode

LD C:12H iBegin Graphice mode
TRSDOS dPRT iQutput Character
JR NZBOMB iPrinter Not Readws

Turm ottt internationa!| character S8t trane|&atian

TREDOS aFLAGE

prOrt

LB Aa{IY+BY iGet IFLAGS
LD COLDY s A iSave & copv 6f the current settlines
RES & (1Y+8) iTurn ott bit & {Intl, Translation)

Qpwn Video Memary

LD £+0 iGrephics Y addresas
Lo A, 0E3H iDpen RAM with video walts
ouT {ETATUS) ; &




oo0&1
aopDaz
0o00&3
oo0D&4
oopoas
000&s
ooosy
0ooss
nogas
paavo
ooovl
goavz
naoy3
oao7e
oaavs
0o0v4
aaavy
gaove
aonys
gaaen
ooosi
nanaz
gooa3
oooas
nnnas
Dooss
aooay
nnnas
oooas
ooaso
nans1

ooovz
ocoe3
ooo94
oooss
0a0%s
ooosv?
googsa
Qoose
ooioo
ooiot
foio2
oaio3
ooLos
ooLos
ooi0s
ooLov
ooioe
ooLoe
ogLio
ooi1l

ooi1z2
00113
oo11s
oo115
oolis
oo117?
ao0iia
ooi1%
00120

MEWLM:

WEWRY

WNELIF1 2

BYTE :
BYTEL:

BIT:

OFF :

Graphics Utilities

Initialize the Printer Butter

LD

PUSH
PUSH

D»3

BC

CE

HL : BUFFER
{HL) «BOH
DE +HL

DE

BC:&37

DE
ec

&,C
(Y)aa
AL 404
1]
Z:HNEWR1
C

HlL «BLIFFER
-

[ £ ¥
B8N
Ash

D

NZ sBYTE
Os&

BC

A, (0ATA)
C:a
E-80H
&sC

E
Z.0FF
A.0
fHL
THL ) v A
HL

E
NZBLIT
BYTEL
BC

A 240

=

Z .DCME
3]

0

2 EMDRW
P NEUWRW
& TFH

o

ﬂ:.ﬁ.

NI sNEWRL
ENDRZ

iBiti{s) In but to set

iSave 8C

iPoint at the butter

iFill the butter with x’B0°
iBuild destination pointar

iCopy first byrte to sscond pasition
ilero &40 bBrtes

iRestore BC

ilpdate ¥ address

ilt printlmng row Becond time
i Mowve to next row

iFestart X address
iGet AN graphira hvtes

iSave ¥ R lomp Froumtee

iSave graphics Byte in C
iGes bite lett to right

iSet bit in bufier
iNext butter bvie
iMe=t bBit

fLast ¥ address?

iNext bit in butter
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oot2l
Do122
oo123
Oo1Z24
o0L2s
pDoiZ2&
oo1z27
ooize
oo129
ool130
00131
oo132
00133
oo13s
0oi3s
2013s
ooLavw
0oL3a
goo13%
oois0
OoD1&i
ooi142
00143
i f A
Oo0Li&s
O01&&
DoL&?
pois8
00L&
oois0
goisi
agis2
oo1s3
o0isé
ool1s5s
ooils5s
ao1s7
op1s58
aolsy
ools0
oolsl
0oi1s2
00143
ool1s4
00165
onlés
0017
ooi1s8

ENDRW:
ENDRZ

DONE

BOME

PRINT:

PFOIV

STOP:

CRTC:

OLD:
BUFFER+

LD
PLISH
CALL
POP
JR
JR

CalLL

LD
TRSOOS

LD
ouT

TRSDOS
LD
LD

LD
RET

PLSH
LD
LD

Lo
CP
JR
DEC

LO

OR

JR

INC

LD

LD
TRECOS
POP
RET

QEFB
DEFB
DEFS
DEFR

END

Model 4 Computer Graphics

NZ ;BOMB
HEWLN

PRINT

C:1EH
aPRT

& 0FCH
{STATUS) A

aFLAGE
& LOLD)
(IY+B) 4

HL +0

BC

HL :BUFFER+43%
D+00CH

BC 440

A LHLY
a0
NZSTOP
BC

HL

4B

C

NI PFOIWV
HL

{HL }»00H
HL +BUFFER
aPRINT

BC

iPrint butter

iPrinter Erraor

iEnd Graphics Print Mode
ide do not care if this one tails.

iStatus = graphics otfy PO weitss no

iPoint to svstem flaas a=ain
iGet oid contents ot [FLAGS
iS8et things back the way they were

iZero Return Code

ifeturn to TRSDOS or BASIC

iPoint to the end ot the butfer
iKkev on the terminator

iSet counter

iLook at & bvte

ils it a nothine?

iThen stop
iDecremant
ilecrement
iSee If uwe
iWel 17
iLone for more

iMove pointer back one
ilLoad a terminator Bfter
iPnint at the text tn he printed
iDisplay it

caunter
padinter
are done

iDanes exit

99,80,85,8,25,4,24,24,0,9.0,0.:0.0:0,0

o
&4l
nnH

GPRT3

iDld eantents ot [FLAGS

iCarriage reaturn

'nc e

least valid byte
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4/ Graphics Subroutine Library (FORTRAN)

The Graphics Subroutine Library included on the Computer Graphice digkette lets you use the functions of TRS-R0
Computer Graphics while programming in Model 4 FORTRAN (26-2219), This library (GRPLIB/REL) must be
linked w any FORTEAN program that accesses the Graphics Subroutines.

BASICG vs. the Graphics Subroutine Library

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

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

® The BASICG commund PAINT hus two cormesponding library subroutines: PAINT and PAINTT. PAINT s for
painting solid black or white, and PAINTT is for painting with tiling.

® The Library subroutines that correspend to BASICG commands that use (x,y) coordinates {cxcept for VIEW) use
{x.¥) coordinates that have been previously set. The subroutines used to set the coordinates arc 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,v) coordinate pair use the “current”™” coordinates and subroutines that use two (x.¥) pairs
use both the ““current”™” and the “*previous™ coordinates. Each call 1o SETXY or SETXYR sets the coordinates as
follows:

L. Assign the values of the “current™ (x.¥) coordinates to the “previous’' (x,¥) coordinates, (discarding the old
“*previous™” coordinates).

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

Initialization

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

routing (GRPINI} is included in the library. A call 10 GRPIMNI must be made as the first access to the Graphics
library.

Example
G@1@22 C SAMPLE IMITIALIZATION
@else DIMENSION W(38)30)
eazed CALL GRPINI <@)
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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 (L8O} to generare the load maodule,

Example

Le@ ([ENTER

*SAMFLEz 1 -N
*GRPHSAM CRPFLIB-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 arc the names of the relocatable modules to be linked and their
respective switches, —E ends the routine and creates the executable program SAMPLE. The #'s in the example arc
prompts for the user — not duta to be entered.

Mote: If there are unresolved external refercnces. the FORTRAN Li|1n|.r}' may necil to be sccanmed 3 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 crror 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

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

70



Graphics Subroutine Library (FORTRAN)

FORTRAN Routines

Routine Action
CIRCLE Draws a circle, arc, semicircle, or ellipse.
CLS Clears the Graphics Screen.
GET Reads the contents of a rectangular pixei area into an array.
GPRINT Displays textual data on the Graphics Screen.
GRFINI Graphics initialization routine.
| INE Draws a line.
LINEB Craws a box.
LINEBF Draws a filled box.
LOCATE Sets the direction for displaying textual data on the
Graphics Screen.
PAINT Painte the sereen in spacified OFF/ON color
PAINTT Paints the screen in a specified pattern.
PRESET Sets pixel OFF/ON.
PSET Sets pixel OFF/ON.
PUT Puts the stored array on the screen,
SCREEN Selects the screen
SETXY Sets (xy) coordinates (absolute).
SETXYR Sets (%) coordinates (relative).
VIEW Sets up a viewport where graphics is displayed.
Table T
FORTRAN Functions
Function Action
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 drow arcs, semicircles, of ellipses 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
statemcnt, end is read as 2 x Pl cven though you have entered 0.0, If you enter (.0 for aspect ratio, a symmctric
circle is drawn.

Example

CALL CIRCLE{13®:1+2.9.:0.,802.0)
Sample Program
This example draws and paints a circle.

edeie C SAMPLE PROGRAM FOR CIRCLE

doaze LOGICAL COLOR.OPTION

COA3d COLOR=1

a4 OPTION=@

JRASd CALL GRPINI(OPTIDN)

dedEe CALL CLS

de07e CALL SET®Y(3@@.:109)

dpoBR CALL CIRCLE(1@@ COLOR +@.Q4+2.2,0.9)
dedse CALL PAINT(CCLOR.COLOR)

do1od .END

CLS
Clears Graphics Screen

Example
CALl FL1LS

Sample Program (see CIRCLE)

T2
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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 futore use by PUT. The pixel area is a group of
pixels which are defined by the curment x and y, and the previous X- and Y-coordinates specitied by the SETXY
call. The first two bytes of arrgy are set to the horizontal (X-axis) number of pixels in the pixel area: the second two
bytes are set o the venical (Y-axis) number of pixels in the pixcl arca, The remainder of array represents 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

Whnen the array 15 defined, space is reserved 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 — each real number in your storage array uses
four memory locations (bytes).

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

To deternmne the minimum array size:
1. Divide the number of X-axis pixels by 8§ and round up to the next higher integer.
2. Multiply the result by the nomber of Y 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. Diwvide by four (for real numbers) and two (for integers) rounding up to the next higher integer. (Mote: If you're
using a LOGICAL array, the result of Step #3 above will produce the desired array size.)

Wlecn using arrays the position and stze of the rectangular pisel arca is determined by the coiment snd previous (s,y)
coordinatas.

Position; upper left cormer = staripont = (xl,¥1)
lower left comer = endpoint = (x2,y2)

Size (in pixels): Width = x2-x]1+1
length = y2—vyl+1
Example
CRLL GETt(A do@9)

T3
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Sample Program
This example draws a circle, saves the circle into an array, then restores the array to the graphics video.
9950 C EAMPLE FOR GET AND PUT

eaioa LOGICAL V(1Z8) ,ACTIOM

#a15a ACTION=1

éazZaa CALL CRPINIC@)

¢a3aa CALL CLS

ea3sa C ORAW A CIRCLE

eadpd CALL SETHY (3@ .30

aasad CALL CIRCLE(1@+1+0.9:0,8,d.,8)
@a55a C SET CODORDINATES FOR GET ARRAY
PALDD CALL SETHEY(ID 18]

ee7a0 CALL SETHY(4@.48)

apTsad C STORE CRAPHICS INTO ARRAY WITH GET
gapag CALL GETIV.128})

apgad 00 1@ 1=1:+5000

dlogd 1@ CONTINUE
dl1e5¢ C CLEAR SCREEN AND RESTORE GRPH FROM ARRAY

a1108 CALL CLE
@1zo@ CALL SETHY(11@.,11@)
1308 CALL PUT(V ACTIOM)
d14ae 00 28 1=1:5000
@108 2@ CONTINUE
LEHD END

GPRINT

Write Text Characters to the Graphics Screen

GPRINT is used to write text characters to the Graphics Sercen. This is the castest way to display texiual 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 print teat characters (see the Model 4 Disk Systern Owner's Manwal). Cach character displayed
in the 0 or 2 direction uses an 8 x & pixel prid; each character displayed in the | or 3 direction uses a 16 x & grid.
Exccuting this command will set the current (x,¥) coordinates to the end of the last character that was displayed,
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Displaying text in the dircction 0 enpages a wraparound feature. If the end of a line is reached, the display will he
continued on the next line. I1 the end of the scieen 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 GRAFPHICS ERROR will result. When displaying text in other directions, an atiempt to display text outside the
currcntly defined screen will canse a GRAPHICS ERROR to be given.

GRPINI
Graphics Initialization Routine

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

Example
CALL GRPINI(1)

Sample Program (see CIRCLE)

LINE
Draws Line

I INE draws a line hetween the 'pnwiﬂm and curment coordinates. These conrdinates are get by the SETXY or
SETXYR subroutines.

Example
CALL LINE (1s-1)
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Sample Program
This example draws a diagonal line connected to a box. which 15 connected to a filled hox.
tvele C SAMFLE FOR LIME LINEB LINEBF
epaza LOGICAL COLOR
daA3IA coLor=1
eada@ CALL GRPINI(@)
ol et CaLL CLS
deeER CALL SETHY (141}
eea7e CALL SETXY(Z21@.80)
dadoe CALL LINE(COLDR r=1}
*aa9a CALL SETHY (42@,1B@)
g1 C COORDINATES ARE NOW (218,B2) (420,16@)
eai1@ CALL LINEB(COLOR.-1)
eA1Za CALL SETXY(639+239)
eBlaw C COOKDINATES AKE NOW (420 .16@) (B39.238)
eaidp CALL LINEBFI{COLOR)
ed159 END
LINEB
Draws Box

LINER &5 the same as LINE except LINER draws a box berween the two sets of coordinates set by the SETXY or
SETXYR subrowtines,

Example
CALL LINEB(1+-1)

Line Propram (see LINE)
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LINEBF
Draws Painted Box

LINEBF (color)

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

LINERF ix the same as TINEB cxeep LINEBF fills the box (colors in the hox) and the arpument style i niot used

Example

CALL LIMEBF (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 integar exprassion of 0-3.

LEOCATE seis the dircchon that GPRINT will use o display texial data The allowable valoes Tor diveetion ane
M- zern degree angle
I - 90 degree anple
2 - IH0 shepree angle
A -2 degree angle

Examples

CALL LOCATE (@)
This program line will cause characters 1o be displayed ot the current {30 ) coond maes i normal Jelt o meh
oricptation.

cCaLL LOCATE 11
This jrerany lin will cause ¢haracters nr be a.’h|"|.1:|-Cl.| at the current (aov e comrdimares In s vorfcil oncitatnm 2o

from fhe fop of the screen to the hotlom of the scoeen

CALL LODCATE (21
Thais pisgrTam lime will couse chargerers 0 be displaved upside down sarting aof the neheol the sereen amld gomye

towards the lefi

17
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CALL LOCATE ¢3)
This program line will cause the characters 1w be displayed venically 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 OFFON codor (hlack or white). Tt uses the current X- and Y- coordinates
{sce SETXY) as its staripoint,

Example
CALL PAINT(1.1)

Sample Program (see CIRCLE)

PAINTT
Paints Screen in Specified Pattern

PAINTT lets you paimt a precisely defined pattern using a graphics technique called ““tiling.™ You can paint with
tiling by defining a multi-pixel grid in an array snd then vsing that array as the paint patiern,

Examplc

CALL PAINTT (Asl .\

T8
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Sample Program
o@1e¢ C EXAMPLE FDR PAINT WITH TILE

@@15d LOGICAL A:B.BORDER
QOZa0 DIMENSION A(B)
do3ee DIMENSION BEZ)
e93%d © DEFINE TILE ARRAY HERE
204@9 DATE atl)r ALZY BL3)Y ¢ By WBL sy 7420/
20500 DATA AL4) yALSY JA(B) /X248 1B sk "18"/
decoe DATS ALY ACB) AR AR 20 el a2 iR 8Ly
0OG58 C DEFIME BACKCROUND ARRAY HERE
da700 DATA BI{1)B(Z)/1 0/
dOEOO CaLL GRPINI(@)
deoen CALL CLS
1900 CALL SETHY(30@ +1090)
dilige CALL CIRCLE(1S@+19.0,2.0 .0,0)
d1z2a@ BORDER=1
21302 CALL PAIMTT!(A BORDER +B)
1409 EMD
PRESET

Sets Pixel ON/OFF

PRESET seis the pixel defined by the corrent (6.3 coordimates cither ON o OFF

Example
CALL PRESET!(@)

Sample Program

dd1@od C FRESET EXAMPLE

2AzZP0 LOGICAL COLQOR

Po3InG COLOR=1

o400 CALL GRPINI(@)

o CARLL CLS

eaced C S5ET PIKEL To DN

ApTRB CALL SETHY(3d@.124)

¢agad CALL PRESETI(COLOR)

ddadd C TEST PIXEL WHETHER ON OR OFF
21900 K=PDINT(H!

grigg 3@ WRITE 3,351k
gi12ed 35 FORMAT {2 +'PIXEL VALUE I5°.14)
@138 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
00100 C PSET EMAMPLE
00209 LOGICAL COLOR
20300 LOGICAL POINT
20400 COLOR=1
2d509 CALL GRPINI(@)
eeced CaLL CLS
@800 C SEl PLMEL TD ON
00800 CALL SETXY(300,120) .
@a200 CoLL RSET{COLOR)
e1@ee C TEST PIXEL WHETHER ON OR DFF
21100 K=POINT (M)
21209 HRITE (3.,351K
21300 35  FORMAT (°2°,‘PIXEL VALUE 15°',14)
21400 END
PUT

Puts Stored Array onto Screen

i

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

CALL PUT (M1}

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 vou select the proper screen.

Example
FAll SORFFNEA)

Sample Program

This ¢xample tems off the graphics display, draws a circle, then turns on the graphics display. The circle is then
visible

degled C EXAMPLE FOR GSCREEM
doaZe LOGICAL CHMD

ddaae CMD=1

daasae CALL GRPINI(Q)
G CALL CLS

daaTe CALL SCREENICMD?Y
eared CaLL SETHN(3@@.12¢4)
ddg9a CALL CIRCLE(1@@+1+2.0:0.0,0.8)
edldad CALL PAINTOL +11}
¢at1a@ oo 2@ I=1.1200@
eaLza 249 CONTIMUE

eaidgd CHO =@

afida CALL SCREEN(CHD)
Qa15d END

&l
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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’” is lost and the “‘current coordinate™ becomes the "' previous
coordinate, "

Example
CALL SETHY(108,100)

Sample Program (see LINE)

SETXYR
Sets Relative Coordinates

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

Example
CALL SETXYR(32.,30)

Sample Program
pee1® C DRAW TWO INTERSECTING CIRCLES
poo2ZR CALL GRPINI(1)
0003¢ CALL CLS
e@ae CALL SETKY(198,100)
2205 CALL CIRCLE(5@+1+0.0:2:0:0.0)
PROE@ C DRAKW SECOND CIRCLE WITH CENTER 2@
P79 C PIKELS TD THE RIGHT OF FIRST CIRCLE
poeBe CALL SETHYR(ZI® . 8)
LD CALL CIRCLE(504+1.40.@,0.8,0.0)
02190 END
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VIEW
Sets Viewport

VIEW diaws viewpoits on your screen, Graphics is displayed only in the last defined viewport.

The upper-left comer of viewport is read as (0.0) (the “relative origin®’) when creating items inside the viewport.
All the other coordinates are read relative to this orgin, However, the ““absolute coordinates™ of the viewporn, as
they are actually defined on the Graphics Cartesian system, are retained n memory and can be read using VIEW as

a function.

Example
CALL VIEW(1@0.,100,200,200+:@4+1)
Sample Program
ed18@ C SAMPLE VIEW PROGRAM
eozZde LOGICAL COLOR +BORDER K
do300 INTEGER FVIEW
pauRR CALL GRPINI(1)
pased CALL CLS
epced C GET UP VIEW PORT
eevon COLOR=@
degae BORDER=1
02900 CALL VIEW(21®.,60,42@,160.COLOR BORDER
o100 C DRAW MULTIPLE CIRCLES
01100 CALL SETHY(105+4@)
61200 DD 20 I=10,15@+10
01300 CALL CIRCLE(I+140.0.0.0.0)

¢l1doe 29 CONTINUE
@152 C DISPLAY VIEWPORT COORDINATES

Dle0w Do 4@ 1=1.4
e170d K=1-1

al1aad J=FUIEM(K)
d15d@ WRITE (3+35)I4J

dzZedR 35 FORMAT (*Z',*VIEM PORT COORDINATE *:+Id.:' 18 AT 14}
9zZ10@ 4@ CONTIMNUE

82282 C PRINT EMPTY LINES

B3
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2000 CO G& I=1.C
ezdae HRITE (3.,50)
@252 S0 FORMAT (1HI1)
02600 G CONTINUE
eZ7o0 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 1 and y coordinaie as specificd by SETXY or SETXYR. If the
point is oot in the corrent viewport, POINT retirms — |

Example
K=POINT(M]

Sample Program (see PSET)

FVIEW
Reads Viewport’s Parameters

FVIEW rewrns the specified viewport parameter;
0 = retumns the Jeft X-coordinate

I = returns the left Y-coordinate

2 = returns the right X-coordinate

3 = returns the right Y-coordinate.
Example

I=FUTEW{@Q)

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 1o 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 % 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 - 33 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  — & flags which tum on or off the user programmable options (Write only).

The /O port mapping of the board is:

® o) — X-Kegister Write. (8U)

® y]1 — Y-Register Write. (B])

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

where x denotes the upper nibble of the 0¥ boundory as set by the DIP Switches. They are set by the factory at
80H.

The Graphics Board uses A-Y addressing w locate the stant of @ Graphics data byle, The upper-leit of e sciven
5 (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 =0, ¥ POSITION =10,

DATA = (00001 000y =08H. MNote that in calculating points to plot, the Y-position 15 comect 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 oplions
wegister, il ey arc w automatically count sfler a read or wiile w graphic wemory . 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.
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The following are brief examples on how 10 use the Graphics Board.

Read the video byle st X =0, ¥ =0

HOR
ouTt
ouTt
IN

&
(B@H) 14
(B1H) +A
A(BZH!

ICLEAR A

FO0UTPUT X ADDRESS
sOUTPUT Y ADDRESS
iREAD YIDEOQ BYTE

Draw a line from X=0% =0 to X =639, ¥ = () using the hardware line drawing

LD
LD

out
HOR
ouT
ouT
LD
LOOP ouT
DJNZ

Mo.

B:79
ALBBLH

{83H) A
A

(8EH) +4
[B1H +&
ABFFH
(B2ZH) +A
LooOP

iB HAE CHARACTER COUNT
iDPTIONS: INCREMENT X AFTER HWRITE
19119081 Binary

i0UT ¥ ADDRESS STARTING
iOUTFUL ¥ ADDRESE

iLOAD A WITH ALL DOTS OM
iDUTPUT DOTE

F0UTPUT NUMBER IN B REGISTER

Options Programming

Option

GRAPHICS/ALPHA"

NOT LISED
XREG DEC/INC®

YREG DEC/INCT

X CLK RD"

Y CLK RD*

X CLK WR*
Y CLK WR*

Description

Turns graphics ON and OFF.
"1" turns graphics ON.

Selects whether X decrements or increments.
*1" galects decremant.

Selects whether Y decrements or increments.
“1" gelects decrement.

If address clocking is desired, a "0" clocks the X
address up or down AFTER a Fead 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

13
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Appendix A/BASICG/Utilities
Reference Summary

Argument ranges are indicated below by special letters and words:

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

f 15 an integer expression of either D or 1.

B specifies a hox,

BF specifies a shaded box.

£ is an imeger expression of O or 1.

n is an integer expression from 0 0 2,

fid i an integer expression from 0 10 3

r i5 an integer expression from (0 to 639,

x is an integer expression from 0 to 639,

¥ is an integer expression from (0 1o 230,

aetion 15 either AND, PSET. PRESET. OR, or XOR.
backgrownd is o string of either 0 or 1.

border I an integer exprassion of either 0 or 1,

end i5 an expression from —6.283185 1o 6.283185;
sfart JO29%5 an expression from —6.283185 1o 6.283185.
switch i5 an integer expression of O or 1.

iifing 13 4 slning o an inleger expression of O or 1,
npe 15 an integer expression of O or 1.

CIRCLE(x yjr e start end,ar Draws a aircle, ellipse, semicirele, arc, or point.

CIRCLE(102.103) ,25 .1 CIRCLE(15@,15Q) 4@ 41 4++4.6
CIRCLE(1@@ 102} 108 :P1.Z2%P1 .5 CIRCLE{-5@,-5@).2¢@

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

CLR Clears the Graphics Screen.
CLFE

GCLS  Clears the Graphics Screen and memary,
GCLE SYSTEM"GCLE" 122 SYSTEM"GCLS"

GET(xl .yl )~ x2,y2),array name Reads the contents of a rectangular pixel area into an array.
GET{1@& 121 -(53.5a) ,u

GLOAD filename/ext. password:d  Loads graphics memaory,
CLOAD PROC SYETEM"CLOAD PROGC"

GLOCATE (x,y) direction Sets the Graphics Cursor
GLOCATE (3Z0+1Z29) 18
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GIRINT  Dumps graphic display on the printer,
GPRINT SYSTEM"GPRINT" 18®¢ SYSTEM"GPRINT

GPRT2 Doumps graphic display on the printer wirhout rotating 90 degrees.
GPRTZ SYSTEM"GPRTZ" 1@@ SYSTEM"GPRTZ"

GPRTY Dumps graphics display on the printer without rotating 90 degrees,
GPRT3 SYETEM"GPRT3" l@¢d SYSTEH"GPRTI"

GROFF  Tumns Graphics Display OFF.
GROFF SYSTEM"GROFF"

GRON  Turns Graphics Display ON.
GRON SYSTEM"GRON"

GSAVE filename/exi.password:d  Saves graphics memory

GSAVE PROG SYGTEM"GSAVE PROG"

LINEfx! yil)—(x2 y2),c B or BF, style  [Draws a line/box.
LINE -{128@,190@) LINE(L1DR2120)-(Z02,:208) +1+8 .45
LINE(@,@)-(10@.:120) +1,8F LINEL-20@ ,-200)-(10d,128)

PAINT (x,x). filing, border background  Paints the scereen
FAINT(3Z@,120) 141 PAINTI(3Z@,120) .,"DDDDD" +1
PAINT{3Z@ +129) 1A%

PAINT(3Z@,120) jCHR$( @) +CHRE(AHFF ) +@ yCHRS (BHG )
PRAINT(3Z@ 122 ) CHR$(E})+CHR${(77)+CHR%( 3}

&POINT(x,y) A function. Tests graphics point.
PRINT &PODINT{(3Z@+120) IF BPOINT(3Z@+120)=1)THEN. ..
PRINT &POINT(3Z@128) -1

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

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

PSET (x.v).switch  Sets pixel ON or OFF.
PSET {100 123) :1

PUT (xl v}, array name action  Puts graphics from an array onto the serecn

PUTC1@2+19Q) A PSET PUT(1@@,19¢) 4 AND
PUT(A.B) B

SCREEN pype  Selects the screen,
SCREEN @

VIEW (xi y1)—(x2,32).c,b  Redefines the screen and creates a viewport.
RTEHI1@AR 1@@) -1 15R15@) UDIEWI12@ 100 -(150+15Q) 10+ !

&VIEWi(p) A function. Returns viewport's coordinates.
PRIMT BWIEMLL)
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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
evecuted, unmatched FOR statement variahla.

RG 3 Return without GOSUB

BASIC encountered a RETURN statement tor which there Is no
matching GOSUB slatement.

it

FC 5 llegal function call

A parametar 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 subseript.

b. A negative or zero argument with LOG.

c. A negative argument 1o 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 giver.

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 memaory

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 subsecript that s outside
the dimensions of the array, or with the wrong number of subscripts.

0 i1 Division by zero

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

™ 13 Type mismatch

A string variable name was assigned a numeric value 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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O
Zz

i Can’t continue
An attempt was made to continue a program that.
a. Has halted due to an error.
b. Has been modified during a break in execution.
¢. Does not exist.

19 No RESUME

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

21 Undefined error

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

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

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

Disk Errors

0 Field cverflow

A FIELD staterment is attempting to allocate more bytes than were
specified for the record length of a direct-access file.
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o2 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 lile mode

An allgmpl was made (o use PUT, GET, or LOF wilh a sequential file,
to LOAD a direct file, or 1o execute an OPEN statement with a file
mode nther than |, O, R F or I3

57 Device /0 errgr

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

61 Disk full
All disk storage space Is 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 lo 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 (1201 .,@,Q,0)

CLS Clears Screen.
CALL CLS(2)

FYIEW (n) Retumns viewport parameter.
[=FVIEW(®)

GET (array,size) Reads the contents of a rectangular pixel area into an array for future use by PUT.
CALL GET(A 4002

GPRINT (size,array) Displavs textual data,
CALL GFRINT (ZB:ARRAYL)

GRPINI (aprian)  Graphics initialization routine,
CALL GRPINI(@)

LINE (color.siyle) Drows a line.
Cootdinates set by SETXY or SETXYR.

. CALL LINE (1 =1}

LINEB (color style)  Draws a box.
Coordinates set by SETXY or SETXYR
CALL LINEB f{(1+=1}

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

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

PAINT (color border) Paints screen.
CALL PAINT(1+1)

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

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

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

PSET (cofor) Sets pixel ON or OFF.
CALL PSET (@)
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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 SETXYR(S50,30)

VIEW (leftX leftY ,rightX ,rightY ,color,border) Sets viewport.
CALL VIEW(100:100,200,200,04+1)
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Appendix D/ Sample Programs

ig

20

3@

4@

oo

6o

70

B2

29

122
112
128
13@
14@
15@
16@
17¢
ige
igde
2ae
21@
229
2382
Z4@
250
ZEQ
27a
ZEQ
288
3o
31@
3Z¢
33
2de
a5e
el
27
J8@
39a
aea
a1@
aza
434
a4@

Pie Graph Prosram {("PECANPIE/GRA"™)

Obaect

The abdJect of this prodram 15 to draw a pie srarh of the
exrenses for a given month of eight derartments of a caompPanvy s
aleon® with the wnumerioal value of erach Prie sectiaon
rerresentation.

Runnindg the Prodram

The month and the amounts seent by each derartment are 1nPuty
and the prodram takes ower from there.

Special features

The amounts sFPent by each account as well as the total
amount sPent are stored in strindgs. The Prodram will
standardize each string so that it is 3 characters long
and includes two characters to the ridght of the decimal
points This allows for inPut of variable lendth and an
ortional decimal Point.

The variaus coordinates used in the program are found
based on the followin® emustions:

¥ = r % gcos{theta)
y = ¢ % sin{theta)l

where x and ¥ are the coordinatess r 15 the radiuss and theta
is the andle. {Note: The y-coordinates are alwars multirlied
by @.5. This is because the ¥y Piuels are twice the size nf the
K Pixels.)

If an angle theta is denerated br a rercent less than 1% the
seption is mot srarhedr and the next theta is calculated.
However: the number will still be listed under the Kervs

Yariables

BCCTH(1) Descrirption of the acecount

BUD®H(1) Amount serent by the acocount

DS% Dollar sioan (uced in oUtRUL)

H¥COL Coluwn number for the pie tection number
HYRW Row numher far the Pip spotinn number

T Counter
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asa
46d
47
48@
43
o0
s1@
-2@
230
S54
oo
SEQ
S7@
SE@
S99
Bgw
G1@
BZ@
3@
Eag
ESD
EED
cie
E8d
E80
708
71
TZ0
74
58
7ED
770
782
79¢
gog
Bl
BZ@
B3¢
Ba@
(=
862
are
gge
8392
agQ
aie
a82a
93¢0
949
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' MM % Manth

4 PER{LY Peroent value of BUDSC(1)

! R Radius of circle

¢ T Andle value line to be drawn

. Tl Angle value of the next line

! TBUDS Total of all the BUD#{i)" s

. THALF Angle halfway between Tl and T@® (used for

! location Fposition for section number)

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

J THWOPI Two times the value of pi

' nd A=tuordinate for drawing the line reerresented
J by T@

p KP K-coordinate for painting a section

g ¥ ¥Y=coordinate for drawingd the line represented
3 by T@

: YF Y-coordinate for paintingd a section

' Bat initial valuss

CLEAR lood ‘“18-JAN-B84

DIM THALF(15) BUD$(15) JACCTH(15) +PER(IE}
THWOPI=Z#3,141589

=108

DEg="%"

ACCT®(L)Y = "Sales"”
ACCT*#(2) = "Purchasing”
ACCT$(3) = "RA&ED v
ACCT*{d) = "Acoounting®
ACCT$(5) = "Advertising "
ACRTEIRY = "llti1lities N
ACCTE(7) = "GBeourity "
ACCTE(B) = "Exeansiaon"
TILE#(D)=CHRE(&HZ2Z2)+CHR® (LHD)

TILE$(1)=CHR$ (&HFF ) +CHR% (&HQ )
TILE#(2]=CHR*%{8HAB8}+CHRS{&LHEBG }

TILE$(3)=CHR% (&HT3)

TILE$(4)=CHRE {&HFF )
TILE®(S)=CHR$ (AHFQ)+CHRS (EHF@ ) +CHRE(&HF ) +CHR S (&HF )
TILE®#(G6)=CHR%(&H3C)+CHRS (H3C)+CHR%$ (AHFF)
TILE$#(7}=CHR%{(&H3) +CHR$ (&HC } +CHRE{&H3@ ) +CHR®${&HC @ }

¥

' Enter values to be drarhed: standaerdize thems and calculate
“ the percent theyr represent

rl

CLR

CLS

ECREEN 1

PRINT BEB@:+"Enter month "

PRINT B2d@+"Enter amount seent by"
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o5d

8Ed

ava

280

290

142
i91@
18292
1832
140
lgce
leg@
1e78
les@
1a39@
11e@
1119
1128
113@
114@
L1158
L16@
117¢
li8@
1139@
lZe@
121¢
1228
1238
12/a
1250
1262
1270
1282
120¢
1300
1218
1320
133
1340
13582
1368
137@
1380
138¢
14@d
141¢
14z@

Appendix D/ Sample Programs

PRINT BRIZQH+"6"

PRINT B@.""

LINE INPUT "Enter month " §MNE
FOR I=1 TO 8

PRINT BZGS ACCTH(I 1"

PRINT B3Ze."%"

PRINT @Z4@,""

LINE INPUT “s$"S3BUD®(I)

IF INSTRIBUDS(I},",") =¢¢ THEN BUDS{(I)=BUD$(I}+".Q0Q"
IF LENIBUD$(I))<8 THEMW BUD#{I)=" "+BUD%(I):COTD 1@d@
TOUC*=STR® (VAL (TOUD®) +YALIBUDS{I) )

NEXT 1

IF INSTRITBUD$+"+")=@® THEN TEBUD$=TEUDS%+".80"

IF LENI{TBUD$)<S9 THEN TBUD$=" "+TBUD%:GOTO 1400
FOR 1=1 TQ 8
FER(II=VAL{BUDSLL) ) /VALITBUDS ) %1040

NEXT 1

SCREENM @

‘ Draw the circle and caleculate the locatien of the
* the line numbers

CIRCLE{4Z25+120) 'R

FOR I=0 TO 8

T@=TWOPIL/1@@#PERII ) =T

¥@=A25+R«COE(TR)

YO=120-R=*SINI{T@)*.5
T1=THOPL/1O@HPERIL+L)+T@
THALFI{I)={T@A+T1)/2

HY¥COL=(425+R#1 ,1S+COSITHALF{TY Y)Y -1
HYRW=INT({120-R%1, 1S2SIN(THALF(I)))%,5)

IF PER(I)>1 THENMN LINE (42351201 -(X@ YD)
GLOCATE (HXCOL +HYRW) +@

IF 148 and PER(I+1)>1 THEN PRINT #=-3,0+1
MEXT I

* Paint the appropriate sections aof the epie

L

FOR I=2 TO 7
AP=dZ3+R+,3#COSITHALF(T)
YP=120-R*.,5#SIN(THALF(I)}#*.5
1F PFR{T+1){=1 THEN 1380
PAINT (XPYPY»TILES(T) +1
MEXT I

* Print the Kev for the <rarh

L

GLOCATE(@+18) +2

lines and




1438
144@
1459
1460
147
1488
149
1582
1518
1520
1530
154@
1554
1568
1574
1580
1594
1E@@
1E18
1EZ0
1632
1E4@
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PRINT #-3,"Exrenditures fosr"
GLOCATE(@+251) 9

FRINT =#-3MNS%
CLOCATE(@ 480 ) +0

PRINT #-3,"#% DescriFtion Amount"
FOrR I=1 TD B
GLOCATE(@:{4+1)%15) @

PRINT #-3;1I
GLOCATE(L@ »1d+1) %15} 8

FRINT #-3:ACCT%(1)
GLOCATE{(13@ +(1+4)%#15):0
PRINT #-3,0E4BUDS(I)

DE=n W

NEXKT I

CGLOCATE(@:195) :8

PRINT #-3:5TRINCGS(Z2E,"-")
GLOCATECAD ,210) +8

FRIMNT #<3)"Toutal “iTDUD®
FOR I=1 TO 1Q00Q

NEXT I

SCREEN 1

END




1@

20

3@

4@

oa

G

7a

ga

ga

1@
i@
12@¢
138
14¢
15¢
160¢
170
189¢
ig9e
Zae
Zie
el
239
2de
258
6@
27
Zag
9@
00
3ie
320
Jae
34¢
3o
360
37e
Jae
2a@
4o
a1@
42¢
439
44@
45@
aG6@
47e
48@

"THREEDEE/CRA"

ObJect

The obJject of this Prodram

Appendix D/ Sample Programs

is to produce a three

dimensional bar draerh reepresentation of the dross

income far & comPany OWveEr & one vear Feriuvd.
Yariables
4 Vertical alrhanumeric character

r BEMSGS Bottom messade

3 CHAR® Disk tTile i1nPrut f
! GIs Gross income

! T Counter

5 J Counter

! HNE Month

* REC Record number of
. B1% Eindle character
g TILE® Tile Frattern for
L TTINC Total income for
! 4 H-coordinate of b
d ¥iid ¥Y-coordinate of b

"INPULSAOUTPUT
‘for sach month. The Pradram
‘and nine.,

&

‘Set initial values

¥

CLE
DIM Y{12) +A(B) MNSI12)
DEFINT A

UMEG%$=" Millions of dollars "
TMEGS="CG r o s 5 I nc o m e
BMNSG®="M o »n L h"
MM${1)="January"
MM$(2)="February"
HN$(3)="March"

MN$(d)="AFrril"

MN$(5)="Mar"

MN$(B)="Jdune"

MNELT7Yy="Jyly"

MN&(B)="August"
MN§(8)="September"
MMN${1@)="0Octobep"
MM$(11)="Movember"
HH${1lZ}="December"”
TILE$=CHR${&HI99 ) +CHR&( BHEG)

ield

vertical character
of vertical message

rFainting
the vear
ar
ar

reall FAS

Faor

these

1983

values to be betwueen

The Pprodram PromPts vou to enter the sross income: in millions:

one
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49
sée
Sleé
52@
=ge
54
239
350
570
SB@
S8e
soe
gio
BZ@
630
B9
BS@d
GE@
E7@
=1
==l
7ae
Jle
720
720
749
7990
760
770
780
780
Ba@
B1@
BZa
B3g
g4a
852
BED
B7a
BB@
830
ged
g1e¢
22@
93e
ade
850
a6@
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Ke=10

#

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

CLE

PRINT "Enter sross income dn millions (1-9) for "S¥MN$II)
LINE INPUT "$"3GI%

YOI )=2@05-20+0ALIGI%)

TTINC=TTINC+VALIGI%)

NEXT I

CLR

SCREEN @

¢

* Draw the srarh and bars

FOR I1=1 TO 12

CLS

A=A+

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

LINE ={(X+d@:¥(1)-18)

LINE =[(X+Z28:¥(1)=101)

LIME ={Xs¥C(I))

LINE (X+Z0 N(I})=(X+d4D ¥ (T)=1@)
PAINTI{X+Z1 +¥Y(I)+2)+TILE®»!

MEXT 1

GLOCATE(4@4+215) +9

PRINT w-3,"Jan Feb Mar ger Mavy June Julry Awg Sept
GLOCATE{Z9@+Z23@) +0

PRINT #-3,BMSG%

FOR I=1 TO 1@

IF 1>»3 THEN C=1 ELEBE C=2
CLOCATE((C*1@)=-54(Z20-I%2)*1Q) ,@
PRINT #-3,5TRE(1}3"="

MEXT I

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

LINE -(B39.,223)
GLOCATE(@+18@) 3

PRINT #-3:UMECS
GLOCATE(Z2Z22.:2) +0

PRINT #-3,TMS5CH%
GLOCATE(Z2E@ 10 ) +@

PRINT #-3,"{Total income is"3TTINC:" millign}"
FOR I=L TO i1o@ed

MEXT I

SCKEEN 1

EMD

Oct

MNau

Dec"
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Printing Graphics Displays

There we many ways to use the stand-alone utilities {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:

i.

When TRSDOS Ready appears, set FORMS to allow 255 characters per line and 60 lines per page. (See your
Moaodel 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.
3 Write, rmn and save your program as a BASICG program file,
4, Save the graphics memory to diskette using GSAVE.
5. Load the file into memory using GLOAD.
6. Enter the print command GPRINT.
Example
1. Set FORMS with your printer’s printing parameters,
2. Load BASICG and type in this program:
S SCREEN @
L& DEFDBL ¥
2@ CLR
@ LINF (2.+120)-(B4P.120)
4@ LINE (32@.,0)-(320.240)
S@ FOR X=2@ TD G4g
60 PI=3.1412589
Ta Ki=K/C4Q0+2#PI-PI
89 Y=CIN{H1)+108
8¢ IF ¥>100 THEN X=X+7
108 PSET (X.-¥Y+120)
110 NEXT X
12¢ GLOCATE(@ @) 0
139 PRINT =3 "THIS IS8 A SINE WAYVE."
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.

. Exit BASIC by typing: ESYSTEM
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7. Type: CCLE (ENTER
The graphics memory is now cleared,
B. To load the file back into memory, type:

CLOAD SINE (ENTER
The display is now on the Graphics Screen.

9, To print, type: GPRINT (ENTER).

FORTRAN Sample Programs

gg1gg cC HIGH RESOLUTION GRAPHICS TEST - MAIN PROCRAM
gz C

ggipgg CALL GRPINI(E)
gaaga CALL SCREEN({)
ggsg@  C

dgepE C CTRCTL.E TEST
ga7dg  C

ppegp CALL CTEST
gaopgg C

glLppgg C LINE TEST

gllpg cC

glLzepg CALL LTEST
grigg cC

gLrLagp cC I.TNER TEST
glsgg  C

plegg CALL LBTST
gL7g8 C

glegg c LINEBF TEST
glspg C

gzpg@ CALL LBFTST
gz21gg C

gazgg c BAINTT TEST
ga3gg cC

gzagg CALL PTTTST
gzsgg c

g2ep@ C GET AMD PUT TEST
g27g@ C

g2epg@ CALL GPTST
gzo9gg cC

gaggg ¢ PEET/DOINT TEST
gaigg ¢

gizgg CALL PPTST
EEL] C

gid4pgg ¢ PRESET/POINT TEST
gasgg C

gicgg CALL PRETST
g37gg  C
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@g38gg C SCREEN TEST
g39p9 (o

gagag CALL SCRTST
#4199 C

ga209 C VIEW/FVIEW TEST
g4300 C ,

gadgg CALL VTEST
gasgg CALL CLS(2)

gaegg END
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gglgg SUBROUTINE CTEST

ggzpg

ggigg E THIS SUBROUTINE TESTS CIRCLE, SETXY, AND PAINT
ggspg LOGICAL MSG(29)

fdgegpg CALL CLS

gag7pg ENCODE(MSG,1¢@)

ggagp 19@ FORMAT( 'TEST CIRCLE, SETXY, AND PAINT')
ggapgp CALL SETXY(§,8)

glggg CALL LOCATE(@)

gligp CALL GPRINT(29,M5G)

gLzpp CALL WAIT

gL3gp CALL VIEW(@,38,639,239,8,8)
@144 DO 14 I=1,194d

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

glegpg I¥=MOD(I*13,218)

g17ag IR=I*1.5

glregy START=MOD(I1,13)-6.8

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

g2ppg IF (START.LT.END) GOTO 1
g21gd T=START

@220 START=EMD

g23pg END=T

g24pp 1 CONTINUE

gzs@@ RATLO=MOD{I*3,108)

g2egg IF (RATIO.GT.@) RATIO=RATIO/4@.
g278@ CALL SETKY(IX.IY)

g2egg@ CALL CIRCLE(IR,1,START,END,RATIO)
g29pg 1¢ CONTINUE

gaggg c

pilgg c RANDOMLY FILL IN THE AREAS
gizgg  cC

gaigg Do 11 I=1,54@

giapgp IX=MOD(I*23,648)

gisga IY=MOD(I*11,214)

gicgp CALL SETXY(IX,IY)

gizapg CALL PAINT(1,1)

giggg 11 CONTINUE

disgg CALL WAIT

gapgap CALL VIEW(@,9,639,239,-1,-1)
ga1pg RETURN

gazpg END
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ga1gg SUBROUTINE LTEST

ggzpg  C

ggigg cC THIS ROUTIME EXERCISES LINE
pg4gp  C

ggsgg LOGICAL MSG(19)

ggepp CALL CLS (@)

gaTag ENCODE(MSG, 188)

gesgg 188 FORMAT( 'LINE AND PAINT TEST')
gaapgg CALL SETXY(@,8)

glgag CALL LOCATE(@)

gligg CALL GPRINT(19,MSG)

glL2a@ CALL WAIT

gligg J=1¢¢g

glagg DO 1¢ I=1,639,2

glspg CALL SETXY{I,15)

glepgg CALL SETXY(I,239)

glL7pg CALL LINE(1,J}

glagg J=J-1

glagg 1¢ CONTINUE

gzaag CALL WAIT

g21¢g CALL VIEW(®,15,639,239,8,8)
gazgp CALL CLS

gz23gg  C

gz4pd cC DRAW WHITE LINES AND FILL IN RANDOMLY
g2s5p@ C

pzepg IX=MOD(I*18,639)

dz27ad I¥Y=MOD(I*17.,223)

g2epg CALL SETXY(IX,IY)

g29pg DO 11 I=1,1¢@¢

gigpg IN-MOD(I*23,610)

@31pd I¥=MOD(I*29,223)

g3zg@ CALL SETXY(IX,IY)

gaigg CALL LINE{(l,-1)

Fi400 11 CONTINUE

@3sdg DO 12 I=1,58

Agiep@ IX=MOD(I*31,639)

g3i7pg IY=MOD(I*37,223)

giagg CALL EETHY (IX,IY)

gigpg CALL PFAINT(1,1)

gaggg 12 CONTINUE

g41pg CALL WAIT

g4a298 ¢

pnqng C WHITE OUT SCREEN, DRAW BLACK LINES., PAINT BLACK RANDOMLY
ga49 C

gaspg CALL VIEW(@,15,639,239,1,1)
gacgg DO 15 I=1,1@8§

da7a4@ IX=MOD(I*11,639)

dasgg I¥=MOD{I*13,223)

g49p@ CALL SETXY (IX,1Y¥)

gsggg CALL LIKE(@,-1)

gsigg 1s CONTINUE

gs2¢d DO 16 I=1,58

gs3gp IX=MOD{I*17,639)
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gsapg I¥Y=MOD(I*19,223)

gssag CALL SETXY(IX,IY)

pse@p CALL BAINT(@,.H#)

B57@8 16 CONTINUE

pgsegg CALL WAIT

gsogg CALL VIEW(@,p,639,239,48.8)
fgedag RETURN

gelgg END
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ggLgg SUBROUTINE LBFTST
ggzgg  cC

gaigg  c LINEBF TEST

ggapp C

gosgg LOGICAL MSG(11)

gdegg CALL CLS

gg7ag ENCODE(MSG, 188)

goap@ 1g@ FORMAT('LINEBF TEST')
ggagg CALL SETXY(#,8)

prggg CALL LOCATE(@)

glLigg CALL GPRINT(11,MSG)
gl2eg CALL WAIT

#1igg I[XP=639

g1apgg ICLR=1

a1sgg DO 1§ IX=@,12§¢

glegg CALL SETXY (IX*2,IX+3f)
gL7gg CALL SETXY(LXP,LXF-4§§)
pglegg CALL LINEBF(ICLR)
glogg IXP=1XP-3

gzagg ICLR=ICLA~]

g2l1gg IF (ICLR.LT.@) ICLR=1
ga2pp g CONTINUE

g23gg CALL WAIT

p24gg RETURN

gzseg END
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ggLgg
gozgp
g
ge4gp
ggsgg
gdepgp
gg7a@
ggegg
R
glpgg
g11a0
#1298
#11gp
glapgg
Alsgd
gregg
HL7g@
glegg
gledg
pgapd
g21pp9
gaaga
g23gg@
g24pp
g2spd
d2epd
gz278@
g28p@
g2o@0
gigpg
gilpgp
F3zop
@33g0
ETTI ]
LEEY [
Ficpp
Bargp
gispg
LERT T
gapggg
aalgp
ga2ap
Haipa
gda4p@
dgaspg
Aacgp
ga7eg
gasgg
ga9g@
gsdpd
gs1gd
gs2g@
#5389

naon

N 0O 0o O 0 a ]

L g
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SUBROUTINE FTTTST
PAINT WITH TILES TEST

LOGICAL A(65),B(4),I5(16) ,MSG(23}

DATA A(1l)/8/

X

DATA A(2),A(3),A(4),A(5) /X 41", X"22" ,X'14" ,X'@g8"/
DATA A(B);ALT) AIB),AL9)/K"18" X"22"',X"4]"' , X"'§Bg@"/
FINE HORIZONTAL LINES

DATA A(18),A(11),A(12)/2,X"FF' X'@@8"'/

MEDIUM HORIZONTAL LINES

DATA A(13)/4/

DATA A(14),A(15),A(16) AC1L7)} /X "FP' X'\FF' X "g@" X'gd/
DIAGONAL LINES

DATA A(18)/4/

DATA A(19),A(28) A(21) A(22) /X "B3" X"@C', X'3@9" . X'C@d"/
LEFT TO RIGHT DIAGOMALS

DATA R(23)/4/

DATA A(24),A(25),A(26) A(27)/X'CH" ,X'3g"', X'@gC", X'@g3"/
FINE VERTICAL LINES

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

MEDIUM VERTICAL LINES

DATA A(3@),A(31)/1,Xx'cCv/

COARSE VERTICAL LINES

DATA A(32),A(33)/L,X'FR"/

ONE PIXEL DOTS

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

TWO PIXEL DOTS

DATA A(3T),A(3IB),A(39)/2,X"99" , 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"FP' ,X'DB" ,X'DB"/
FINE CROSS HATCH

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

ALTERNATING PIXELS

DATA AIS57),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),I8(6)/1,1%,13,168,23,28/
DATA IS(7),IZ(8),IS(9),I85(10),I8(11)/38,32,34,37,48/
DATA IS(12),I5(13),I5(14),I5{(15),I5(16)/44,46,50,54,57/
CALL CLS

ENCODE(MSG,108)

PORMAT( 'PAINTT AND SETXYR TESTS')

CALL SETXY(@,@)

CALL LOCATE({)

CALL GPRINT(23,M5G)
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gs5499
gs5s59d
gsegg
95789
gs8gg
g5999
geggg
gelgg
g6299
g63890
deagg
ges509
ge6gg
267890
gesgg
ge9gg
grggg
g7199
872090
g7389
#7489
g15949
g76090
87789
g7890
g799g
gsgag
gs1gg
g82gg
g83gg
gsagg
g8sgg

[eNeXe!

oXoNe N

11
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CALL WAIT
PAINT ON A BLACK BACKGROUND

DO 19 I=1,16

CALL SETXY(#,48)

CALL SETXYR(639,199)

CALL LINEB(1l,-1)

CALL SETXYR(-3¢@,-1d0)
ITMP=IS(I)

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

CALL VIEW(@,49,639,239,4,8)
CALL VIEW(#,$,639,239,-1,-1)
CONTINUE

PAINT ON A WHITE BACKGROUND

DO 11 I=1,16

IF(I.EQ.12) GOTO 11

CALL VIEW(@,44,639,239,4,8)
CALL VIEW(§,8,639,239,-1,-1)
CALL SETXY(#,48)

CALL SETXYR(639,199)

CALL LINEBF(1)

CALL SETXYR(-308,-189)
ITMP=IS(I)

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

CONTINUE

RETURN

END
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goleg SUBROUTINE GPTST

gg2pg C

go3gd C GET AND PUT TEST

ggagg C

gasgg LOGICAL A(19¢@),MSG(16)
gagegg CALL CLS

gg7dp ENCODE(MSG,1¢8)

posgg 199 FORMAT('GET AND PUT TEST')
gagopgg CALL SETXY(d,8)

g1opg CALL LOCATE(g)

glipg CALL GPRINT(16,MSG)

#1209 CALL VIEW(@,30,639,239,4,48)
g13g9 CALL SETXY(1g¢,109)

glagp CALL SETXYR(3#,34)

g1s589 CALL LINEBF(1l)

glepp CALL GET(A,1904)

#1709 CALL CLS

g18gg CALL WAIT

#1999 CALL SETXY(19d,190)

gappp CALL PUT(A,1l)

#2199 CALL WAIT

#2200 CALL VIEW(#,#,639,239,4,-1)
#2309 RETURN

g24pg END
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paLpp SUBROUTINE DPRTET

gp2ap C

gpigg  cC PSET BAND POINT TEST
pgapg C

dasga LOGICAL POINT,MSG(21)
AdeEd CALL CLS

gaTge ENCODE (MSG, 148}

gasgg  1g@ FORMAT( 'PSET BRND POINT TEST')
gaogg CALL SETXY(§,8)

glaggg CALL LOCATE({)

glipgp CALL GPRINT(19,MSG)
gl2gp CALL WAIT

Blagg CALL CLS

dl4gg ¢

glsgg SET AND CHECK ALL PIXELS
dlepgd C

@178 DO 1§ I=g,639

glagg DO 11 J=4,239

glopgg CALL SETXY(I,J)

gapgeg CALL PSET(1)

g2le@ E=POINT{L)

g22a@ IF(K.EQ.f) GOTO 9949
g23gg 11 CONTINUE

g24pg 1§ CONTINUE

g25@8 C

@268 C RESET AND CHECKE ALL PIXELS
galegg  cC

gzagg Do 12 I=f4,639

gz2o9g DO 13 J=g,239

diggg CALL SETXY(I,J)

g3lgg CALL PSET(d)

ga2gp KE=POINT(L)

@izgp IF (K.EQ.l) GOTO 999
@i4gg 13 CONTINUE

gisgp 12 CONTINUE

gicgp CALL CLS

g379@ ENCODE(MSG, 181)

giggg  1g1 FORMAT( 'PSET AND POIMT PASSED')
giogg CALL SETXY(#,@)

dagpp CALL LOCATE(@)

galgw CALL GPRINT(21,MSG)
gazgp GOTO 1@pg

g43py 949 CALL CLS

@44p¢ ENCODE(MSG,182)

g45a8 142 FORMAT( 'PSET AND POINT FAILED')
glepy CALL SETXY(d,d)

ga7ee CALL LOCATE{@)

p48py CALL GPRINT(21,MS8G)
gaogg 1@gd CALL WAIT

gsgpg RETURN

@51 END
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gglgg
gazpa
geipge
pRE4apg
ggsdg
ggegp
geTgp
gasgg
gaogp
Alaga
glige
@12dd
glagg
glLapg
glsgp
glegp
glrdgpg
gLegg
glogg
gzepd
g21¢9
@22
g230@
g24p0
gzsgp
A2epp
#2788
g2agg
g2ogp
gagag
ERNT]
giz2p¢
g3i3gg
@34
@isdg
g360g
girgg
giapg
fgiogg
gadag
galgg@
@420
gaigg
F4400
#4509
Adepa
g47d@
g48gg@
LERT- ]
asgag
g5108@

ann

1@8

leleEe]

11
19

13
12

1p

999

g2

laggg
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SUBROUTINE PRETST
PRESET AND POINT TEST

LOGICAL POINT,MSG(23)

CALL CLS

ENCODE(MSG, 19¢)

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

CALL LOCATE(@)

CALL GPRINT(23,MSG)

CALL WAIT

CALL CLS

SET AND CHECK ALL PIXELS

DO 1F I=§,639

DO 1l J=@,239

CALL SETXY(I.J)
CALL PRESETI(1)
KE=POINTI(L)
IF(K.EQ.8) COTO 999
CONTINUE

CONTINUE

RESET AMD CHECK ALL PIXELS

DO 12 I=d,639

DO 13 J=¢,239

CALL SETXY(I,J)

CALL PRESETI(@)
E=POINTI(L)

IF (K.EQ.l) GOTQ 999
CONTINUE

CONTINUE

CALL CLS
ENCODE(MSG, 1§81}
FORMAT( ' PRESET AND DOINT DASSED')
CALL SETXY(#,.d)

CALL LOCATE(@)

CALL GPRINT(Z23,MS5G)
GOTO ldgg

CALL CLS
ENCODE(MSG, 182}
FORMAT ( '"PRESET AND POINT FAILED')
CALL SETXY(@,B)

CALL LOCATE(@)

CALL GPRINTI(23,MSG)
CALL WALT

RETURN

END
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gg1@p
ga2gg
g@a3gg
gg4gp
pEs@g@
ggcgg
ga788
ggegg
ggagg
g1ggg
gl1dg
Blzap
gligg
glagp
glse@
dlegpg
AL7ad
glegg
Bloge
g2gg@
g21pp
g220@
g230@
p24gg@
g25dn
g2ep@
#2788
@2agd
g29ga
gigop
#31pg
#izgg
#3380
B3490
Bisgg
gicag
pi7gg
pisgg
giogg
gagpg

aon
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SUBROUTINE SCRTST

SCREEN TEST

LOGICAL MSG(1ll)

CALL

CLS

ENCODE(MSG, 18@)
FORMAT ( ' SCREEN TEST')

CALL
CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL

SETXY (@, @)

LOCATE( @)

GPRINT(11 ,MSG)

WAIT

SETXY (3g@,128)
CIRCLE(1@#@,1,0.4,6.28,08.5)
CIHCLEELHHFIJE !Hlﬁl zﬂrﬂ--zﬁ}
CIRCLE(5#,1,0.8,6.28,8.5)
PAINT(1,1)

GRAPHICS SCREEN

CALL
CALL
CALL
CALL

TEXT

CALL
CALL

CALL
CALL

SCREEN(@)
WAIT

WAIT
WAIT

SCREEN

SCREEN(1)
WAIT
WAIT
WAIT

GRAFHICS SCEREEN

CALL
CALL
CALL
CALL

SCREEN{( )
WAIT
WAIT
WAIT

RETURN

END
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g@rgg SUBRQUTINE VTEST

gg2gp  c

ggagg  cC VIEW AMD FVIEW TEST

gE4gg cC

gasgg INTEGER FVIEW

ddepg LOGICAL MSGI(L9)

R CALL CLS

geagg ENCODE(MSG, 1848

daaga 1dd FORMAT({ 'VIEW AND FVIEW TEST')
dlegga CRLL SETXY(#,8)

gligg CALL LOCATE(@)

glLagg CALL GPRINT(19,MSG)

Bligy CALL WAIT

#1494 c

plsgg C DRAW VIEWPORT AMD CIRCLES
glegg C

g17gg CALL VIEW({,48,639,239,8,1)
glagy CALL DCIRCL(Y)

glegg C

pzgpgg C DRAW VIEWFORT AND LINES
g2lgg cC

gzzug CALL VIEW(2¢,50,619,229,1,§)
g23gg CALL DLINE(g)

g2488 cC

g2sg@  C DEAW VIEWPORT AND CIRCLES
g2e8p C

garag CALL VIEW{48,60,599,20%,8,8)
gaeag CALL DCIRCLI1)

g29g@ C

giggy  C DHAW V1EWPURT AND LINES
gilpgp c

gizam CALL VIEW(6#,7¢,579,199,1,1)
EET L CALL DLINE(g)

gidgg C

gisgg c CLEAR SCREEN

gicgg C

gaTasd IN1=FVIEW(@)

dIBge I¥1=FVIEW(1)

giagy IX2=FVIEW(2)

g40ga I¥Y2=FVIEW(3)

gd1ag CALL VIEW(6@-IX1, 79-IY1l,6@+IX2,408+1¥2,8,1)
g42gp CALL CLS

gadigey RETURN

gadpg END
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LY
LELY)]
B47EH
gaagg
B4s@E
LEYd
g518¢
#5288

P53A8
Asapgg
gaspd
Esegg
gsT7Ep
ASagg
LR ]
Aepgg
PelLEd
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SOBROUTINE DCIRCL({ICLR}

CALL SETEY{148,1dd3

0O 1f I=5,388.5

CALL CIRCLE{(I,ICLE,8.8,.6.28,8.5)
CONTINUE

CALL WAIT

BETUEN

END

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

CALL SETXY{-14,-1¢)
CALL SETXY (I+28%,1)
CALL LINE({ICLR,-1)
CONTINUE

CALL WAIT

RETURN

END

117




Model 4 Computer Graphics

ggLEp SUBROUTINE WAIT
s ¢
g C THIS SUBROUTINE INTRODUCES A
o TRODUCES A TIME DELAY
ggsgn DO 11 J=1,2§¢
veedg DO 1@ I=1,1gpgg
ga7eg 1¢ CONTINUE
goegg 11 CONTINUE
gEopg RETURN

glpap END
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DEC. HEX . BINARY DEC. HEX . BINARY
2 oD gpooeooe 4@ 28 eolol1e0@
1 @1 AOMADAR a1 29 a1t eal
2 02 dodadale 4z Zh edleio1@
| 03 eadadnil 43 Z gelP1all
4 24 ofoea12e 44 ZC edla1199
5 @5 dedpalal 45 2D ed181121
& @6 0000110 48 2E 0101110
? a7 dedeR111 a7 ZE. gei1d1111
B @8 doRal e 48 38 dell1oeed
| 28 odddlod1 49 21 gelioeadl

1@ 2A ddeQinie Se 32 d@1i@e1e
i1 ao efPPlDlL gl 33 fR119@11
12 @cC efed1129 o2 34 galiaioe
13 a0 cfgd11@1 53 a3 gdliaiai
14 ¢E deed111ed 24 36 110119
15 aF dddd1111 o 37 ef11e111
16 18 fedlpeuy 38 4B AA1112@
17 11 cealo0@1 57 29 ¢a1110@1
. 1B 12 fdald@1e 58 3A d@111@1@
19 13 peola01l =9 38 fe111011
ZP 14 eda1d190 BB 3C d@1111¢0
b | 13 eqe10121 61 ls) de1111@1
2z 16 fdelelio 2 ZE R111110
z 17 efP1Q111 63 aF fe111111
24 18 cPR11000 =1 a9 dledoone
i) 19 g@a1ia@l BS a1 100001
26 i8 GPd11010 8B a4z dloveoio
£ 18 f9211811 B7 a3 di1g0@011
ZH 1C ftedli1100 68 a4 plevplod
28 10 eed11101 £12] a3 dleee1e1
3 1E dP31111@ 7o 46 A1AaA11d
31 1F ged11111 T 47 a1eed111
32 20 el oae T2 48 digdiden
33 21 feiodoRl i) dg eigaioal
34 2 ap1aea1e 74d da d1oalala
a5 22 ed1dedll = 4g dladiall
a6 2 100180 76 4c ¢ledl109
37 g% ddleei1el 77 a0 ¢ledlipl
38 2B ea1ee11@ 78 4E d1edE111 8
29 27 edid@111 79 4aF elg@11tl




HEX 4

BIMARY

-

2dia1Qede
d1a1ded1
dleldole
f1eledll
e1@1¢100@
dipidied
d1oie11@
e1dig111
eigiiean
eielied)
dlpiic1a
1211011
fdi1@111Q0
1911191
d1d1t110
@1911111
gileoped
1199001
dlriedeio
dlieeall
plleeien
ditoe1al
d11d0118@
¢i100111
e1101000
@lrieipel
e1121010
e11@1611
glie11eép
giigiiel
dl1iell11@
@11d1111
d11i1eaon
@1110001
dr1i1e@1@
21110211
111102
gri1eig
1110110
glile1ll

HEX .
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BINARY
1111828
glitiedl
g1ii1o1@
e1111@11
dlii11e@
dl1111@1
priiilie
¢1111111
lavedead
190000061
1200QR1@
18000011
1egd@100
10¢d¢1a1
lggealle
lgaeaitl
lgpeigod
lap@ieal
lap@le1e
1gg1011
lgedliee
1egd11e1
1gad1iie
1801111
l@didpead
idgleedl
1ep10e1Q
igpi0011
18@12100
ledl1eiel
1010110
1@@iei1y
leglioeo
lgglioel
lgalicla
1ge11@11
ig@i11a6
1211181
ieai111@
igo11111
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HE «

BINARY

1ol eoded
1a1peeel
1120210
1¢100011
1dledide
1eipeiel
1aip@110
18100111
igi@iade
10121021
12191010
1181011
1a1¢110@
12101101
ip1@111@
10191111
10110000
1a11eael
16110019
191ied11
igd1i1g1ad
1a1ioi1@l
19118112
igpiiel11
i¢gliledd
1a1i118@1
19111219
19111011
10111122
111110
190111110
1p111111
11p0000Q
11000801
11822012
11008011
11080100
l1egdidl
11o0911@
11Pepwll1l

HEX «

Appendix E/ Base Conversion Chart —

EIMARY

11eei1o00
1ié@1@01
l1égia10
Ligoiell
iige@1l0@
11001101
1100111@
11@d1111
tipiee0Q
11010001
11g10010
11010811
ligleiae
11e1@0181
l1g1@11@
Lidioill
ligiieoe
11p11@01
ligi11e10
i1e11@11
11011100
11211101
11811110
11811111
11100000
111¢aed1
i11@ea1e
11100011
11100100
111@@1@1
111eei1a
111@é111
111019000
111010801
1112101
11121911
111é1100
11101101
11101110
1101111
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Model 4 Computer Graphics

BEC. HEMX « BEINARY

249 Fé 11118000
241 F1 11110081
242 F2 11119a10
243 F3 llllg@ll
244 Fd 1111124
245 F5 111181
246 F& 1111e11@
247 F7 11118111
zZdg FB 11111020
249 Fg9 11111021
Z25@ Fa 1111131 @
251 FB 11111811
29 FC 1111110088
253 FD 111111@1
224 FE 11111118
pogete FF o0 i 5 I I M o
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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 llegal Function
Call errcr.

Example {four rows of empty tiles):

CHR$({EHFFI+CHR$(EHFF ) +CHRE(EH@@ ) 1 CHR S (AH@A) +CHRE (AH2D ) +CHRE (EHA2 )
gives you an Hlegal Function Call error.

L. TR

CHRE(LHAL1) +CHR$ (RH22) +CHRS(BHIA)+CHRE (AHAE ) +CHRE(LH1 D
+CHR$(AHZZ)+CHRS (EHAL ) +CHRS (BHOG )

Hex Decimal
g |2 |s |8 |s | s]ls |1 # "
g |e |2 |2 |8 ] s|1 | 2 5
s o s |2 o] ]2 |» “ %
s |o |e [o |2 | 5|2 |9 08 i
g [ ] 1 g 1| # g 14 20
g 8 1 # g g1 2 22 34
g 1 g 2 g2 g1 e 1 41 65
] g ] [} g g|# B 00 0
2. “Fine'" horizontal lines
CHRE(BHFF ) +CHR®( kH@@ )
Hex  Decimal
AN IE IER FF 255
o [o |5 |2 |0 | o]s |o ] 00 0
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Model 4 Computer Graphics

3. “*Mediuum’ horizontal lines
CHR$ (&HFF)+CHR$ (&HFF ) +CHR®(AHRR ) +CHRS (AHA@ )

Hex
1 1 1 1 1 2 1 FF
] 1 1 ] 1 I ] FF
8 8 [ # # g\ @ [ 00
# g [ # g g | @ # 00
4. Diagonal lines
(Right to left)
CHR${&H@3)+CHR$ { EHAC ) +CHR$ (BH3D ) +CHRE(BHC @)
Hex
[ @ # # p g1 1 03
) ) # 1 1] 8 g 0C
# # 1 1 # gl e g =
1 1 g p # gl e g co
(Left 1o right}
CHR${EHCR)+CHR$ { EH3®) +CHRY {LHRC) +CHRE(BHRI}
Hex
1 1 B [ 8 g | g p co
8 ) 1 L g [ @ ) 30
] ] # # 1 1|8 # 0oc
[ [ @ @ # g ]2 1 03

Decimal
255
255

0

0

Decimal
3
12
48

192

Decimal

192

12
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Appendix F/ Pixel Grid Reference

. UTine’ vertical lines

CHR% {BEHAR)
Hex Decimal
1 |2 |1 | l 1 g |1 |2 i i
“MMedinm'” wertical hnes
CHR® (&RHCC)
) Hex Decimal
1 1 ' [} 1 I S O I g ce 204
“Coarse" vertical lines
CHR% [RHF@)
Hex Decimal
1 Il 1 1 @ | [} I 2 2] FO 240
8. One-pixel dots
CHRE(EHZZ)+CHRS (BEHO@D )
Hex Decimal
g '} 1 a I g I 1 g 22 34
g |o |2 |5 |5 ]| os]e |5 00 o
A al
. Two-pixel dots
CHR${ EHSS)+CHR$ ( EHEE )
Hex Decimal
1 g ) : | 1 gl g 1 ag 153
g 1 1 g g 114 g 66 102
i




Model 4 Computer Graphics

I Pluses "+ ")
CHR$ {&AH3C Y +CHR$ (EH3C) +CHRES ( BHFF 3
Hex
1l 1l 1 1 a ac
1 1 1 1 2] ] ac
1 1 1l 1 1 1 1 1 FF
11. Solid (all pixels ON)
CHR$ (&HFF )
Hex
s |a 1 |1 |1 1 [ 1 |1 EF
12. **Broad'’ cross-hatch
CHR$(&HIZ)Y+CHRS (AHIZ ) +CHR® (EHFF )
Hex
1 g [ 1 g 11 a g2
1 ) g 1 g11 g g2
1 1 1 1 1 1 1 1 FF
13, “Thick'" cross-hatch
CHRE{(EHFFY+CHRE(EHFF Y +CHRE(EHDBE 1+ CUHR% { &HDE )
Hex
1 14 i 1 1 1 ;I. 1 FF
1 1 1 1 1 1 1 1 i
1 1 1 1 gl1 1 oa
1 1 1 1 1 1 DB

Decimal
60
il

255

Decimal

255

Decimal
146
146

255

Decimal
255
255
214

219

126



Appendix F/ Pixel Grid Reference

14, “*Fine"" cross-halch

CHR®{&HBZ)+CHR$ {&HFF)

Hex Decimal

1 2} g 1 g I g | 1 I.ﬁ I a2 146

i bi Fa Fai & ] e s | - -

15. Alternating pixels

CHORt {&HSS ) +CHRS (B HAAD

Hex Decimal

] 1 |!5 1 g 118 1 55 85

'] Il ] 1 g 1 ] AA 170
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Appendix G/ Line Style Reference

Appendix F/ Line Style Reference

| Type Binary Numbers Hex Decimal
Long dash D000 0000 1111 1111 &HOOFF 255
Short dash 1111 0000 1111 0000 LHFOFD -3856
“Short-short" dash 1100 1100 1100 1100 &HCCCC -13108
Solid line 1191 1111 1111 1111 LHEEFF -4
OFF/ON 0101 0101 0101 D101 &H5555 21845
"Wide" dots 0000 1000 0000 1000 &HOBOE 2056
“Medium” dots 1000 1000 1000 1000 &aHesas -30584
“Dot-dash” 1000 1111 1111 1000 &HBFFB -28580
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Index

absolute coordinates 40-42 83 0 pont mapping 85

AND 34, 35, B0, 87 LINE 11, 23-25, &9, 71, B8, 95

arc 13, 18 LINE-CMD 6%, 75

array 1921, 34, 35, 40, 72-74. 80. 89-90 linz styles 25. 24, 129

array limits M1, 73,74 LINEBR 69, 71, TR-77. 95

ATFEY MM 19, 20, 34, 87, 88 LINEB-CMB 6

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

BASIC 5. 11,19, 34-35, 70 LINEBF-CMIY L

BASICG ToU0, 12, 28, 33, 34, 35,69, 97, 103 loading BASICG 11, 12

BASICG command i1, 13 LOCATE 71,95

BASICG error messages #9093 LOGICAL  72-81. 52-84

BASICG functions 12,13 notational conventions C

hinary numhers 4. 129 129 NUIMETIC EXPressions 5. 26

Cancsian system B. 12. 40, 82, 83 numenc values 13

CIRCLE i1, 1319, 71, 72, 87.95 aplions programming B

CLR 11. 87 O 34, 35, BB, 87

CLS 71, B7. 95 PAINT 11.25-30, 40, 69, T1, T%, 48, 05
communicaton drivers 45 PAINT-CMD &9

current coordinatzs 69, 70, 72-73, 82 FAINTT 69, 71, TE-T9, 95

DEBUG 45 PAINTT-CMD 9

DO 7374, 81, 83 pie slice 12

double-precision k2 pixel 7.8, 23-24 26, 27,3034, 35,71, 73, 79, 8O, 84,
ellipse 5, 017-19, 71, 87 BS, 123

FORMS 47, 1 paxel area 19-20, 35, 38, 39, 72-73, §0-%1. B8
FORTRAN 5,45 69710 75, 104, 105 POINT 12, 30, 31, 71. &4, BB, 9%

free memory i, 28,70 PRESET 11,32, 33, 34, 35, 71, 79, BO-81. K7. 82R. 9%
FVIEW 71, &84, 9% previous coordinates &9, 70, 7273 82
GCLS 45, 48, 87 FRINT #-3 11. 33,88

GET 14920, 35,40, 71, T2-73,. 95 prinkers 5

GLOAD 45, 46, 49, BT-8Y PSET L1. 33-35, 38. 71, 80, 87,83, 96
GLOCATE 13, 20, 22, 32, A7-88 PUT 1, 19-20, 34-36, 38, 39, 71, B8], &Y
GPRINT 45,47, 71. 74, 75, 68, 98 real M, 73

GPRT 2 45, 4%, 88 REAL 72

GPRT 3 45, 47-4% B8 relative rll";g'pn 40, ®I-H3

gruphics board £5, 86 resalution T

GRAPHICS ERROR 70, T3 SCREEN 11,39, 71, 81, 8%, 96
graplacs temony 4547, 48, 49, 103-104 - SCREEN-CMD 12, 81

graphics utilitics 4549 soreen duinp 47

GROFF 43, 45, 58 SETXY 69 70, 71,73, 76, 82, %

GRON 43, 49, g8 SETEYR 69.70, 71, 75-T6, B2, 96
GRPINI 71.75,95 single-precision 12-13, 17-18, 87
GRPUIRREL L ] starlng-up i2

GSAVE 45, 49, nE strings 26-28

hard disk 4 subrouting library 7, 69, 70, 83, 95

ek numbers 23, 214, 28-29. 123, 129 Xl screcn ¥, 1i, 13, 39, BI, &5, 87
imitialization  69-70 video display 8, 85

integer 13-4, 19, 20, 73 VIEW 17, 40-42, 71, B2-K1 28 04
INTEGER 72,73, 74. 76, B2-83 VIEW (command) L, 4042

INMCEET range 4. 15. 23, 24, 75-76; B9 VIEW | Funciwm) 12, 43-44 K], K3, B8

ViCwWpant P 12, 4044, 71, B1-B3. B4, BE
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