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CUSTOMER. 

G. All copyright notices shall be retained on all copies of the Software. 
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-------Model 4 Computer Graphics-------

To Our Customers ... 
The TRS-80® Computer Graphics package revolutionizes your Model 4 by letting you 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 Model 4 must have 64K of RAM (Random Access Memory) and 
one disk drive. Your computer must also be modified by a qualified Radio Shack service technician. 

Included on the Graphics diskette are: 

• TRSOOS Version 6 
• Graphics BASIC (BASICG) 
• Graphics Subroutine Library (GRPLIB) 
• Graphics Utilities 
• Sample Programs in BASICG and FORTRAN 

To print graphic displays, you can use any Radio Shack printer that has graphic capabilities such as Line Printer VII 
(26-1167) , Line Printer VIII (26-1168), DMP-100 (26-1253), DMP-200 (26-1254), DMP-400 (26-1251), or 
DMP-500 (26-1252). 

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

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

• Computer Graphics Overview 
• Graphics BASIC (BASICG) Language Description 
• Graphics Utilities 
• FORTRAN Description 
• Programming the Graphics Board 
• Appendices 

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

• Graphics BASIC (BASICG) 
• Graphics Subroutine Library 

If you're familiar with Model 4 TRSDOS '" and BASIC, you should have little trouble in adapting to Graphics 
BASIC. If you want to review BASIC statements and syntax, see your Model 4 Disk System Owner's Manual. 
Then read Chapters I , 2 and 3, along with Appendixes A, 8. D, and E of this manual. 

If it's Graphics applications in FORTRAN you're after, refer to the TRS-80 FORTRAN manual. Then read Chapters 
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 teaching guide for graphics programming. 

Notational Conventions 
The following conventions are used to show syntax in this manual : 

CAPITALS 

lowercase italics 

jilespec 

punctuation 

delimiters 

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

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

Any word or character contained within a box represents a keyboard key to be 
pressed. 

Ellipses indicate that a field entry may be repeated. 

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

Punctuation other than ellipses must be entered as shown. 

Commands must be separated from their operands by one or more blank spaces. 
Multiple operands, where allowed, may be separated from each other by a 
comma. a comma followed by one or more blanks, or by one or more blanks. 
Blanks and commas may not appear within an operand. 
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-------Computer Graphics Overview-------

1/ Computer Graphics Overview 
Graphics is the presentation of dimensional artwork. With TRS-80 Computer Graphics , the artwork is displayed on a 
two-dimensional plane - your computer screen. Like an artist ' s easel or a teacher's blackboard, the screen is a 
"drawing board" for your displays. 

TRS-80 Computer Graphics has two colors: 

• Black (OFF) 
• White (ON) 

Graphics programming is different from other types of programming because your ultimate result is a pictorial 
display (bar graph, pie chart, etc.) rather than textual display (sum , equation, etc .) . This is an important disti nction . 
After working with graphics for a while, you' ll find yourself thinking " visually" as you write programs. 

In computer-generated graphics, displays can include tables, charts , graphs, illustrations and other types of artwork. 
Once they' re created, you can " paint" displays with a variety of styles and shapes, or even simulate animation. 

The Computer Graphics program uses a " high-resolution" screen. The more addressable points or dots (called 
" pixels" ) on a computer' s screen, the higher the resolution . A lower resolution screen has fewer addressable pixels . 

PIXEL ~ 

Lower resolution Higher resolution 

Figure 1. Resolution 

Since the TRS-80 has high-resolution - 640 pixels on the X-axis (0 to 639) and 240 pixels on the Y-axis (0 to 239) 
- you can draw displays that have excellent darity 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 setting various combinations of the pixels (usually with a single command) either ON or OFF, you can 
generate lines, circles, geometric figures, pictures, etc. 
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------- Model 4 Computer Graphics-------

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

The Text Screen, also referred to as the " Video Display," is the "normal" screen where you type in your 
programs. The Graphics Screen is where graphic results are displayed. Both screens can be cleared independently. 
Note: The Graphics Screen will not automatically be cleared when you return to TRSDOS . It will be cleared when 
you re-enter BASICG. 

The Graphics Screen cannot be displayed 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 a horizontal X- and a vertical Y-axis). However, unlike some coordinate systems, TRS-80 Computer 
Graphics' coordinate numbering starts in the upper-left comer - (0,0) - and increases toward the lower-right 
comer - (639,239). The lower-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 a unique 
position. In TRS-80 Computer Graphics, you can directly reference these coordinates as you draw. 

About Ranges ... 
Some TRS-80 Computer Graphics commands accept values within the Model 4 integer range ( - 32768 to 32767), 
instead of just O to 639 for X and O to 239 for Y. Since most of the points in the integer range are off the screen , 
these points are part of what is called Graphics "imaginary" Cartesian system. 

(0,0) (639,0) 

(0,239) (639,239) 

Figure 2. Graphics Visible Screen 
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-------Computer Graphics Overview-------

y (0, - 32768) 

(- ,- ) (+, - ) 

X X ( - 32768,0) ------- (0,0) ---------- ( + 32767,0) 

(- .+ ) ( +,+ ) 

(0, 32767) 

Figure 3. Graphics "Imaginary" Cartesian System 
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------- Graphics BASIC (BASICG) -------

2/ Graphics BASIC 

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

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

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

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

Table 1 gives a brief description of the BASICG commands; Table 2 lists the BASICG functions. This section of the 
manual will describe each statement and function in detail. 

BASICG Commands 

Command Description 

CIRCLE Draws a circle, arc, semicircle, etc. 

a.A Clllallft,GrtphlclSaNn. 

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

GET ''C;T~--aa...._. • .,.a..,.....__... • ..., • .._ 
PUT. 

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

PAINT Palnll an--. llllrtlng from a apeclfied point. Aleo palnla a apacffled lltyle. 

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

PRINT#-3 MIIN cha'llcln to Ill Onaphlca Screen. 

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

PUT .._. graphla8 Ian 1111 array onlD 11NtGraphlce Sawr. 

SCREEN Selects the Graphics or Te~ Screen. 

VIEW a...-vlawpalt which bacomea the current Oraphlca 8cneri. 

Table 1 

11 



------- Model 4 Computer Graphics-------

BASICG Functions 

Function Description 

&POINT Returns the OFF/ON color value of a pixel. 

Table 2 

Starting-Up 

Before 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 BAS/CG: 

I. Power up your System according to the start-up procedure in your Model 4 Introduction to Your Disk System. 

2. Insert the backup diskette into Drive 0 . 

3. Initialize the System as described in your Model 4 Introduction to Your Disk System. 

4. When TRSDOS Ready appears , type: 

BASICG ~ 

The Graphics BASIC start-up prompts, followed by the READY prompt appear, and yo u are in Graphics BASIC. 
You can now begin BASICG programming. 

Remember that Model 4 numeric values are as follows: 

Numeric Type 

Integer 

Double-Precision 

Model 4 Numeric Values 

Range 

- 32768, 32767 

- 1*1038, - 1*10- 38 

+ 1*1038, + 1 *10- 39 

Up to 17 significant digits 
(Prints 16) 

Storage Requirement 

2 bytes 

8 bytes 

Table 3 

12 

Example 

240, 639, - 10 

1230000.00 
3.1415926535897932 



------- Graphics BASIC (BASICG) -------

With each 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 delimiter, usually a 
comma. When you do not specify an available option (e .g., you use the default value) and you specify subsequent 
options, you must still enter the delimiter or a Syntax Error will result. (See your Model 4 Disk System Owner's 
Manual for more information.) 

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

CIRCLE 
Draws Circle, Semicircle, Ellipse, Arc, Point 

The CIRCLE command lets you draw five types of figures: 

C) 

V 0 • 

Circle Ellipse Arc Pie-Slice Point 

Figure 4. Types of Displays with CIRCLE 

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

3.1415926535897932384626433832795028841 
6.2831853071795864769252867665590057682 

13 



-------Model 4 Computer Graphics-------

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

(x,y) 
Centerpoint 

The (x,y) coordinates in the CIRCLE statement specify the centerpoint of the figure . x and y are numeric expressions 
in the integer number range . 

Example 

r 
Radius 

CIRCLE (x,y),r 

CIRCLE {320, 120),r 

Center 

• 

Figure 5. Center of Circle 

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

The radius is either on the X-axis or Y-axis, depending on the aspect ratio (see ar) . If the aspect ratio is greater than 
I, the radius is measured on the Y-axis. If the aspect ratio is less than or equal to I, the radius is measured on the 
X-axis. 

Example 

10 CIRCLE(320,120l ,100 

This example draws a circle. The radius is JOO and the centerpoint is (320,120). 

C 

Color 

You can get the ON/OFF (white/black) color of a figure's border and radius lines (see chart/end) by specifying a 
numeric value of I or 0. 

If you omit color, BASICG uses I (ON/white). 
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------- Graphics BASIC (BASICG) -------

Figure 6. Border of Circle 

start/end 
Startpoint/Endpoint of Circle 
The range for start and end is Oto 6 .283185 (2 x Pl). 

Border 

If you do not enter start and end, the default va.lues of O and 6.28, respectively , are used . 

A negative start or end value will cause the respective radius to be drawn in addition to the arc (i.e. , it will draw a 
" piece of the pie" ). The actual start and endpoints are determined by taking the absolute value of the specified start 
and endpoints. These values are measured in radians. 

Note: Radius will not be drawn if start or end is - 0 . To draw a radius with start or end as 0, you must use 
-0.000 ... 01. 

12:00 

9:00 rr 2rr 3:00 

1 ½*rr 

6:00 

Figure 7. Clock/Radian Equivalents 
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------- Model 4 Computer Graphics-------

Degrees Radians Clock Equivalent 

0 0 3:00 
90 1.57 12:00 

180 3.14 9.00 
270 4.71 6:00 
360 6.28 3:00 

Table 4. Degree/Radians/Clock Equivalents 

You can draw semicircles and arcs by varying start and end. If start and end are the same , a point (one pixel) will 
be displayed instead of a circle. 

end 

start 

Center 

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

You can have a positive start and a negative end (or vice versa) as well as negative starts and ends. In these cases, 
only one radius line is drawn. 

end 

Center 

Figure 9. CIRCLE's ( +) start, ( - ) end 
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------- Graphics BASIC (BASICG) -------

Hints and Tips about start and end: 

• When using the default values for start and end, you must use commas as delimiters if you wish to add more 
parameters. 

• If you use Pl , it is not a reserved word in BASICG and must be defined in your program. 

ar 
Aspect Ratio 

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

Every ellipse has a " major axis" which is the ellipse' s longer, predominant axis. With an ellipse (as with a circle). 
the two axes are at right angles to each other. 

The mathematical equation for determining the aspect ratio is: 

ar = length of Y-axis!length of X-axis 

• lf the aspect ratio is .S , a c ircle is drawn. 
• lf the ratio is less than .S, an ellipse with a major axis on the X-axis is drawn. 
• If the ratio is greater than .S , an ellipse with a major axis on the Y-axis is drawn. 

V 
y 

X 

X-Axls Ellipse (ar < .5) Y-Axls Ellipse (ar > .5) 

Figure 10. CIRCLE's Ellipse 

The range for aspect ratio is a single-precision floating-point number greater than 0.0 (to I* I 038). Although a 
negative value will be accepted by BAS I CG, the results of using a negative value are unpredictable. 

Hints and Tips about aspect ratio: 

• Entering .S as the ratio produces a circle. 
• Numbers between 0 and .S produce an ellipse with a major axis on X. 
• Numbers over .S generate an ellipse with a major axis on Y. 
• Even though you can enter large aspect ratios , large numbers may produce straight lines. 

17 



-------Model 4 Computer Graphics-------

Examples 

CIRCLE < 320,120 l ,90 ,1 
This example draws a white-bordered circle with the centerpoint of (320, 120) and radius of 90. 

CIRCLE <320,120) ,90,111 ,,7 
This statement draws a white-bordered ellipse with an origin of (320, 120) and radius of 90. The major axis is the 
Y-axis. 

CIRCLE (320,120) ,90 ,1 ,-6,2 , -5 

This statement draws an arc with a vertex ( ' 'origin ' ') of (320, 120) and radius of 90. start is 6.2 and end is 5. Radius 
lines are drawn for start and end. 

CIRCLE ( 3 20,120l ,90tl 11-4 
This example draws an arc with a vertex of (320, 120) and radius of 90. start is O and end is 4 . A radius line is 
drawn for end. 

10 PI=3,1415926 
20 CIRCLE (320, 120l,100,1 ,PI, 2•P I,, S 

A semicircle is drawn. 

10 CIRCLE ( 150 , 100 ),100,1, -5,-1 
20 CIRCLE C220, 100 l,100t1 ,S,1 

Two arcs are drawn with the SJl.me start and end point. The arc with the negative start and end has two radius lines 
drawn to the vertex. The arc with a positive start and end has no radius lines. 

CIRCLE (320,120) ,140, ,-4 ,6, 1 
This statement draws an arc with a vertex at (320, 120) and a radius of 140 . Start is 4 and end is 6 . 1. A radius line 
is drawn for start. 

CIRCLE (320,120) ,140 ,1 ,0 ,1, ,5 
This example draws an arc with a vertex of (320, 120) and radius of 140. 

Sample Program 

4 SCREEN 0 
5 CLR 
10 FOR X =10 TO 200 STEP 10 
20 CIRCLE (300,100) , X ,111, .9 
30 NEXT X 
40 FOR Y= 10 TO 200 STEP 10 
50 CIRCLE C 300,100) , Y , 1 11 , , 1 
60 NEXT Y 
70 FOR Z=10 TO 200 STEP 10 
80 CIRCLE (300,100) ,Z ,111, .5 
90 NEXT Z 
100 GOTO 5 
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------- Graphics BASIC (BASICG) -------

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 circ les in each of the three groups are 
concentric and the radius varies from IO to 200. 

CLR 
Clears the Graphics Screen 

CUI 

CLR clears the Graphics Screen. 

Example 

10 SCREEN 0 
20 CIRCLE<320 t1 20l t100tl 

This program line will draw a circle. Now type: 

CLR ~ 

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 

(xfll) .. cm•1 •bl of w al•..,._. .... o1 al8Clllngular pixel..._ xf la an lnllger 
..,.,,111011 flan o to 838. yr 111111 Nlgs axp:,111an from o to 239. 
~- coordnlll1 af 118 als'caftl9r al a ,.....,plxaf .-. d la 111 lnllglt' e•nallan 

fnlll Oto•. )'2 II an lnlager ..,_IIIDl'I flam O 4D 238. 
_,._.. ...... _.-.. • ._arravMwa.,..the ftlClanlullt' ... 'aconllnla. lffllY 

,,.,,. fflUII be 111)11:.d. 

Important Note: BASICG recognizes two syntaxes of the command GET - the syntax described in this manual and 
the syntax described in the Model 4 Disk System Owner's Manual . BASIC recognizes only the GET syntax 
described in the Model 4 Disk System Owner's Manual. 

GET reads the graphic contents of a rectangular pixel area into a storage array for future use by PUT (see PUT). 

A rectangular pixel area is a group of pixels which are defined by the diagonal line coordinates in the GET 
statement. 

The first two bytes of array name are set 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 status of each pixel , e ither ON or OFF, in the pixel area. The data is stored in a row-by-row format. The data is 
stored 8 pixels per byte and each row starts on a byte boundary. 
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Array Limits 

When the array is created, BASICO 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 (bytes). 

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

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

To determine the minimum array size: 

I . Divide 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 size of the rectangular pixel area is determined by the (x,y) coordinates used in GET: 

Position: upper-left comer = startpoint = (xl ,yl ) 
lower-left corner = endpoint = (x2,y2) 

Size (in pixels): width = x2 - x I + I 
length = y2 - y I + I 

Example 

GET(10t10)-(80,50l ,V 

This block is 71 pixels wide on the X-axis (10 through 80) and 41 long on the Y-axis (10 through 50). 

• For real: 
• For integer: 

71/8 = 9 • 41 = 369 + 4 = 373/4 = 94 
71/8 = 9 • 41 = 369 + 4 = 373/2 = 187 

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

• Real DIM V(93l 

or 

• Integer DIM V'X.(186) 

Examples 

10 DIM V(2ll9l 
20 CIRCLE (65,llSl ,20,1 
30 GET (10t10l-C120,80l ,V 

An array is created, a circle is drawn and stored in the array via the GET statement' s rectangular pixel area's 
parameters (i .e . , (10,10) - (120,80)). 
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Calculate the dimensions of the array this way: 

Rectangular pixel area is 111 x 7 1. That equals: 

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

(10, 10) -------------- (120, 10) 

Rectangular 
Pixel 
Area 

(10,80) 

(65,45) 

• 

Figure 11 

10 DIM V<30,30l 
20 CIRCLE (50 ,50 ) t10 
30 GET (10,10)-(80,80) ,V 

(120,80) 

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

(10,10) 

Rectangular 
Pixel -Area 

50,50 

• 

Figure 12 

10 DIM V'l'.(56£1) 
20 CIRCLE (65 ,£15) ,50 t1 ,1 ,3 
30 GET ( 10d0 ) -(120,80) ,V 'X. 

(80,801 

A one-dimensional integer array is created , an arc is drawn and stored in the array via the GET statement's 
rectangular area's parameters. 
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GLOCATE 
Sets the Graphics Cursor 

IUICA1aOWJ.•u._ 
M ....... locllllan of .. Glaphlca CurlOI' and ... pair of lnlagal' expl'IHIDi'II. 
.. •11111 IP9Cll11 .. dlMcllorl lhld h dwaclll• • be written to the 8raphlca Screa'I and has 

M lrlllglr value of O. 1, 2. or 3. diecfbJ la opllonlll; If omltllld, o II ueed. 

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

The allowable values for direction are: 

Examples 

0 - zero degree angle 
1 - 90 degree angle 
2 - 180 degree angle 
3 - 270 degree angle 

10 GLOCATE (320,120) ,0 

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

100 GLDCATE ( 320 ,10 l ,1 

This program line will cause characters to be displayed starting in the center of the top portion of the screen in a 
vertical orientation, going from the top of the screen to the bottom of the screen . 

200 GLOCATE (630,120) ,2 

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

300 GLOCATE (320,230 l ,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 screen. 
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------- Graphics BASIC (BASICG) -------

LINE 
Draws a Line or Box 

(X1,ylJ epecfflea ._ llllrllng coonln1188 of a lne and Is a pair of Integer mcp11111IOi'II. (X1,y1} Is 
opllOI•; If omlttad, ._ 1111 endq coordinates of llf'f previous command a,e used • the 
atartpolnl. If a oamnllllnd has nat bean pnwtously apaclfled, (O,O) II Ulld. 

(d,1IJ epecfflea 118 anclng COGldnal88 of a llne. (K2,y2) Is a pair of lnllgel' mcpl1HIIOi'l8. 
c apeclllea the color and II a numeric mcp,allion of ellt8 0 or 1. c II aplonal; If omitted, 1 Is Ulld. 
8 or BF speclftee clrawk\g and/or lhadlng (IOlld whlll or aolld black) a box. B draws a box and BF 

- a box wllh lhadlng. BIBF Is opllonal; If omitted, only a line Is drawn. 
_,. II the l8ltlng for 1he pattam of a line and Is a numeric value In the Integer range. style is 

opllonal; If omitted, -1 (sold Hne) Is used. style must be omitted If BF is used. 

LINE draws a line from the starting point (x i .yl) to the ending point (x2 .y2 ). 

If the starting point is omitted , either (0,0) is used if a previous end coordinate has not been specified or the last 
ending point of the previous command is used . If one or both parameters are off the screen . only the part of the line 
which is visible is displayed . 

With over 65,500 line styles possible , each style is s lightly different. You' ll find it' s almost impossible to detect 
some of the differences since they are so minute. 

LINE with Box Option 

The srarr and end coordinates are the diagonal coordinates of the box (either a square or rectangle). When you don' t 
specify the B or BF options, the " diagonal" line is drawn. When you spec ify the 8 option , the perimeter is drawn 
but not the diagonal line . When you specify the BF option. the perimeter is drawn, and the area bounded by the 
perimeter is shaded in the specified color (c) . 

LINEC1ll0,80)-(500,200) ,1,B 

(140,80) 

(500,200) 

Figure 13 

23 



------- Model 4 Computer Graphics-------

style 

style sets the pixel arrangement in I 6-bit groups . 

For example, 0000 1111 0000 1111 (binary) , OFOF (hex), or 3855 (decimal) . 

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

To use hexadecimal numbers for style: 

I. Decide what pixels you want OFF (bit = 0) and ON (bit = I). 

2. Choose the respective hexadec imal numbers (from the Base Conversion Chart , Appendix D). 

Example 

0000 1111 0000 1111 = &H0F0F 

Creates a dashed line . 

Type Binary Numbers 

Long dash 0000 0000 1111 1111 

Short dllh 0000 111100001111 

"Short-short" dash 11 00 11 00 11 00 11 00 

Solld lne 111111111111 1111 

OFF/ON 0101 0101 0101 0101 

"Wlde"dOla 8000 1000 0000 1000 

Medium dots 1000 1000 1000 1000 

Dot-dlll\ 10001111 11111000 

Table 5. Sample Line Styles 

Examples 

LINE - <100 ,ll0l 

Hex Numbers 

&H00FF 

&HOFOF 

&HCCCC 

&HFFFF 

&H5555 

&H0808 

&H8888 

&H8FF8 

This example draws a line in white (ON) starting at the last endpo int used and ending at (100,40). 

LINE (0 , 0) - ( 3 19.1 9 9 ) 
This statement draws a white line starting at (0,0) and ending at (3 I 9 , 199). 

LINE ( 100 t1 00 ) -(200, 2 00) tl , ,as 
This example draws a line fro m ( 100, 100) to (200,200) using line style 45 (&H002D). 
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LINE (100,100)-(300,200) ,1 t1!l.H00FF 
This LINE statement draws a line with "long dashes." Each dash is eight pixels long and there are eight blank 
pixels between each dash. 

LINE (100,100)-(300,200),1,,-1000 
This statement draws a line from (100,100) to (300.200) using line style - 1000. 

LINE (200,200)-(-100,100) 
A line is drawn from the startpoint of (200,200) to ( - 100.100) . 

10 LINE (30,30)-(180,120> 
20 LINE -(120,180> 
30 LINE -(30,30) 

This program draws a triangle. 

10 LINE -(50,50) 
20 LINE -( 120,80) 
30 LINE -(-100,-100 ) 
40 LINE -(3000,1000) 

This program draws four line segments using each endpoint as the startpoint for the next segment. 

PAINT 
Paints Screen 

PAINT(rA...,,....,,..,._..., 
CX.,J apeclllN 118 X·Y caordnltel wtwe painting ii to begin. x la a runartc expre•alan from o to 

838 and Y ii a numeric exp,111101'1 from o to 239. 
-. apaclflea the paint atyte and can be a Siring or a numeric expra11lan. tllng ta apllonal; If 

omltlad, 1 ii 1118d. fling cannot be a null airing (" '') and no more 1han 84 bylll may be 
contained In .... airing . 

...., apeclftN the OFFION color of the border where palntllig la to 8IDp and la a nunwlc 
exp,111lan of llltlllr O (OFF) « 1 (ON). border ii opllonal; If onllllad, 1 la ueed . 

....,.._,..,.... 111 ca1or or III blckgrolnJ 11111 ii being pa1,_. and 1a • 1-byle 11r1ng or 
eltter O (CHRl(&HOO)) or 1 (CHAS(IHFF)). beclcground la opllonll; I omltlad, OfAS(&HOO) ii 
uaed. 

PAINT shades the Graphics Screen with tiling starting at the specified X-Y coordinates, proceeding upward and 

downward. 
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------- Model 4 Computer Graphics-------

x,y 
Paint Startpoint 

x,y is the coordinate where painting is to begin and must: 

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

For example: 

10 CIRCLE(320,120l ,80 
20 PAINTC320 ,120) ,1 ,1 

A circle with a centerpoint of (320, 120) is drawn and painted in white. 

tiling 
Paint Style 

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

tiling is convenient to use in bar graphs, pie charts, etc. , or whenever you want to shade with a defined pattern . 

There are two types of tiling : 

• Numeric expressions 
• Strings 

Numeric Expressions. There are only two numeric expressions that can be used for the paint style - 0 and I . 
paints all pixels ON (solid white) and O paints all pixels OFF (solid black) . 

To use numeric expressions, enter either a O or I. For example: 

PAINT (320,120) d ,1 

Strings (Point-by-Point 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 8-bit byte) . The dimensions of a tile 
pattern are length by width . Tile patterns are repeated as necessary to paint to the specified borders. Because of its 
symmetry, you 'II probably find equilateral pixel grids most convenient. 
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Figure 14. Example of an 8-by-8 Pixel Grid 

Strings allow numerous graphic variations because of the many pixel combinations you can define. 

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

PAINT ( 1 ,1 l ,CHR$(&HFFl+CHR$(&HFFl+CHR$(&H00l+CHR$(&H00l 
+CHR$ C &H00 l +CHR$ C &H00 l , 1 ,CHR$ ( &H00 l 

returns an Illegal Function Call error. 

Using Tiling 

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

Note: Tiling should only be done on either a totally black or white background; otherwise, results are unpredictable. 

To draw an example of a tile on paper: 

I. Take a sheet of paper and draw a grid according to the size you want (8 x 8, 24 x 8, etc.). Each boxed area on 
this grid, hypothetically, represents one pixel on your screen . 

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

3. Fill in each grid in each 8-pixel-wide row of the tile if you want that pixel to be ON, according to 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 I and each OFF pixel as 0. List the binary numbers for eas::h row to 
the side of the grid. For example, you might have 0001 1000 on the first row. 011 I 0011 on the second row, etc. 

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

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

Note: For a listing of commonly used tiling styles, see Appendix E. 
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Example 

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

Binary Hex 

s 
s 
s 
1 

1 

s 
s 
s 

Tile string: 

b 
Border 

0 s 1 1 s s s frJSSl lSf,J/8 

s s 1 1 s s s SSSl 1/8/8/8 

s s 1 1 s s s SSSl lSSS 

1 1 1 1 1 1 1 1111 1111 

1 1 1 1 1 1 1 1111 1111 

s s 1 1 s s s frJSSl 1 f,J f,J f,J 

s s 1 1 s s s f,J /8 f,J 1 1 f,J f,J S 

s s 1 1 s s s SSSl lf,JSS 

Figure 15. 8 x 8 Grid 

A$=CHR$(&H1Bl+CHR$(&H18l+CHR$(&H1Bl+CHR$(&HFFl+CHR$ ( &HFFl 
+CHR$(&H18l+CHR$(&H1Bl+CHR$( &H18l 

18 

18 

18 

FF 

FF 

18 

18 

18 

Border is the OFF/ON color of the border of a graphics design where painting is to stop and is a numeric expression 
of either O or I . If omitted, I (ON) is used and all the pixels on the border are set (solid white). 

background 
Background Area 
Background is a I-byte character which describes the background of the area you are painting. CHR$(&HOO) 
specifies a black background and CHR$(&HFF) is a totally white background. If background is not specified , 
BASICG uses CHR$(&HOO). 

Painting continues until a border is reached or until PAINT does not alter the state of any pixels in a row. However, 
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 row . 

Note: BASICG uses Free Memory for tiling. 
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Examples 

10 CIRCLE (300, 100 ) ,100 
20 PAINT (300,100) ,1 ,1 

Paints the circle in solid white. 

10 CIRCLE C 100,100) ,300 
20 PA I NT C 100 ,100 l ,1 ,1 

Paints the circle. Only the visible portion of the circle is painted on the screen. 

a CLR 
5 A,;1 
6 SCREEN 0 
10 CIRCLE (320,120) ,100 
20 CIRCLE (100,100) ,50 
30 CIRCLE < £100,200 l ,60 
a0 CIR CLE (500 ,70) ,50 
50 PAINT (320,120) ,Ad 
60 PAINT ( 100,100 ) ,A,1 
70 PAINT (400 , 200) ,Ad 
80 PAINT <500,70) ,A,1 

The tiling style is assigned the value I in line 5 (A = I ) for all PAINT statements. Four circles are drawn and painted 
in solid white . 

10 LINE C140,80l-C500,200l,1,B 
20 PAINT <260 ,120) ,CHR$CP.HEEl+CHR$CP.H77l+CHR$ ( 00 ) ,1 

Paints box in specified tiling style using strings. 

10 CIRCLE (300, 100 ) ,100 
20 PA I NT C 300,100) , 11 D 11 ,1 

This example uses a character constant to paint the circle in vertical blank and white stripes. The character ;, D' · 
(0 I 00 0 I 00) sets this vertical pattern: one vertical row of pixels ON , three rows OFF. 

10 CIRCLE (320,120),200 
20 PAINT (320,120)1 11 332211 11 ,1 
30 PA I NT < 100 , 70) , 11 EFEF 11 

, 1 
This example draws and paints a circle, then paints the area surrounding the circle with a different paint style (line 
30). This PAINT statement's (line 30) startpoint must be outside the border of the circle. 

10 PAINT (320 ,120> ,CHR$CP.HFF> ,1 
20 CIRCLE ( 320,120 ) ,100,0 
30 PAINT C320d20l ,CHR$C0 ) +CHR$ CP.HFFl ,0,CHR$CP.HFF > 

Paints the screen white , draws a circle and paints the circle with a pattern . 

10 PAINT (320,120) ,CHR$CP.HFFl , 1 
20 CIRCLE (320,120) ,100,0 
30 PAINT (320 ,1 20) ,CHR$C0 ) +CHR$(&HAAl ,0 ,CHR$CP.HFFl 

Paints the screen white. draws a circle and paints the circle with a pattern. 
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10 CIRCLE<3088O ,100) ,100 
20 A$=CHR$(&H00)+CHR$(&H7E)+CHRS<&H18)+CHR$(&H18)+CHRS<&H18) 

+CHR$(&H18 )+CHR$ (& H18 )+CHR$ (& H00 ) 
30 PAINT<300 ,100) ,A$ ,1 

This draws the circle and paints with the letter T within the parameters of the circle . 

10 A$=CHR$(&H41)+CHRS<&H22l+CHR$(&H14)+CHR$(&H08)+CHR$(&H14) 
+CHR$(&H22) +CHR$(&H41 >+CHR$(&H00> 

20 PAINT (300, 100 ),AS, 1 
This paints Xs over the entire screen. 

1 CLEAR 100 
3 CLR 
5 SCREEN 0 
10 TILE$(0)=CHR$(&H22)+CHR$(&H00) 
20 ~ ILE$(1 )=CHR $(&HFF ) +CHR$(&H00 ) 
30 TILE$(2)=CHR$(&H99)+CHR$ (&H66) 
40 TILE$(3)=CHR$(&H99) 
50 TILE$(4 l =CHR$(&HFF) 
60 TILE$(5)=CHR$(&HF0)+CHR$(&HF0 ) +CHR$(&H0F)+CHR$(&H0F) 
70 TILE$(6)=CHR$(&H3C)+CHR$(&H3C ) +CHR$ (& HFF> 
80 TILE$(7>=CHR$(&H03)+CHR$(&H0C)+CHR$ (& H30)+CHRS <& HC0 ) 
90 A$=TILE$(0)+TILE$(1)+TILE$(2)+TILE$(3l+TILE$(4) 

+TILE$(5)+TILE$(6)+TILE$(7l 
100 PAINT<300,100) ,A$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 

aPCJINT(x.,J. 

Jr apeclllle an X•COOICI: _. and Ill In lnlilgll' expr111lan. 
, apecllN a Y-coo1dl- and .. ., lnlllger IJCPl'llllor"'i. 
_,.. l'8lumed by &POINT are: 

0 (pixel OFF) 
1 (pixel ON) 
-1 (pixel la off the ICfNr'I) 

The &POINT command lets you read the OFF/ON value of a pixel from the screen. 

Values for &POINT that are off the screen (i.e., PRINT &POINT (800,500)) return a - I , signifying the pixel is off 
the screen. 
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Example 

10 PSET(300,100 l ,1 
20 PRINT &POINT(300,100 ) 

Reads and prints the value of the pixel at the point' s coordinates (300, 100) and displays tis value: I . 

PRINT &POINT(3000,1~00) 
Since the pixel is off the screen, a - I is returned. 

PRINT &POINT(-3000,1000 ) 
Since the pixel is off the screen. a - I is returned. 

PSET ( 200 ,100 > ,0 
PRINT &POINT(200,100) 

Reads and prints the value of the pixel at the point's coordinates (200, 100) and displays its value: 0. 

10 PSET<300,100 ) ,1 
20 IF &POINT(300,100) = 1 THEN PRINT "GRAPHICS BASIC ' " 

Sers the point ON. Since the point 's value is I, line 20 is executed and Graphics BASIC is displayed : 

GRAPHICS BASIC! 

5 SCREEN 0 
10 PSET<RNO(640 ) ,RND(2ll 0) > ,1 
20 IF &POINT(320,1 20)= 1 THEN STOP 
30 GOTO 10 

Sets points randomly until (320, 120) is set. 

5 CLR 
10 LINE(50,80 ) -(1 20,100),1,BF 
20 PRINT &POINT<100 , 80) 
30 PRINT &POINT(110,80 > 
40 PRINT &POINT(115 , 90) 
50 PRINT &POINT(50,40> 
60 PRINT &POINT ( 130,120> 

The first three pixels are in the filled box , so the value I (one) is displayed for each of the statements in lines 20, 
30 , and 40. The pixels spec ified in lines 50 and 60 are not in the shaded box and Os are returned . 
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PRESET 
Sets Pixel OFF ( or ON) 

PREIET(ir,JJ,as,flaA 

• .,_... • X~ Ila and II., lnleger expriaulon. 
J apedftN a Y-oorardll • and II• II-- expra•alo.w. 
lllfloll apeclllN a pixel's OFFION code and 11 • lnleger ol .._ O (OFF) or 1 (ON). 

switch la opllanal; If omltlld, 0 (OFF) la used. 

PRESET sets a pixel either OFF (0) or ON (I). depending on switch. If switch is not specified , 0 (OFF) is used. 

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

Note: The only choice for switch is O or 1. If you enter any other number, an Illegal Function Call error will result. 

Examples 

10 PRESET (50 ,50) ,1 

20 PRESET C 50 ,50 > ,0 
Tums ON the pixel located at the specified coordinates (in line I 0) and turns the pixel OFF (in line 20). 

5 SCREEN 0 
10 PRESET < 320 tl 20 > ,1 

20 PRESET (300,100) ,1 
30 PRESET (3ll0,lll0) ,1 
ll0 FOR I=l TD 1000: NE XT 
50 PRESET (320, 120 ) 
60 PRESET (300,100) 
70 PRESET C3ll0,lll0) 
80 FOR I=l TO 1000: NE XT I 

Sets the three specified pixels ON (through the three PRESET statements), pauses. and then turns the three pixels 
OFF. 

PRESET< 3000, 1000 > , 1 

The values for (x,y) are accepted, but since the coordinates are beyond the parameters of the screen. the point is not 
PRESET. 

32 



------- Graphics BASIC (BASICG) -------

PRINT #-3, 
Write Text Characters to the Graphics Screen 

PIINT--a.-111 
,._..,maybe ... 11r1ng __,. (m111agee 9l'ICloNd In quotes), string vartablel, nurwfc 

cansllnla (runblla), Wll'llblll. or exp,111ln.,a lnvolvlng all ol 118 preceding llema. 1he ltaml to 
be prtnlied may •~•• :I bJ commas or llffllcolonL If comma1 n UNd, 119 Qnor 
ILll0nllllcllv ...... to 119 ,_ print zone beb'a p(dlllng the next Item. If llffllcalon1I .,. 
UNd, a 11J11C8 le nal lnlarlad ba(waen 1he llama prtnled an the 1Cf8811. In C8l8I where no 
ambiguity would reut, all 1J1.W1CU111an can be omitted. 

PRINT # - 3 , is used to write text characters to the Graphics Screen. This is the easiest way to display textual data 
on the Graphics Screen. Characters are displayed start ing at the current Graphics Cursor and going in the direction 
specified by the most recently executed GLOCATE command. If a GLOCATE command was not executed prior to 
the PRINT # - 3, command, a direction of O is assumed. 

PRlNT#-3, will only print text characters (see Appendixes of the Model 4 Disk System Owner's Manual) . Each 
character displayed in the O or 2 direction uses an 8 x 8 pixel grid; each character displayed in the I or 3 direction 
uses a 16 x 8 grid . Executing this command will position the Graphics Cursor to the end of the last character that 
was displayed. 

Displaying text in direction O engages a wraparound featu re. If the end of a line is reached. BASICG will continue 
the display on the next line. If the end of the screen is reached , BASICG wi ll continue the display at the beginning 
of the screen without scrolling. If there is not enough room to display at least one character at the current Graphics 
Cursor, an Illegal Function Call error wi ll result . When displaying text in other directions, an attempt to display text 
outside of the currently defined screen will cause an Illegal Function Call error to be given. 

PSET 
Sets Pixel ON (or OFF) 

PSET sets a pixel either OFF (0) or ON ( I). depending on switch. If switch is not specified. I (ON) is used. 

The only choice for switch with PSET is O and 1. If you enter any other number. an Illegal Function Call will occur. 

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

Note: The only distinction between PRESET and PS ET in BASICG is the default value for switch. The default value 
for PRESET is 0 , whi le the value for PSET is I . 
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Examples 

10 A=l 
20 PSET < 50 ,50 ) ,A 

Tums the pixel located at the specified coordinates ON . 

10 PSET <RND(640> ,RND(240) > ,1 
20 GOTO 10 

Pixels are randomly set lo I (ON) over the defined area (the entire screen). 

PSET (-300,-200) ,1 

The values for (x.yJ are accepted. but since it is beyond the parameters of the screen. the pixel is not set. 

10 PSET (320 ,1 20) ,1 

20 A$=1NKE Y$: I F A$= " " THEN 20 
30 PSET(320,120) ,0 

Line 10 sets ("'turns ON") a pixel: line 30 resets ("turns OFF" ) the same dot . 

PUT 
Puts Rectangular Pixel Area from 
Array onto Screen 
PUT_,,,,_,.,.....,.._ 

(d,IIJ .,. coonlnal8a of the upper-left corner of the rectangular pixel area which la to contain a 
graphic dlaplay. 111 la a numeric e>cpNaalon from O to 839 and yl la a numeric exprealon from o 
10 239 . 

.,,., ,... la the name of an array (previously apecifled by GET) that contalnl the data 10 be 
wrlltln Into the nlCtangular' plxat--

.... dltern*• how the dala la wrlll9n Into the nlCtangular pixel area and la one of the followtng: 
PIIT Sell or ... each point In the apeclfled plxal aree to the value In the apecilled 

array. 
PRE8IET 8ell or ... each palrt In the apeclfted plxat.,.. to the lmlwle of the value In 

.. apeclfled array. 
XOR P9lforme a loglcal exc1ua1ve-OR between 1he bill In the apecffled array and the 

plxell In the dNtlnllllon ... and dlaplays the reault. 
OR Perfonnl a logical OR between the bill ii 1he apecffled array and Iha plxela In Iha 

dNtlnllion .,.. and dllpla)a the '8IUlt. 
AND Perfomll a loglcal AHO between Iha bill In Iha apecifled array and the pixels In the 

dellilllllloti arN and di8plays Iha reault. 
acffon la opllonal; If omitted, XOR ts used. 

Important Note: BASICG recognizes two syntaxes of the command PUT - the syntax described in this manual and 
the syntax described in the Model 4 Disk System Owner's Manual . BASIC rerngnizes only the PUT syntax 
described in the Model 4 Disk System Owner's Manual. 
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------- Graphics BASIC (BASICG) -------

The PUT function puts a rectangular pixel area stored in an array, and defi ned by GET , onto the screen. GET and 
PUT work jointly. Together, they allow you to .. get" a rectangular pixel area which conta ins a graphic display, 
store it in an array, then " put" the array back on the screen later. 

Remember that before you G ET or PUT, you have to c reate an array to store the bit contents of the display 
rectangular pixel area. The size of the array must match that of the display rectangular pixel area. 

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

To illustrate: 

5 DIM V( 3 ) 
10 GET <2,3 )-( 7,7) , V 
100 PUT 5 0 ,50) , V ,PSET 

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

(50,50) (5 1,50) (52 ,50) (53 ,50) (54,50) (55 ,50) 
(50 ,51 ) (51 ,5 1) (52,51 ) (53,5 1) (54,5 1) (55,5 1) 
(50,52) (5 1,52) (52 ,52) (53 ,52) (54,52) (55,52) 
(50,53) (5 1,53) (52.53) (53 ,53) (54,53) (55.53) 
(50,54) (51 ,54) (52.54) (53,54) (54.54) (55 ,54) 

The rectangular pixel area ((50,50) - (55.54)) is exactly the same pixel size as (2,3)- (7, 7); only the location is 
different. 

(2,3) 

(2,7) 

-- -- -" GET" -
RECTANGULAR 
PIXEL 
AREA 

- -----

-

-

(7 ,3) ------ - ------- ---- -(7 ,7) -------- -------- - --
Figure 16 

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

---------(50,50) -- -- --
" PUT" 
RECTANGULAR --- - PI XEL -- AREA ------ --

(50,54) 

(55,50) 

(55,54) 

These operators are used in BASICG to test the OFF/ON (or 0/1) conditions of a pixel in the original pixel area and 
the destination pixel area. 
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For example (using PSET), the pixel is set ON only if the bit in the PUT array is set ON . If the bit is OFF, the pixel 
is turned OFF (reset). 

With PRESET, the pixel is set ON only if the bit in the PUT array is set OFF. If the bit is ON, the pixel is turned 
OFF (reset). 

Using OR, the pixel is set O N if the bit in the PUT array is ON or the corresponding pixel in the destination area is 
ON. In all other cases. the pixel is turned OFF (reset) . In other words: 

OR OFF ON 
OFF OFF ON 
ON ON ON 

With AND, the pixel is set O N, if both the bit in the PUT array and the corresponding pixel in the destination area 
are ON. In all other cases, the pixel is turned OFF (reset). In other words: 

AND OFF ON 
OFF OFF OFF 
ON OFF ON 

Using XOR, the pixel is set ON if either the bit in the PUT array or the corresponding pixel in the destination area 
(but not both) is ON . In all other cases, the pixel is turned OFF (reset) . In other words: 

X_Oft OFF ON 
OFF OFF ON 
ON ON OFF 

The following BASICG program will graphically illustrate the differences between the various act ion options . Since 
the program will give you a "hard-copy" printout of the action options , you' ll need to connect your TRS-80 to a 
graphic printer. See "Graphics Utilities" later in this manual for more details on using the Computer Graphics 
package with a printer. 
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10 DATA "OR", "AND", "PRESET " , "PSET", " XOR" 
20 CLR : SCREEN 0 
30 FOR Y= 10 TO 210 STEP 50 
40 FOR X= 0 TO 400 STEP 200 
50 LINE CX+40,Y-5)-C X+100,Y+25l ,1,B 
60 NE XT X 
70 LINE C50, Yl-(90, Y+10 l ,1,BF 
80 FOR X= 200 TO 400 STEP 200 
90 LINE ( ){ +50, Yl -C X+70,Y+ 2 0 ) ,1,BF 

100 NE XT X 
110 NE )<T Y 
120 DIM VC100) 
130 GET (50,10)-(90,30) ,V 
140 FOR N=1 TO 5 
150 R= CN-1 ) *5+1 
160 READ A$ 
165 GLOCATE C 136 ,R*10) ,0 
170 PRINT •-3, A$i 
175 GLOCATE C 360 ,R* 10) ,0 
180 
190 
2 00 
210 
220 
230 
2 40 
250 
2 60 
2 70 

PRINT •-3, II - II • - I 

ON N GOTO 200, 2 10, 220, 
PUT (450,10 ) , V,OR: 
PUT cas0,s0 > , V,AND: 
PUT (450,110), V,PRESET: 
PUT (450 , 160), V,PSET: 
PUT cas0, 2 10>, V , :<• R 
NE XT N 
SYSTEM "GPRINT" 
SCREEN 1 

~ OR [iJ 

~ AND iJ 
~ PRESET iJ 
~ PSET I] 

~ XOR I] 
Figure 17 
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-------Model 4 Computer Graphics-------

Hints and Tips about PUT: 

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

GET<S0,50)-C150,150) ,V 
PUTC200,200) ,V,PSET 

returns an error because the rectangular pixel area cannot be physically moved to the specified rectangular pixel 
area (i.e., (200,200)- (300,300)). 

• If you use PUT with a viewport (see VIEW), all coordinates must be within the parameters of the viewport or 
you'll get an Illegal Function Call error. 

Examples 

PUT with PSET 

10 DIM V'l',(63) 
15 SCREEN 0 
17 CLR 
20 CIRCLE (30,30),10 
30 GET (10,10)-(ll0,ll0),l.J'l'. 
ll0 FDR 1=1 TO 500: NE XT I 
50 CLR 
60 PUT (110,110) ,,n·,, psET 
70 FOR 1=1 TO 500: NEXT I 

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

What specifically happened is: 

I. An array was created (line 10). 

2. A circle was drawn (line 20) . 

3. GET - The circle which was within the source rectangular pixel area, as specified in the GET statement 's 
parameters is stored in the array (line 30). 

4. The screen is cleared (line 50). 

5. PUT - The circle from the array was PUT into the destination rectangular pixel area as specified in the PUT 
statement (line 60) with the PSET option. 
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5 SCREEN 0 
6 CLR 
10 DIM V?.( 700 > 
20 LINE (20,20)-(20 , 80 ) 
3 0 LINE (80, 0) - ( 80,80 ) 
a0 LINE (30,30 ) -(30 , 8 0) 
50 LINE ( 10,5 ) - ( 10,80 ) 
60 GET <0,0 ) - ( 10 0,100) , V?. 
7 0 FOR I= 1 TO 1000 : NE XT I 
8 0 PUT ( 180 ,1 2 0 ) ,V?., PSET 
90 FDR I = 1 TO 1000 : NE>:T I 

Draws four lines. GET stores the lines in the rectangular pixel area. PUT moves the lines to another rectangular 
pixel area. 

SCREEN 
Selects Screen 

SCREEN,,,_ 

• ll)8CIIN which "'Scnel," to uee and 18 a numeric 8lCpl"8l8ion of allher o or 1. 
0 • 8raphlca Screen 
1 • Text Screen 

SCREEN lets you set the proper screen . SCREEN O selects the Graphics Screen; SCREEN I selects the Text Screen. 
Any value other than O or I with SCREEN gives an error. 

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 can remove the graphics display, add to the 
program. and then return to the Graphics Screen. 

Whenever BASICG tries to display a character on the Text Screen (like in an INPUT or PRINT statement), the 
screen is automatically set to the Text Screen. If the program is still running after executing the statement , BASICG 
will revert to the screen that was in effect prior to executing the statement. 

Examples 

10 SCREEN 1 
20 LINE ( 15 0 ,150 ) - (200, 2 0 0) 

The computer executes the short program but the Graphics Screen cannot display the graphics because of the 
SCREEN I command. To display the line, type: SCREEN O CEB!EID 
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10 CLR 
20 SCREEN 1 
30 LINEC10,10l-C255,191l 
ll0 LINEC0,191l-C255,0l 
50 A$=INKE Y$: IF A$ =""THEN 50 
60 SCREEN 0 
70 A$=INKEY$: IF A$="" THEN 70 
80 GOTO 10 

The computer executes the program (draws two intersecting lines) but the screen cannot display the graphics because 
of SCREEN I. By pressing any key, the graphics are displayed because of SCREEN 0 . 

5 CLR 
10 CIRCLE<200,100l ,100 
20 PAINT (200,100) , "llll" ,1 

Now run the program and type: 

SCREEN 0 CE8IlID 
This command turns the Graphics Screen ON. By entering the SCREEN I and SCREEN O commands, you can 
alternately tum the Graphics Screen OFF and ON without losing the executed program display. 

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

II 

VIEW creates a "viewport" which redefines the screen parameters (0-639 for X and 0-239 for Y). This defined area 
then becomes the only place you can draw graphics displays. 

If you enter more than one viewport , you can only draw displays in the last defined viewport . 

Since VIEW redefines the SCREEN: 

• CLR clears the interior of-the viewport only. 
• If you PSET or PRESET points, draw circles, etc. , beyond the parameters of the currently defined viewport , only 

the portions that are in the viewport will be displayed . 
• If you try to read a point beyond the viewport (with POINT). it will return a - I. 
• You can only GET and PUT arrays within the viewport. 
• You can't PAINT outside the viewport. 
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The upper-left comer of the viewport is read as (0,0) (the ··relative origin" ') when creating items inside the viewport. 
All the other coordinates are read relative to this origin. However, the "'absolute coordinates"' of the viewport, as 
they are actually defined on the Graphics Cartesian system, are retained in memory and can be read using VIEW as 
a function. 

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

10 VIEW (100,100) - (200,200) ,0,1 
20 LINE (30 ,15)-(80,60) t1 

(100,100) A.C. 
(0,0) R.C. 

(100,200) A.C. 
(0, 100) R.C. 

(
3
~)R.C. 

R.C. ~ 
(80,60) 

Figure 18 

(200,100) A.C. 
(100,0) R.C. 

(200,200) A.C. 
(100,100) R.C. 

Note: After each of the following examples, you ' ll have 10 redefine the entire screen to VIEW (0,0) - (639,239) 
before performing any other Graphics functions. 

Examples 

VIEW C100t100l-(200,200l ,0,1 
Draws a black viewport (pixels OFF) that is outlined in while (border pixels ON ). 

VIEW (100,100)-(200,200) ,1,1 
Draws a white viewport (pixels ON) that is outlined in white (border pixels ON). 

VIEW (50 ,50)- ( 100,100),1,0 
Draws a white viewport (pixels ON) that is outlined in black (border pixels OFF). 

10 l}!EW ( 10,10)- (600,200),0,1 
20 VIEW (50,50)-(100,100) ,0,1 
30 LINE CRND C500) , RNDC 190 ll -CRND(500 ) ,RNDC190 ll 
40 GOTO 30 

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

10 V IEWC80,80l- (400,200l ,0,1 
20 V IEWC100, 90)-(300,170l ,0,1 
30 V IEW ( 120,100l-(200 ,200 l ,0,1 
40 l.'lEWC50,50l- ( 100,100l ,0,1 

Draws four viewports. All further drawing takes place in the las! viewport specified. 
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10 VIEW<210,80)-Ca20,160) ,0,1 
20 CIRCLEC300,120 ) ,180,1 
30 LINE <15,15 l - ( 60,60 l ,1 
a0 CIRCLE (90,a0) ,50,1 
50 LINE<a0,30l- (500,30 ) ,1 

Draws a viewport. Draws a circle but only a portion is within the parameters of the viewport. This circle's 
centerpoint is relative to the upper left corner of the viewport and not to the absolute coordinates of the graphics 
Cartesian system. A line is drawn which is totall y within the parameters of the viewport. Another circle is drawn 
which is totally within the parameters of the viewport . Another line is drawn which is only partially within the 
parameters of the viewport . 

10 1nEw c 1s0,70l- <a a0,1s0 l ,0,1 
2 0 CIRCLE < 300, 1 a0 l ,1 70, 1 
30 CIRCLE ( 100, 2 30 ) ,a00 ,1 
a0 LINE (10,10) - ( 500,230),1 

Draws a viewport. A circle is drawn but only a portion is within the parameters of the viewport . Another circle is 
drawn and a larger portion is within the parameters of the viewport. A line is drawn but only a segment is within the 
parameters of the viewport . 

&VIEW (function) 
Returns Viewport Coordinates 

liYIEW(pJ 

(pJ apec:lftes a coordlnall on• X· or Y-mda and is an Integer expraa1lon between 0-3. o nllurn8 
the left X-coordnate of your vtewport. 1 retuma the upper Y-coorduate. 2 nuns the right 
X-coordlnate. 3 returns the lower Y-coordlnate. 

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

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

• 0 returns the upper left X-coordinate 
• I returns the upper left Y -coordinate 
• 2 returns the lower right X-coordinate 
• 3 returns the lower right Y-coordinate 

Important Note: When you have defined several viewports, &VIEW only returns the coordinates of the last-defined 
viewport . 
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Examples 

Set up the following viewport: 

l)IE!,,1(100,80)-( 220 ,150) ,0,1 

Now type: PRINT &VIE W<0> wrrrID 
Displays: 100 

Type: PRINT &V IEW Cl) CEmID 
Displays: 80 

Enter: PRINT &VI EW CZ) rumID 
Displays: 220 

Type: PRINT &VI EW C3) (E8I[ID 

Displays: 150 

Set up the following viewports: 

VIE W<100, 80 ) - (220, 150l ,0,1 
l,JIE!,,1(250,170)-(350,220) ,0,1 

Now enter: PRINT &V IEW C0) CEmB) 

Displays: 250 

Type: PRINT &VIEW(l ) cm.mi 
Diplays: 170 

Now type: PRINT &VIEWC2> cmEID 
Displays: 350 

Type: PRINT &VI EW (3) cmEID 
Displays: 220 

(fil£ID 
cnIIlID 
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3/ Graphics Utilities 
There are eight utilities included with the TRS-80 Computer Graphics package which are intended to be used as 
stand-alone programs. However, if you are an experienced programmer, you can use these with BASICG and 
FORTRAN . The source-code for 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 displays from diskette. 
• Print graphic displays on a graphics printer. 
• Turn graphics display OFF or ON . 
• Clear graphics memory. 

To use these utilities from BASICG, use the SYSTEM command followed by the name of the utility in quotation 
marks (e.g ., SYS TEM " GCLS" C£SllID) and control returns to BASIC Ready. From TRSDOS, enter the utility 
directly, without quotation marks (e.g. , G CL S (E}IIlID). 

To call these routines from FORTRAN, see the Subprogram Linkage section of your TRS-80 Model 4 FORTRAN 
Manual (26-2219). 

Utilities 

Command Action 

GPRT3 

GROFF 
GRON 

Table 6 

GCLS 
Clears Graphics Screen 

CICUI 

GCLS clears the Graphics Screen by erasing the contents of graphics memory corresponding to the visible Graphics 
Screen. GCLS erases graphics memory by writing zeroes (OFF) to every bit in memory . GCLS does not clear the 
Text Screen (video memory). 
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Examples 

When TRSDOS Ready is displayed, type: 

GCLS (EHilB) 

or when the BASICG READY prompt is displayed, type: 

SYSTEM"GCLS" CESim) 
or 

100 SYSTEM"GCLS" 

GLOAD 
Loads Graphics Memory from Diskette 

GLOAD ....... ,_, r1•11• •d :fl 

---canllltl !A•,... of up lo_. chMlcllr8; lie lrlll dwlctlr fflUII be a lalll'. 
,_, II an aplal1III,.,.. • lllnlfof.; ext II a.....- of up to tne numbers or letlln. 
41111• •.J II an aplallll Pllll•Dld. /Ml(iWOld la a IWll9 al up lo eight c:haraclers; the flral 

challCllt'lllllltbea ..... 
:d la_, apllarlll drtVe apecllcallan: d II one of lie digits O through 3. 

Note: There cannot be spaces within a file specification . TRSDOS terminates the file specification at the fi rst 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 GSA VE. 

Examples 

When TRSDOS Ready is displayed , type: 

GLOAD PROGRAM/DAT,PASSWDRD:0 (EHilB) 

or when the BASICG READY prompt is displayed. type: 

SYSTEM"GLOAD PROGRAM" (EB!EID 
or 

100 SYSTEM "GLOAD PROGRAM" 

GPRINT 
Lists Graphic Display to Printer 

GPRINT 

GPRINT lets you print graphics memory on a graphics (dot-addressable) printer, such as Radio Shack's DMP-100 
(26-1253) or DMP-200 (26-1254 ). Both of these printers have a 9 1/i'' carriage. However. distortion will occur when 
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Graphic routines are printed with G PRINT. This is because GPRINT is not a true pixel-by-pixel " Screen Dump' " 
since the pixel size and spacing on the screen is different from the pixel size and spacing on the Printer. GPRlNT is 
a point of departure for you to obta in hard-copy represe ntations of graph ics . 

To print graphic displays , GPRINT turns the contents of the Graphic Screen clockwise 90 degrees and then prints . 

However, FORMS must be used to set printing parameters . 

See your Model 4 Disk System Owner's Manual and printer owner's manual for details on sett ing pr inting 
parameters . 

Important Note! Do not press (SB.EAK) while GPRINT is executing. 

Examples 

When TRSDOS Ready is displayed , type: 

GPRINT CE:fillID 

or when the BASICG READY prompt is displayed. type: 

SYSTEM"GPRINT " ~ 
or 

100 SYS TEM"GPRINT" 

For a complete GPRINT sample session, see Appendix D. 

GPRT2 
Print Graphics 

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

GPRT2 is different from GPRI NT in that the image is not rotated 90 degrees and a differe nt aspect ratio is used . 

If GPRT2 does not produce the quality of printout you desire . try GPRT3 or G PRI NT . 

Important Note! Do not press ~ while GPRT2 is executing. 

Examples 

When TRSDOS Ready is displayed, type: 

GPRT2 CE:fillID 

or when the BASICG READY prompt is displayed, type: 

SYSTEM"GPR T2 " CEHilB) 
or 

100 SYSTEM"GPRT2 " 
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GPRT3 
Print Graphics (Double on the Y-Axis) 

GPRT3 is similar to GPRINT but is designed for use with wide-carriage ( 15") printers such as the DMP-400 and 
DMP-500. 

GPRT3 is different from GPRINT in that the image is not rotated 90 degrees and a different aspect ratio is used . 

If GPRT3 does not produce the quality of print -out you desire, try GPRT2 or GPRINT . 

Important Note! Do not press ~ while GPRT3 is executing. 

Examples 

When TRSDOS Ready is displayed , type: 

GPRT3 (EJllEID 

or when the BAISCG READY prompt is displayed , type: 

SYST EM "GPRT3" CESilID 
or 

100 SYSTEM"GPRT3" 

GROFF 
Turns Graphics Display OFF 

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

Examples 

When TRSDOS Ready is displayed, type: 

GROFF CEBilB) 

or when the BASICG READY prompt is displayed . type: 

SYSTEM"GROFF" (EBilID 
or 

100 SYSTEM"GROFF" 
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GRON 
Turns Graphics Display ON 

GRON 

GRON turns the Graphics Screen ON. 

Examples 

When TRSDOS Ready is displayed, type: 

GRON (ffliffi) 

or when the BASICG READY prompt is displayed, type: 

SYS TEM "GRON" (EHilID 
or 

100 SYSTEM"GRON" 

GSAVE 
Saves Graphics Memory to Diskette 

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

With GSA VE, the contents in graphics memory is saved under a specified filename which follows the standard 
TRSDOS format. To load the file back into memory, use GLOAD. 

Examples 

When TRSDOS Ready is displayed , type: 

GSAlJE PROGRAM / DAT, PASSWORD: 0 (E8IlID 

or when the BASICG READY prompt is displayed, type: 

SYSTEM"GSAVE PROGRAM"~ 
or 

100 SYSTEM"GSAVE PROGRAM " 
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Graphic Utilities Source Code Listings 

00001 
00002 
00003 
00004 
0000S 
00 006 
00007 
0 0 008 
00009 
00010 
00011 
00012 
00013 
00014 
0001S 
0 0016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
0002S 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
0 0033 
00034 
0003S 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
000S0 
00051 
000S2 
00053 
00054 
•DOSS 
00056 

GLOAD Sav a graph i cs d i sp l a y to disk 

TRSDOS: 

alFSPEC: 
alOPEN: 
alREAD: 
alCLOSE: 
alERROR: 
alDSPL Y: 

X: 
y , 
DATA: 
STATUS: 

GLOAD: 

FDl V: 

PSECT 2600H 
PR I NT SHORT , NOMAC 

Macros 

MACRO ltl 
LO A, It l 
RST 28H 
ENDM 

TRSDOS SVC Ec:iuates 

EQU 78 
EQU 59 
EQU 67 
EQU 60 
EQU 2'-
EQU 10 

Port Ec:iuat a s 

EQU 80H 
EQU 81H 
EQU 82H 
EQU 83H 

Main Program 

PUSH HL 

LO A, l •H 
OUT ( 236) ,A 
LO BC ,1088H 
LO HL,CRTC+lS 

; Test a t i I espac 
iOpan an e xi st i ng ti l a 
iRead a record 
iC l ose a t il e 
iO i splay an e r ror massage 
iO i splay a massage 

iSa v e po i nter from command Ii na 

iTurn on CRTC ports 
;Load 16 Rags and point to cont r o l po r t 
; Load backwa r d s 

Thi s coda programs the CRTC Ch i p tor 80 x 24 sc r ean 
On ly rac:iu i rad tor Modal Ill Graph i cs Bo a rds 

OUT ( C) , B ;Se l ect Data Register 1n CRTC 
LO A, ( HL ) ;Get th11 data 
OUT ( 137) ,A iStora that i n t he CRTC 
DEC HL iMov a to previous ent ry 
DJNZ FO l V iOacrament counter 

LO HL,FCB ;Point at the FCB 
LO (HL) ,OOH ;Za r o the butte r 
LO DE , HL ; Bui Id destination poi n te r 
lNC DE ;Cop y f i rst b y te to seco nd pos i t i on 
LO BC,32 
LDlR 

POP HL 
LO A,ODH 
CP ( HL) 
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00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 
00111 
DO 112 
00113 
00114 
00115 
00116 

NXTREC: 

NGRPH: 

EGRPH: 

EXIT: 

ERROR: 

JR 
LO 
TRSOOS 
JR 

LO 
LO 
LO 
TRSOOS 
JR 

LO 
OUT 
XOR 
OUl' 
OUT 
LO 
LO 
LO 
PUSH 
LO 
TRSOOS 
POP 
JR 
LO 
LO 
LO 
LO 
OUT 
INC 
INC 
LO 
CP 
J R 
XOR 
LO 
OUT 
LO 
INC 
LO 
OUT 
OJNZ 
LO 
OJNZ 

LO 
TRSOOS 
LO 
OUT 
LO 
LO 
LO 
-CP 
RET 

Error 

LO 
TRSOOS 
J R 

Z,ERROR 
OE,FCB 
iilFSPEC 
NZ,BOMB 

HL,BUFFER 
OE,FCB 
B,O 
iilOPEN 
NZ!BOMB 

A,0B3H 
(STATUS) ,A 
A 
(X) ,A 
( y) 'A 
E,A 
0,80 
B,75 
DE 
OE,FCB 
alREAO 
OE 
NZ,BOMB 
HL,BUFFER 
C,B 
B,• 
A,(HU 
(DATA) , A 
HL 
E 
A,E 
0 
NZ,EGRPH 
A 
E,A 
(X) ,A 
A, ( YPOS) 
A 
(Y POS ) ,A 
( y) 'A 
NGRPH 
B,C 
NXTREC 

OE,FCB 
iilCLOSE 
A,OFCH 
(STATUS) ,A 
A, ( EFLAG) 
L,A 
H, • 
H 

•xits 

HL,PARM 
alOSPLY 
EXIT 

;Mova t i I spac to FCB and do a syntax chec k 

;status E inc X attar writ• 

icount•r tar X valu•s 
;BOX valu•s 
;75 d isk r•cards to~ •ntira scra11n 

;Raad a record trom disk 

; Ga 911t ne x t graph i cs byt• 

;Go r•ad next d i sk record 

iStatus • g r aphics ott, no wa i ts, no incs. 

;R•turn to TRSOOS or BASIC 

;Compla i n 
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0011 7 
00118 BOMB: LO (EFLAG ) ,A 
00119 OR OCDH 
00120 LO C,A 
00121 TRSDOS iilERROR ; Di splay •rro r m•ss.a9• 
00122 J R EXIT 
00123 
00124 PARM: DEFM ' F i l ••P•c r!fqui r •d- ' 
00125 EFLAG: DEFB 0 
00126 YPOS: DEFB 0 
00127 FCB • DEFS 32 
00128 BUFFER : OEFS 256 
00129 
00130 CRTC: OEFB 99,80 , 85,8,25,4,24,0,9,0,0,0,0,0,0 
00131 
00132 END GLOAD 
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----------Graphics Utilities----------

00001 
00002 
00003 
•0004 
•• DOS 
00006 
•0007 
•o•oe 
••• 09 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
•ooze 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
••• so 
00051 
•• 052 
00053 
00054 
oooss 
••• S6 
00057 
••• SB 
••• 59 
00060 

GSAVE Sav• g raphics d i splay to d isk 

TRSDOS : 

cilFSPEC: 
al IN IT I 

cilWRITE : 
cilCLOSE: 
cilERROR: 
alDSPLY: 

x, 
y, 
DATA : 
STATUS: 

GSAVE• 

FOIV: 

PSECT 2600H 
PRINT SHORT,NOMAC 

Mac:roa 

MACRO • 1 
LO A,#1 
RST ZBH 
ENOM 

TRSDOS SVC Equat•i; 

EQU 78 
EQU se 
EQU 75 
EQU 60 
EQU 26 
EQU 10 

Port Equat•• 

EQU 80H 
EQU 81H 
EQU 82H 
EQU 83H 

Main Program 

PUSH HL 

LO A, 10H 
OUT ( 236 ) , A 
LO BC , 1088H 
LO HL ,CRTCtlS 

iMod• I 4 Ov•rlay ar•• 

; T•at a ti I ••P•c: 
;Op•n an •xi at i ng ti I•, or cr•at• • n•w on• 
iWrit• a r•c:ord 
; Cl os• a ti I• 
i Oi aplay an •rror m•aaag• 
;Disp l ay a ~•••ag• 

iSave point•r trom command I i n• 

iTurn o n CRTC ports 
iload 16 R•g• and point to contro l po rt 
iLoad backwards 

Th i a cod• program• th• CRTC Ch i p tor eo x 24 ac:r••n 
On l y r•quir•d tor Mod•I III Graphics Boards 

OUT 
LO 
OUT 
DEC 
OJNZ 

LO 
LO 
LO 
INC 
LO 
LDIR 

POP 
LO 
CP 
JR 
LO 
TRSOOS 
JR 

( C) I B 
A, (HL) 
( 137 ), A 
HL 
FOIV 

HL,FCB 
( HL) ,OOH 
DE,HL 
DE 
BC,32 

HL 
A,ODH 
(HL) 
Z,ERROR 
DE,FCB 
cilFSPEC 
NZ , BOMB 

iS•l•c:t Data R• giat•r in CRTC 
iG•t the data 
iStore that in the CRTC 
;Move to previous •ntry 
iO•c:rement c:ount• r 

;Point at the FCB 
;Zero th• butf•r 
i Bui Id d•at ination point• r 
iCopy tirat byt• to ••cond position 

iMov• ti lap•c: to FCB and do a syntax c:hec: k 
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00061 
00062 
00063 
00064 
00065 
00066 
00067 
0006B 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
0007B 
00079 
••• BO 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
000B9 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
0009B 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
001 •B 
00109 
00110 
00111 
00112 
00113 
00114 
00115 
00116 
00117 
0011B 
00119 
00120 

N)(TREC : 

NGRPH• 

EGRPH• 

EXIT : 

ERROR : 

BOMB• 

LO 
LO 
LO 
TRSOOS 
JR 

LO 
OUT 
XOR 
OUT 
OUT 
LO 
LO 
LO 
LO 
LO 
LO 
IN 
LO 
INC 
INC 
LO 
CP 
JR 
XOR 
LO 
OUT 
LO 
INC 
LO 
OUT 
OJNZ 
PUSH 
LO 
TRSOOS 
POP 
JR 
LO 
OJNZ 

LO 
TRSOOS 
LO 
OUT 
LO 
LO 
LO 
OR 
RET 

Model 4 Computer Graphics -------

HL,BUFFER 
DE,FCB 
B,O 
alINIT 
NZ,BOMB 

A, OE3H 
(STATUS) ,A 
A 
( X) ,A 
( y) 'A 
E,A 
0,80 
B,75 
HL,BUFFER 
C,B 
B,O 
A, (DATA) 
(HU ,A 
HL 
E 
A,E 
0 
NZ,EGRPH 
A 
E,A 
( X) , A 
A, ( YPOS ) 
A 
( YPOS) ,A 
( y) ,A 
NGRPH 
DE 
OE,FCB 
alWRITE 
OE 
NZ,BOMB 
B,C 
NXTREC 

OE,FCB 
cilCLOSE 
A,OFCH 
(STATUS) ,A 
A, ( EFLAG) 
L , A 
H,O 
A 

;count•r tor- X valu•s 
;80 X valu•s 
i75 disk r-•cor-ds tor •ntir• scr-••n 

;256 byt•s p•r- r•cord 
;G•t n•xt gr-aph i cs byt• 
; and put in butt•r-

;Go ti I I butter tor n•xt r-•cord 

;Status• gr-aphics ott, n o wa i ts, no i ncs. 

;T•st Er-r-or- b y t• 
;R•turn to TRSOOS or- BASIC 

Er-ror • x its 

LO 
TRSOOS 
JR 

LO 
OR 
LO 

HL,PARM 
cilOSPLY 
EXIT 

(EFLAG) ,A 
OCOH 
C,A 

;Complain 
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----------Graphics Utilities---------

00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 

PARM: 
EFLAG : 
YPOS: 
FCB• 
BUFFER= 

CRTC: 

TRSDOS 
J R 

DEFM 
DEFB 
DEFB 
DEFS 
DEFS 

DEFB 

END 

aERROR ;Display •rror m••••g• 
EXIT 

' Fi I ••P•c r11qu i r 11d- ' 
D 
D 
32 
256 

99,80,85,8,25,4,24,0,9,0,0,0,0,0,0 

GSAVE 
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------- Model 4 Computer Graphics-------

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 

GRON Turn on graphics display with waits on 

PSECT 
PRINT 

Macros 

2600H 
SHORT,NOMAC 

;Modal 4 Overley ar • a 

TRSDOS: MACRO #1 
LO A,#1 
RST 28H 
ENDM 

Port Equat• 1 

STATUS : EQU 83H 

GRON: 

FDIV: 

CRTC 1 

Ma i n Program 

LD 
OUT 
LD 
LD 

A, 10H 
( 236) ,A 
BC,1088H 
HL,CRTC+15 

;Turn on CRTC ports 
;Load 16 R• 91 and po i nt to control port 
;Load backward5 

Thi1 cod• programs th• CRTC Ch i p for 80 x 24 1cr •• n 
On l y r • quir • d tor Moda l Ill Graph i cs Boards 

OUT 
LD 
OUT 
DEC 
DJNZ 

LD 
OUT 
XOR 
LO 
RET 

OEFB 

( C) , B 
A, (HU 
(137 ) ,A 
HL 
FDIV 

A,OFFH 
(STATUS) ,A 
A 
HL,O 

,S• l • ct Data R• gi1t • r i n CRTC 
;G• t th • data 
;Stora that in th • CRTC 
;Mov• to pr • v i ou1 entr y 
;D• cr • m• nt counte r 

;R• turn to TRSDOS or BASIC 

99,B• ,85,B,25,4,24,0,9,0,0,0 , 0,0,0 

END GRON 
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00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
•• 032 
00033 
00034 
00035 
•0D36 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
•• D44 
00045 
00046 
00047 
O•D48 
00049 
•D050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 
•D059 
00060 

GPRINT -- Pri nt graph i cs 1cr•en to graph i c5 pr i nter 

PSECT 
PRINT 

Macros 

TRSOOS• MACRO 
LO 
RST 
ENOM 

TRSOOS 

iilPRT: EQU 
~PRINT• EQU 
iilFLAGS• EQU 

2600H 
SHORT,NOMAC 

1H 
A, 111 
28H 

SVC Equat•• 

6 
14 
101 

;Pr i nt a character o n t h e pr i nt er 
;Pr i nt a I i na on the pr in t• r 
;Point to system control t lag1 

Port E1:1uata1 

X: 
y, 
DATA• 
STATUS• 

GPRINT• 

FOIV: 

EQU BOH 
EQU 81H 
EQU 82H 
EQU 83H 

Ma i n Program 

LO 
OUT 
LO 
LO 

A, 10H 
( 236) ,A 
BC, 15 
HL,CRTC 

iTurn o n CRTC ports 

Th i s 
Only 

code p ro grams the CRTC Ch i p tor BO x 24 screen 
raqu i rad tor Mod• I I I I Gra ph i cs Boa r ds 

LD 
OUT 
LO 
OUT 
INC 
INC 
LO 
CP 
JR 

LO 
OUT 

CALL 

XOR 
OUT 
LO 
LD 

Set the 

LO 
TRSOOS 
JP 

A,B 
( 136) ,A 
A,( HL) 
(137),A 
HL 
B 
A,B 
C 
NZ,FOIV 

;Program CRTC ch i p tor 80 by 24 

A,OOBH 
( STATUS) ,A 

;Output a Contro l b y t• to cause 
; Y to automat i ca I I y dee . on a reilld 

INITBF 

A 
( X) , A 
< BPOS), A 
( XLOC) , A 

pr i nter 

C, 12H 
iilPRT 
NZ,BOMB 

iZaro pr i nt butter 

;Sat A to D 
;Initialize the X position 

" " bit posit i o n ,, 
" " l ocation count• r 

to start g raphics mode 

;Begin Graphics mode 
;Output Charact•r 
; Pr in ter Not R•ady 
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00061 
00062 
00063 
00064 
00065 
00066 
00067 
00066 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00076 
00079 
00060 
00061 
00062 
000B3 
00064 
000B5 
00066 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00 104 
00105 
001 0 6 
00107 
00108 
00109 
00110 
00111 
00112 
001 13 
001 14 
00115 
00116 
0 0 11 7 
0 0 118 
00119 
00120 

FD I Vl: 

COLUMN: 

DEC J: 

PAST • 

SETO: 

PRNDRS: 

Model 4 Computer Graphics -------

Turn ott international character set t r a ns lation 

TRSDOS 
LO 
LO 
RES 

LO 
LD 
LO 
DEC 
OUT 
LD 
IN 
AND 
CALL 

LO 
PUSH 
LO 
INC 
DEC 
J R 
RLC 
JR 
POP 
OR 
LO 
INC 
DJNZ 

LO 
INC 
CP 
CALL 

LD 
RRC 
LD 
CP 
J R 
LO 
CP 
JP 
INC 
LO 
OUT 
J R 

LO 
RET 

iilFLAGS 
A, ( I Yt6 ) 
( OLD) ,A 
6, ( IY+8) 

I X ,BUFFER 
B,240 
A, B 
A 
( y ) 'A 
HL , MASK 
A,( DATA ) 
( HL) 
PO,SETO 

HL,BPOS 
BC 
B , (HL) 
B 
B 
Z , PAST 
A 
DECJ 
BC 
( I X) 
( I X),A 
I X 
COLUMN 

A,7 
(HL) 
( HL) 
Z,PRNDRS 

HL,MASK 
( HL) 
A , 80H 
(HL) 
NZ,FDI Vl 
A, ( XLOC ) 
79 
Z,BYE 
A 
( XLOC) , A 
( X) , A 
FDIVl 

A , 1 

iGet IFLAGI 
i Save a cop y ct the current settings 
iTurn oft bit 6 ( Int l . Translation ) 

ipo i nt I X at the printe r butter 
i go through a who l e column ct b y tes 
iPut value i n A a n d d e crement 

10 it can b e put out 85 

the Y po s ition 
;Point at character mask 
i input a graphics by te 
ichop oft a l I but prop• r bit 
iit result i s odd parity set bit 0 
; otherwis• b i t A is 0 
i iooi n t HL at the bit posit i on 
isav• r eg i st•r B ( to r DJNZ loop ) 
i get count 
i increment ( in ca•• it i 5 0 ) 
imo v • b i t l•tt BPOS numb•r ct tim•s 
; it done, move on .. . 
i move b i t left one po s i tio n 
i rRPRat I cop 
iget l oop counter back 
i merge A wit h b y te ot print•r butter 
iput merged re5ult in butte r 
; incr•m•nt butt•r po i nter 
i cont i nue loop 

;S•• it BPOS has gott•n to 8. 
It it has ( pri n ter uses 7 b i ts ) 

pr i nt the buttP.r and res•t 
BPOS to 0 

iAtt•r gRtt i ng a v ert i ca l ro w ct bi t 5 
; rotate the ma5 k r ight one pos i tio n 
; Ch ec k to s ee it i t5 back t o 

it ' 5 original v alue, i t not 
i go get another row ct bits 
;It 10, g•t X POI ( to i ncr•111•nt it ) 
i Ch•ck to see it we are at t h e end ... 

iothRrW i 5e increm•nt the X countRr 
; and sto r • it back 
i also updat• the po r t valu• 
inow go get another r ow ct b i t5 

i lR t A to binar y 0000 000 1 
; and rR turn 

Th i s rout i n• •d i ts the pri n t butter to remov e trai I ing b l an k s 
a nd then IRnds the data to the pr i n t •r 

LO 
LO 
LO 
LO 

HL , BUFFER+239 
D, ODH 
B,239 
A,80H 

iSet up th • 
;Pr i nt tRrmin a tor 
;Start t e st i ng 
iTRst again5t not h i ng 
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00121 CLEAN: CP (HL) iAnything there? 
00122 J R NZ,STOP ;Found so111eth i ng to print 
00123 LO (HL) ,D ;Then get r i d ot it 
00124 DEC HL 
00125 DJNZ CLEAN ;Shorten the I i ne il!I muc:h a• possib le 
00126 STOP • LO HL,BUFFER iPoint to the st•rt ot the text 
00127 TRSDOS iilPRINT iPrint the c:ont11nts ot BUFFER •nd do • CIR 
00126 XOR A ic:lear A 
00129 LO (BPOS) ,A irl!Sl!t bi t pos i t i on c:ounter 
00130 
00131 Ini tial i:n the Printer Butter 
00132 
00133 INITBF• LO HL,BUFFER ;Point at the but t11r 
00134 LO (HL) ,60H ; F i I I the butter wi th x'80 ' 
00135 LO DE,HL iBu i Id dest i nation po inter 
00136 INC DE ;Copy t i rs t byt11 to sec:ond pos i ti on 
00 137 LO BC,239 iZero 240 bytes 
00138 LDIR 
00139 RET 
00140 
00141 BYE: CALL PRNDRS 
00142 LO C, lEH iEnd Graph ic• Pri n t Mo de 
00143 TRSDOS clPRT 
00144 
00145 BOMB: LO A,OFCH iStatus z graphic:s oft, no wa i ts, no inc:s 
00146 OUT (STATUS) ,A 
00147 
00148 TRSDOS iilFLAGS iPo i nt to s;yat•m tlags again 
00149 LO A, ( OLD) ;Get old c:o nt1t nts of !FLAGS 
00150 LO ( I Y +8 ) , A ;Set things bac:k the way the y were 
00151 
00152 LO HL,D iZe ro Return Code 
00153 RET iReturn to TRSDOS o r BASI C 
00154 
00155 
00156 MASK : DEFB 80H iMask to U 51! in llxtrac:ting b i ts 
00157 BUFFER : DEFS 240 i Pr i nter data bu t te r 
00156 DEFB OOH ;Terminator tor Print Line 
00159 BPOS : DEFB 0 ;B i t position i n pri nter butt•r 
00160 XLOC: DEFB 0 iCurrent X l oc:ation va l ue 
00161 OLD: DEFB D ;O l d contents o t !FLAGS 
00162 
00163 CRTC: DEFB 99,60,85,8,25,4,24,24 ,0,9,0 ,0,D,O , O,O 
00164 
00165 END GPRINT 
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------- Model 4 Computer Graphics-------

00001 
00002 
00003 
00004 
DODOS 
00000 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
O•OlS 
00010 
00017 
00018 
00019 
OQ020 
00021 
00022 
00023 
00024 
0002S 
00020 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
0003S 
00030 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
0004S 
00040 
00047 
00048 
00049 
DOCS• 
ODOS1 
OOOS2 
OOOS3 
OOOS4 
•DOSS 
••• So 
OOOS7 
ooos0 
OOOS9 
•• Db• 

GCLS -- Cle•r 9 r•phlcs screen 

TRSDOS: 

x, 
Y• 
DATA: 
STATUS: 

lNCY• 
lNCXY : 

GCLS: 

FDl V: 

OUTER: 

lNNER • 

PSECT 
PRINT 

2oOOH 
SHORT,NOMAC 

M•cros 

MACRO 
LD 
RST 
ENDM 

Port 

EQU 
EQU 
EQU 
EQU 

EQU 
EQU 

LD 
OUT 
LD 
LO 

1H 
A,11 
28H 

Ectu•tes 

80H 
81H 
82H 
83H 

70H 
30H 

A, 1DH 
( 230) ,A 
BC,1088H 
HL,CRTC+lS 

;Model 4 Overl•y •rea 

iTurn on CRTC port1 
iLo•d lo Regs •nd point to control port 
;Lo•d b•ckw•rds 

Th i s code progr•ms the CRTC Chip tor 80 x 24 screen 
Only required tor Model 111 Gr•ph i cs Boards 

OUT ( C) , B 
LD A, ( HL) 
OUT (137) ,A 
DEC HL 
DJNZ FDlV 

LD A, l NCY 
OUT ( STATUS) ,A 
XOR A 
OUT ( X) , A 
OUT ( y) 'A 
LD B , 80 
LD C,B 
LO B,239 
OUT (DATA) , A 
OJNZ INNER 
LD A , lNCXY 
OUT (STATUS ) ,A 
XOR A 
OUT ( DATA ), A 
OUT ( y) 'A 
LD A, lNCY 
OUT (STATUS) ,A 
XOR A 
LO B,C 
DJNZ OUTER 
LD A,OFCH 
OUT ( STATUS) ,A 

;Select D•t• Register in CRTC 
iGet the d•t• 
;Store that i n the CRTC 
;Move to previ ous entry 
;Decrement counter 

; Set grAph i cs statu1: 
; Gr•phics ott , i.i•its off, inc Y 

;Set X & Y •ddress to 0 

i 80 X •ddresses 

;239 Y • ddr esses. 240th done •fter loop . 
iZero g r•phi cs memory 
;Go cle•r nex t Y 
;Se t st•tus to i nc X & Y •tter i.ir i te 

;•nd c l e•r l•st (240th) Y •ddress 
;Set Y b•ck to zero 
iRe1et st•tus to inc Y o n l y 

iGo cle•r ne xt X 
iSet •t•tus : gr•phics oft, no w•i ts, no 
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---------Graphics Utilities---------

00061 
00062 XOR 
00063 LO 
00064 RET 
00065 
••• 66 CRTC: DEFB 
00067 
00_068 END 

A 
HL,O 

;Return to BASIC or TRSDOS 

99 , 8• ,85,8,25,4,24,24,• ,9,• ,0, •,•,•,• 
GCLS 
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------- Model 4 Computer Graphics-------

00001 
00002 
00003 
00004 
00005 
••• Db 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
••• lb 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 

GROFF 

TRSOOS: 

STATUS : 

GROFF : 

FDIV: 

CRTC: 

Turn graphics d i s p l ay oft wi th waits oft 

PSECT 2b•OH ;Model 4 Overlay area 
PRINT SHORT,NOMAC 

Macros 

MACRO 
LO 
RST 
ENDM 

Port 

EQU 

Main 

LO 
OUT 
LO 
LO 

ltl 
A,IH 
28H 

Equates 

83H 

Program 

A, l •H 
( 23b ) ,A 
BC, 1088H 
HL ,C RTC+15 

;Turn o n CRTC ports 
;Load lb Rega and point to control port 
;Load backwards 

This code programs the CRTC Chip tor 80 x 24 screen 
Only required t o r Model Ill Graph i cs Boards 

OUT 
LO 
OUT 
DEC 
DJNZ 

LO 
OUT 
XOR 
LO 
RET 

DEFB 

END 

( C) , B 
A,(HL) 
(137),A 
HL 
FOIV 

A,OFCH 
(STATUS), A 
A 
HL,O 

;Select Data Reg i,t er in CRTC 
;Get the data 
; Sto r e that in the CRTC 
;Move to previ ou, entr y 
;Decr ement counter 

;Return to TRSOOS or BASI C 

99,80 , 85,8,25,4,24,0 , 9 ,0,0, 0 ,0,0,0 

GROFF 
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---------Graphics Utilities---------

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00006 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00016 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00026 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00036 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00046 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00056 
00059 
00060 

GPRT2 -- Print 9raphic1 X horizontal 

PSECT 
PRlNT 

2bOOH 
SHORT,NOMAC 

Macro1 

TRSOOS: MACRO 
LO 
RST 
ENOM 

1U 
A,#1 
2BH 

TRSOOS SVC Equates 

alPRT• EQU b 
alPRlNT• EQU 14 
alFLAGS • EQU l[Jl 

Port Equat•• 

X: EQU BOH 
y: EQU BlH 
DATA: EQU B2H 
STATUS : EQU B3H 

Ma i n Pro9 ra111 

GPRT2 : LO A, 10H 
OUT (23c) ,A 
LO BC,l•BBH 
LO HL,CRTC+15 

This code pro9ra111s the 
On l y required tor Model 

FOlV• OUT ( C) , B 
LO A, (HL) 
OUT ( 137), A 
DEC HL 
OJNZ FOlV 

;Model 4 Overlay area 

i Print a character on the pri n ter 
iPrint a I in• on the printer 
iPoint to s ys tem control t l a91 

iTurn on CRTC ports 
iLoed lb Regs and point to control port 
iLoad backwards 

CRTC Chip tor BO )( 24 scr••n 
I I 1 Graph i cs Boards 

iSelect Data R•9 i 1ter i n CRTC 
; Get the data 
i Store that in the CRTC 
iMo ve to pr•v iou1 entry 
i Oecrement cou n t er 

Set the printer to 1tart g r aph i cs mode 

LO 
TRSOOS 
JR 

C , 12H 
alPRT 
NZ,BOMB 

i Besin Graphics mode 
iOutput Character 
i Print•r Not Ready 

Turn ott i nt•rnational charact•r ••t tran1lation 

TRSOOS 
LO 
LO 
RES 

alFLAGS 
A, ( 1 Y +B) 
(OLD) ,A 
c, ( lY+B) 

Open Vi deo Ma111or y 

LO 
LO 
OUT 

C ,O 
A,OE3H 
( STATUS) ,A 

;Gu lFLAGS 
iSave e cop y ct the cu rren t s•tt i nss 
iTurn ott b it c (Int l . Tran1lati on) 

iGraphic1 Y addr•s• 
iOp•n RAM wi th vi deo wait1 
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•• Dbl 
00062 
00063 
00064 
OOObS 
OOObb 
00067 
00066 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00076 
00079 
00060 
00061 
00062 
00063 

888~~ 
00066 
00067 
00066 
00069 
00090 
00091 
00092 
00093 
00094 
0009S 
00096 
00097 
00096 
00099 
00100 
00101 
00102 
00103 
00104 
0010S 
00106 
00107 
00106 
00109 
00110 
00111 
00112 
00 113 
00114 
0011S 
00116 
00117 
00116 
00119 
00120 

NEWLN : 

NEWRW : 

BYTEl: 

BIT • 

OFF: 

DONE• 

BOMB : 

Model 4 Computer Graphics -------

lnit i •li:z:e the Pr- i nter- Butter-

PUSH 
LD 
LD 
LO 
I NC 
LD 
LDIR 
POP 

LD 

LD 
OUT 
INC 
LD 
XOR 
OUT 
LD 

PUSH 
IN 

cB 
LD 
AND 
J R 
LD 
OR 
LD 
INC 
SRL 
JR 
DJNZ 
POP 

LO 
CP 
JR 
SLA 
JP 

CALL 
JR 
J R 

CALL 

LO 
TRSOOS 

LO 
OUT 

TRSDOS 
LO 
LO 

LO 

BC 
HL,BUFFER 
CHU ,60H 
DE , HL 
DE 
BC,639 

BC 

D, 1 

A,C 
( Y) ,A 
C 
HL , BUFFER 
A 
( X ) , A 
B,60 

BC 
A, ( DATA) 

~:~• H 
A,C 
E 
Z , OFF 
A,D 
(HU 
(HU ,A 
HL 
E 
NZ,BIT 
BYTE1 
BC 

A,240 
C 
Z,DONE 
D 
P,NEWRW 

PRINT 
NZ,BOMB 
NEWLN 

PR I NT 

C, lEH 
clPRT 

A, OFCH 
(STATUS) ,A 

clFLAGS 
A , COLO) 
( I Y+6) , A 

HL , O 

iS•v• BC 
;Po i nt •t the butter­

iFi I I the butte r- with x' 60 ' 
i Bui Id destin•t i on pointe r-
i Cop y t i r-st byte to seeond pos i tion 
iZer-o b40 bytes 

iRestor-e BC 

iBit in but to s11t 

iUpd•t• Y •ddr-ess 

iRest•r-t X •ddr-ess 
iGet 60 9r-•phies by te s 

;S•v• Y & loop eounter­

;S•v e 9r-•ph i c s byt11 . i n C 
iGet b t ts lett to r-19n t 

;Set bit i n butt e r 
;Next butter- byte 
;Next bit 

;L•st Y •ddr-11ss ? 

;Ne x t bit i n butte r-

iPr-int butter-
iAn err-or- oeeur-red . 

; End Gr-•phies Print Mode 
i We do not e•r-11 i t th i s one t• i ls. 

iSt•tus = 9 r •ph ies ott, no w• i t s , no i nes 

; Po i nt to s y st11 m tl•gs •9•i n 
;Get o l d eont11nt s at !FLAGS 
;S11t t h ings bae k th11 wa y t h11 y wer- 11 

iZer-o R11tu r n Code 
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00121 RET ;Retur-n to TRSDOS or- BASIC 
00122 
00123 PRINT• PUSH BC 
00124 LO HL,BUFFER+639 ;Point to the end ct the butter-
00125 LD D, • DH ;Key on the ter-111 i nator-
00126 LO BC,640 ;Set counter-
00127 PFOI V• LO A, ( HL) ;Look at a byte 
00128 CP 80H ; Ir, it a noth i ng? 
00129 JR NZ,STOP ;Then atop 
00130 DEC BC ;Oecr-ement counter-
00131 DEC HL ;Decr-e111ent po i nter-
00132 LO A,B ;See i t we ar-e done 
00133 OR C ; We I I? 
00134 JR NZ,PFOIV ;Loop tor- mor-e 
00135 STOP : INC HL iMove po in ter- bac k one 
00136 LO (HU ,OOH ;Load a ter-minator- atter- lar,t va I i d byte 
00137 LO HL,BUFFER i Point at th e text to be pr- i nted 
00138 TRSOOS iilPRINT ; Di r,p I ay i t 
00139 POP BC 
00140 RET ;Done, ex i t 
00141 
00142 CRTC: DEFB 99,80,85,8,25,4,24,24,0,9,0,0,0,0,0,0 
00143 
00144 OLD: DEFB 0 ;Old content5 of !FLAGS 
00145 BUFFER : OEFS 640 
00146 DEFB •DH ;Ca r-r-iage r-etur-n 
00147 
00148 END GPRT2 
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------- Model 4 Computer Graphics-------

00001 
00002 
00003 
00004 
00005 
0000b 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
0001b 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
0002b 
00027 
00028 
00029 
00030 
00031 
00032 
0 0033 
00034 
00035 
0003b 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
0004b 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
0005b 
00057 
00058 
00059 
00060 

GPRT3 -- Print graph i c1 X hor i zontal double Y ax i l 

TRSOOS: 

alPRT : 
alPRINT: 
i:»FLAGS: 

X• 
y , 
OATA 1 

STATUS: 

GPRT3: 

FDIV : 

PSECT 2bOOH 
PRINT SHORT,NOMAC 

Macro1 

MACRO Ill 
LO A,IH 
RST 28H 
ENOM 

TRSOOS SVC Equates 

EQU b 
EQU 14 
EQU 101 

Po r t Equate1 

EQU 80H 
EQU 81H 
EQU 82H 
EQU 83H 

Main Program 

LD A I lOH 
OUT ( 23b) ,A 
LD BC,108BH 
LD HL,CRTC+15 

iModel 4 Overlay area 

;Pri nt a character on the pr in te r 
;Pr i nt a line on the printer 
iPoint to 1 y stem control t l ag1 

iTurn on CRTC ports 
i Load lb Regs and po i nt to co ntr o l port 
;Load backward• 

This code program• the CRTC Chip for 80 x 24 screen 
On ly requ i red tor Model 111 Graphics Boards 

OUT 
LD 
OUT 
DEC 
OJNZ 

( C) I B 
A, ( HL) 
( 137),A 
HL 
FDIV 

;Select Data Register in CRTC 
;Get the data 
iStore that in the CRTC 
iMove to previous entr y 
iDecre~ent counter 

Set the printer to start graph i c1 mode 

LD 
TRSOOS 
JR 

C, 12H 
alPRT 
NZ,80MB 

;Begin Graphics mode 
iOutput Character 
iPrinter Not Ready 

Turn oft internat i onal character set translation 

TRSDOS 
LD 
LD 
RES 

i:»FLAGS 
A, ( I Y+B l 
( OLD) ,A 
b , ( I Y tB) 

Open Video Memory 

LO 
LD 
OUT 

C,O 
A, OE3H 
( STATUS) ,A 

iGet !FLAGS 
iSave a copy o t the current settings 
iTurn oft bit b (Intl. Tra ns l ation ) 

;Graph i cs Y address 
iOpen RAM with v i deo waits 
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00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
000B9 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00096 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 

NEWLN 1 

NEWRW: 

NEWR1: 

BYTE • 
BYTE1: 

BlT• 

OFF: 

LO 

PUSH 
PUSH 
LO 
LO 
LO 
lNC 
LO 
LDlR 
POP 
POP 

LO 
OUT 
LO 
CP 
JR 
lNC 
LO 
XOR 
OUT 
LO 
LO 
CP 
J R 
LO 

PUSH 
lN 
LO 
LO 
LO 
AND 
JR 
LO 
OR 
LO 
lNC 
SRL 
J R 
DJNZ 
POP 

LO 
CP 
JR 
SLA 
SLA 
JR 
J P 
LO 
ANO 
LO 
J R 
LO 
JR 

D,3 

BC 
DE 
HL,BUFFER 
(HL) ,80H 
DE,HL 
OE 
BC,639 

DE 
BC 

A,C 
( y) 'A 
A,40H 
0 
Z,NEWR1 
C 
HL,BUFFER 
A 
( X) , A 
B , BO 
A,4 
D 
NZ,BYTE 
D,6 

BC 
A, ( DATA) 
C,A 
E,BOH 
A,C 
E 
Z,OFF 
A,D 
(Hll 
(Hll ,A 
HL 
E 
NZ,BlT 
BYTE1 
BC 

A, 240 
C 
Z,DONE 
0 
0 
Z,ENDRW 
P,NEWRW 
A,7FH 
D 
D,A 
NZ,NEWRW 
D,3 
ENDR2 

; Blt(s ) In but to set 

;Point at the butter 
iFi I I the butter with x' 80' 
iBu i I d destinat i on pointer 
;Copy first byte to second position 
;Zer o 640 bytes 

;Restore BC 

; It p r int i ng row second t i~• 
Move to next row 

;Rest•rt X address 
;Get BO gr•ph ics bytes 

iS•v• Y & loop counter 

;Save gr•ph i cs byte in C 
iGet bits lett to right 

;Set bit i n buffer 
;Nex t butter byte 
iNe x t bit 
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00121 ENDRW• LO D, 1 
00122 ENOR2• PUSH OE 
00123 CALL PRINT iPr-int butter 
00124 POP OE 
00125 JR NZ,BOMB ;p,. inter- Error 
00126 JR NEWLN 
00127 
00126 DONE • CALL PRINT 
00129 
00130 BOMB • LO C, lEH iEnd Graphics Pr i nt Mode 
00131 TRSOOS aPRT iWe do not 
00132 

care i t this one ta i Is. 

00133 LO A,OFCH iStatus • graph i cs ott, no waits, no inc • 
00134 OUT (STATUS) ,A 
00135 
00136 TRSOOS aFLAGS iPoint to syst•• tlags a9ain 
00137 LO A, (OLD) iGet old contents at !FLAGS 
00138 LO (IYt8),A ,Set thlnws back the way they were 
00139 
00140 LO HL,O iZero Return Code 
00141 RET ;Return to TRSDOS Or BASIC 
00142 
00143 PRINT• PUSH BC 
00144 LO HL,BUFFER+639 ;Point to the end ot the butter 
00145 LD D,ODH iKey on the terininator 
00146 LD BC,640 iSet counter 
00147 PFDlV• LD A,(HL) iLook at a byte 
00148 CP BOH ih it a nothing? 
00149 JR NZ,STOP ,Then stop 
00150 DEC BC iOecr•••nt counter 
00151 DEC HL iO•creaent pointer 
00152 LO A,B ;See it we ar-e done 
00153 OR C ,We I I? 
00154 JR NZ,PFOIV iLoop tor •ore 
00155 STOP• INC HL il'1ova pointer back one 
00156 LO (HL) ,OOH ;Load a t•r• i nator atter last va I id byte 
00157 LO HL,BUFFER ;Point at the text to be printed 
00158 TRSDOS aPRINT ;Display it 
00159 POP BC 
0016D RET ; Done, e x i t 
00161 
OOH,2 CRTC • 
00163 

DEFB 99,80,85,B,25,4,24,24,0 , 9,0,0,0,0,0,0 

00164 OLD• DEFB o ;Old contents ot .!FLAGS 
00165 BUFFER• DEFS 640 
OOU,6 DEFB OOH ;Carriage return 
00167 
00168 END GPRT3 
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----- Graphics Subroutine Library (FORTRAN) -----

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

BASICG vs. the Graphics Subroutine Library 
The Graphics Subroutine Library contains subroutines which provide the same capabilities as the Graphics commands 
and functions in BASICG. The Graphics subroutines have basically the same names and parameters as the BASICG 
commands. The major differences between the Library subroutines and the BASICG commands are: 

• The BASICG command LINE has three corresponding library subroutines: LINE, LINEB, and LINEBF. LINEB 
and LINEBF provide the functions of the BAS I CG command LINE with the parameters B and BF respectively. 

• The BASICG command PAINT has two corresponding library subroutines: PAINT and PAINIT. PAINT is for 
painting solid black or white, and PAINIT is for painting with tiling . 

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

Setting Points using SETXY and SETXYR 
The coordinates specified by SETXY or SETXYR will be called the "current" and "previous" coordinates. 
Subroutines that use one (x ,y) coordinate pair use the "current" coordinates and subroutines that use two (x,y) pairs 
use both the "current" and the "previous" coordinates. Each call to SETXY or SETXYR sets the coordinates as 
follows: 

I. Assign the values of the "current" (x,y) coordinates to the " previous" (x,y) coordinates, (discarding the old 
''previous' ' coordinates). 

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

Initialization 

Before any calls are made to Graphics, the Graphics library and board must be initialized. A special initialization 
routine (GRPINI) is included in the library. A call to GRPINI must be made as the first access to the Graphics 
library. 

Example 

00100 C SAMPLE INITIALIZATION 
00150 
00200 

DIMENSION V(30,30l 
CALL GRPINI (0) 
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------- Model 4 Computer Graphics-------

Linking 
The Library (GRPLIB/REL) must be linked to any programs that access the Graphics Subroutines. You must use the 
linker (L80) to generate the load module. 

Example 

L80 CEHIE8) 
*SAMPLE:1-N 
*GRPHSAM,GRPLIB-S,FORLIB-S,-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; 
GRPHSAM, GRPLIB-S, FORLIB- S, and - U are the names of the relocatable modules to be linked and their 
respective switches. - E ends the routine and creates the executable program SAMPLE. The *'Sin the example are 
prompts for the user - not data to be entered. 

Note: If there are unresolved external references, the FORTRAN Library may need to be scanned a second time . 

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

GRAPHICS ERROR 

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

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

Routines/Functions 
Most of the FORTRAN Subroutines and functions described in this section have a corresponding command in the 
Graphics BASIC Language Rererence section of this manual. 
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----- 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 pixel area into an array. 
GPRINT Displays textual data on the Graphics Screen. 
GRPINI Graphics initialization routine. 
LINE Draws a line. 
LINES Draws a box. 
LINEBF Draws a filled box. 
LOCATE Sets the direction for displaying textual data on the 

Graphics Screen. 
PAINT Paints the screen in specified OFF/ON color. 
PAINTT Paints the screen in a specified 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 (x,y) coordinates (absolute). 
SETXYR Sets (x,y) coordinates (relative). 
VIEW Sets up a viewport where graphics is displayed. 

Table 7 

FORTRAN Functions 

Function Action 

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

Table 8 
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------- Model 4 Computer Graphics-------

CIRCLE 
Draws a Circle, Arc, Semicircle, Point or Ellipse 

CIRCLE draws a circle. By varying start, end, and aspect ratio, you can draw arcs, semicircles , or e llipses using 
current X- and Y-coordinates as the centerpoint (set 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 
statement , end is read as 2 x PI even though you have entered 0.0. If you enter 0.0 for aspect ratio, a symmetric 
circle is drawn. 

Example 
CALL CIRCLE< 100 ,1 ,0 ,0 ,0,0 ,0,0) 

Sample Program 

This example draws and paints a circle. 

00010 C SAMPLE PROGRAM FO R CIRCLE 
00020 LOGICAL COLOR,OPTION 
00030 COLOR=l 
00040 OPTION=0 
00050 CALL GRPINI <OPTION ) 
00060 CALL CLS 
00070 CA LL SET XY <300,100l 
00080 CA LL CIRCLE<100,COLOR,0,0,0,0,0,0l 
00090 CA LL PA I NT <CO LOR, COLO Rl 
00100 ENO 

CLS 
Clears Graphics Screen 

Example 

CALL CLS 

Sample Program (see CIRCLE) 
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----- Graphics Subroutine Library (FORTRAN) -----

GET 
Reads Contents of a Rectangular 
Pixel Area into an Array 

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

eight pixels per byte and each row starts on a byte boundary. 

Array Limits 
When the array is defined, space is reserved in memory for each e lement 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 store. 

To determine the minimum array size: 

l . Divide 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) and two (for integers) rounding up to the next higher integer. (Note: If you ' re 
using a LOOICAL array, the result of Step #3 above will produce the desired array size.) 

When using arrays the position and size of the rectangular pixel area is determined by the current and previous (x,y) 
coordinates. 

Position: 

Size (in pixels): 

Example 

upper left corner = startpoint = (xl,yl) 
lower left corner = endpoint = (x2,y2) 

Width = x2 -xl + 1 
length = y2 - y I + I 

CALL GET(A ,a000l 
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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. 

00050 C 
00100 
00150 
00200 
00300 
00350 C 
00400 
00500 
00550 C 
00600 
00700 
00750 C 
00800 
00900 
01000 10 
01050 C 
01100 
01200 
01300 
01400 
01500 20 
01600 

GPRINT 

SAMPLE FOR GET AND PUT 
LOGICAL V(128l ,ACTION 

ACTION=l 
CALL GRPINIC0l 
CALL CLS 
DRAW A CIR CLE 
CALL SET XY (30,30l 
CALL CIRCLE<l0d ,0,0,0,0,0,0l 
SET COORDINATES FOR GET ARRAY 
CALL SETXY(10,10l 
CALL SETXY(40,40l 
STORE GRAPHICS INTO ARRA Y WITH GET 
CALL GET<V,128) 
DO 10 1=1,5000 
CONTINUE 
CLEAR SCREEN AND RESTORE GRPH FROM ARRAY 
CALL CLS 
CALL SETXY(110,110l 
CALL PUT(V,ACTI • Nl 
DO 20 1=1,5000 
CONTINUE 
END 

Write Text Characters to the Graphics Screen 

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

GPRJNT will only print text characters (see the Model 4 Disk System Owner's Manual). Each character displayed 
in the O or 2 direction uses an 8 x 8 pixel grid; each character displayed in the I or 3 direction uses a 16 x 8 grid. 
Executing this command will set the current (x,y ) coordinates to the end of the last character that was displayed. 
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Displaying text in the direction O engages a wraparound feature. If the end of a line is reached, the display will be 
continued on the next line. If the end of the screen is reached, the display will be continued at the beginning of the 
screen without scrolling. If there is not enough room to display at least one character at the current (x,y) coordinates, 
a GRAPHICS ERROR will result. When displaying text in other directions, an attempt to display text outside the 
currently defined screen will cause a GRAPHICS ERROR to be given. 

GRPINI 
Graphics Initialization Routine 

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

Example 

CALL GRPINI(l) 

Sample Program (see CIRCLE) 

LINE 
Draws Line 

LINE draws a line between the previous and current coordinates. These coordinates are set by the SETXY or 
SETXYR subroutines. 

Example 

CALL LINE ( 1 ,-1 l 
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Sample Program 

This example draws a diagonal line connected to a box. which is connected to a filled box . 

00010 C 
00020 
00030 
000ll0 
00050 
00060 
00070 
00080 
00090 
00100 C 
00110 
00120 
00130 C 
001ll0 
00150 

LINEB 
Draws Box 

SAMPLE FOR LI NE LI NEB LI NEBF 
LOGICAL COLOR 
COLOR=l 
CALL GRPINI<0 l 
CALL CLS 
CALL SETXY < 1 , 1 l 
CALL SETXY(210,80l 
CALL LINE<COLOR, -1> 
CALL SETXY!ll20,160l 
COOR• I NATES ARE NOW ( 210 ,80 l ( ll20 ,160 l 
CALL LINEB<COLOR,-1> 
CALL SETXY( 639,239) 
COORDINATES ARE NOW (ll20 ,160> (639,239) 
CALL LINEBF<COLOR> 
END 

LINEB is thl' i.;11111: as LINE l'X,·l'pt LINEB draws a h.,, lx·twc,·n thl' two Sl'IS l,f ,·ol,rdinatl'S set hy the SETXY or 
SETXYR suhwutinl's. 

Example 

CALL LINEB<l, - 1> 

Line Pro~ram (st't' LINE) 
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LINEBF 
Draws Painted Box 

LINEBF is the same as LINEB except LINEBF fi lls the box (colors in the box) and the argument style is not used . 

Example 

CALL LI NEBF ( 1 ) 

Sample Program (see LINE) 

LOCATE 

LOCATE sets the direction that GPR INT will use to display textual data. The allowable value, for direction are: 

0 - zero degree angle 
I - 90 degree angle 
2 - 180 degree angle 
3 - 270 degree angle 

Examples 

CALL LOCATE (0) 
This program line wi ll cause characters to be displayed at the current fx ,y) coordinate\ in normal left to right 
orientation. 

CA LL LOC AT E (1) 
This program line will cause character, to be displayed at the current (x,y) coord inate~ in a vertical orientation going 
from the top of the screen to the bottom of the screen . 

CA LL LOCATE (2 ) 
This program line will cause characters to be displayed up,ide down starting at the right of the screen and goi ng 
towards the left. 
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CALL LOCATE (3) 
This program line will cause the characters to be displayed vertically starting at the lower portion of the screen going 
towards the top of the screen. 

PAINT 
Paints Screen in Specified Color 

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

Example 

CALL PAINT( 1 ,1 l 

Sample Program (see CIRCLE) 

PAINTT 
Paints Screen in Specified Pattern 

PAINTT lets you paint a precisely defined pattern us ing a graphics technique called " ti ling ... You can paint with 
tiling by defining a multi-pixel grid in an array and the n using that array as the paint pattern . 

Example 

CALL PAINTT <A ,1 , t)) 
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Sample Program 

00100 C 
00150 
00200 
00300 
00350 C 
00400 
00500 
00600 
00650 C 
00700 
00800 
00900 
01000 
01100 
01200 
01300 
01400 

PRESET 

EXAMPLE FOR PAINT WITH TILE 
LOGICAL A,B , BDRDER 
DIMENSION ACS ) 
DIMENSION B<2> 
DEFINE TILE ARRAY HERE 
DATA A(l), A<2 > , AC 3 ) / 8 , X' Bl ' , X' 42 '/ 
DATA AC4) ,A<S> ,A C6 l/X ' 24 ' , X' lB ' , X' 18 '/ 
DATA AC7) ,A<B > ,AC9 )/X ' 24 ' , ){ ' 42 ' , X' Bl '/ 
DEFINE BACKGROUND ARRA Y HE RE 
DATA BC1 ) ,BC2 )/ 1,0 / 
CALL GRPINI <0> 
CALL CLS 
CALL SET XY C300,100> 
CALL CIRCLE< 150 ,1 ,0,0 ,0 , 0 , 0 ,0 > 
BORDER=l 
CALL PAINTT CA,BOROER,B ) 
ENO 

Sets Pixel ON/OFF 

PRESET sets the pixel defined hy the rnrrl·nt (:\ .y) n111nli11atcs l' ilhn O N ,,r 01·'1-' . 

Example 

CA LL PRESET<0 > 

Sample Program 

0 0100 C PRESET E)( AMPLE 
00200 LOGI CAL COLOR 
00300 COL OR=l 
00400 CALL GRPINI ( 0) 
00 5 00 CALL CL S 
00600 C SET PI >: EL TO ON 
00700 CALL SET:<Y < 300,1 2 0) 
00800 CALL PRESETC COLOR) 
00900 C TEST PI •:EL WH ETH ER ON OR OFF 
01000 K=POINTCM) 
01100 3 0 WRITE (3, 35 )1( 
01 2 00 35 FORMAT C '2' , ' PI XEL l.1ALU E l S ' ,14 ) 
01 3 00 END 
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PSET 
Sets Pixel ON/OFF 

PIIT{ooM'J 

colDf' 111 of LOGICAL tp, apacllls whelMr a pixel II to be aet ON or OFF and 18 an Integer 
e,ipre111on ol ellher o (OFF) or 1 (ON). 

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

Example 

CALL PSE TC 0) 

Sample Program 

00100 C 
00200 
00300 
00a00 
00500 
006"00 
00700 C 
00800 
00900 
01000 C 
01100 
01200 
01300 35 

PSET E)< AMPLE 
LOGICAL COLOR 
LOGICAL POINT 
COLOR=l 
CALL GRPINI<0> 
CALL CLS 
SE T PI XEL TD ON 
CALL SET XY C300,120> 
CALL PSETCCOLOR> 
TEST PI XEL WHETHER ON OR OFF 
K=POINT<M > 
WRITE C3,3 5 ) K 
F o RM AT c , 2 ' , ' P I >( EL ,., AL u E I s , , I a > 

01Q00 ENO 

PUT 
Puts Stored Array onto Screen 

_,., la UMl8lly LOGICAL type, although any type Is permlsllble. Speclftea the array (stored with 
GET) 1D be reaknd. 

action Is of L0GtCAL type and apedfles how the data Is to be written to the video. Acllon may be 
one of the following: 

1 = OR 
2 = AND 

3 • PRESET 
=- PSET 

5 = XOR 

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

CALL PUT CV ,1) 

Sample Program (see GET) 

SCREEN 
Selects Screen 

SCREEN lets you select the proper screen. 

Example 

CALL SCREEN (0) 

Sample Program 

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

00010 C 
00020 
000ll0 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 20 
00130 
001ll0 
00150 

EXAMPLE FDR SCREEN 
LOGICAL CMD 
CMD=1 
CALL GRPINI!0) 
CALL CLS 
CALL SCREEN(CMD) 
CALL SET XY !300,1 20l 
CALL CIRCLE< 100 tl ,0,0 ,0,0 ,0,0 ) 
CALL PAINT ( 1 t1 > 

DD 20 I=l t10000 
CONTINUE 
CMD=0 
CALL SCREEN (C MD ) 
END 
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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 SETXY(100,100) 

Sample Program (see LINE) 

SETXYR 
Sets Relative Coordinates 

SETXYR sets the current (x,y) coordinates relative to the previously set (x,y) coordinates. For example. if the 
" current" coordinates are ( I 00, I 00) . CALL SETXYR(I 0 . 10) wi ll set the "current" coordinates to ( 110. 110); the 
"previous" coordinates will then be ( I 00. 100). 

Example 

CALL SET XYR (30,30> 

Sample Program 

00010 C DRAW TWO INTERSECTING CIRCLES 
00020 CALL GRPINI(ll 
00030 CA LL CLS 
00040 CALL SET XY< 100,100 ) 
00050 CALL CIRCLE (50,1 ,0,0,0,0,0,0) 
00060 C DRAW SECOND CIRCLE WITH CENTER 20 
00070 C PI XELS TO THE RIGHT OF FIRST CIRCLE 
00080 CALL SET XYR(20,0) 
00090 CALL CIRCLE(50 ,1 ,0,0 ,0,0 ,0,0> 
00100 END 
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VIEW 
Sets Viewport 

VIEW draws viewports 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 origin. However. the "absolute coordinates" of the viewport , as 
they are actually defined on the Graphics Cartesian system . are retained in memory and can be read using VIEW as 
a function . 

Example 

CALL VIEW(100,100,200,200,0,1l 

Sample Program 

00100 C 
00200 
00300 
00Ll00 
00500 
00600 C 
00700 
00800 
00900 
01000 C 
01100 
01200 
01300 
01Ll00 20 
01500 C 
01600 
01700 
01800 
01900 
02000 35 
02100 Ll0 
02200 C 

SAMPLE VIEW PROGRAM 
LOGICAL CDLDR,BORDER,K 
INTEGER FVIEW 
CALL GRPINl ( ll 
CALL CLS 
SET UP VIEW PORT 
CDLDR=0 
BORDER=! 
CALL VIEW(210,80,Ll20,160,CDLDR,BDRDERl 
DRAW MULTIPLE CIRCLES 
CALL SET XY( 105,Ll0l 
DO 20 1=10,150,10 
CALL CIRCLE( I ,1 ,0,0 ,0,0 ,0l 
CONTINUE 
DISPLA Y VIEWPORT COORDINATES 
DD Ll0 1=1 ,ll 

K = I - 1 
J=FI.JIEW<Kl 
WRITE <3,35ll,J 
FORMAT ( '2' , 'VI EW PORT COORDINATE ', ILi, ' IS AT ' ,ILi) 

CONTINUE 
PRINT EMPT Y LINES 
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02300 
02a00 
02500 50 
02600 60 
02700 

DD 60 I= 1 ,G 
WRITE <3 ,50 ) 
FORMAT ( 1H1 ) 
CONTINUE 
END 

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

Functions 

POINT 
Reads Pixel Value at Current Coordinates 

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

Example 

K=POINT(Ml 

Sample Program (see PSET) 

FVIEW 
Reads Viewport's Parameters 

FVIEW returns the specified viewport parameter: 
0 = returns the left X-coordinate 

Example 

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

I=FVIEl-!(0) 

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

1/0 port mapping is used to read and write data to the board . The Board is addressable at 80 - 83 Hex. 

There are four internal registers which can be written to or read on the board. They are as follows: 

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

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

3. Data - Graph ics data in ··byte" form. Each byte turns on or off 8 consecutive horizontal dots . 

4. Options - 8 flags which turn on or off the user programmable options (Write only). 

The 1/0 port mapping of the board is: 

• xO - X-Register Write. (80) 
• x i - Y-Register Write. (8 1) 
• x2 - Video data read or write . (82) 
• x3 - Options write. (83) 

where x denotes the upper nibble of the 1/0 boundary as set by the DIP Switches. They are set by the factory at 
80H. 

The Graphics Board uses X-Y addressing to locate the start of a Graphics data byte. The upper-left of the screen 
is (0,0) while the lower-right is (079,239). If the bit is a I. the dot will be ON. For example. if you wanted to 
tum on the 5th dot on the top row, the registers would contain: X POSITION=0. Y POSITION = 0. 
DATA = (OOOOl000) = 08H. Note that in calculating points to plot, the Y-position is correct for a single dot. Only 
the X-position must be corrected to compensate for the byte addressing. This can be accomplished in a simple 
subroutine. 

Line Drawing Options 
There are two 8-bit counters which act as latches for the X- and Y-address. You may select , through the opt ions 
register. if they are to automatically count after a read or write to graphic me mory. Also, the counters may increment 
or decrement independently. These counters do not coun1 to their respective endpoints and reset. Instead, they will 
overflow past displayable 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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Examples 

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

Read the video byte at X = 0 , Y = 0 

XOR 
OUT 
OUT 
IN 

A 
C 80H l ,A 
C81 _H) ,A 
A,(82Hl 

iCLEAR A 
iOUTPUT X ADDRESS 
iOUTP UT Y ADDRESS 
iREAD tJIOEO BYTE 

Draw a line from X = 0, Y = 0 to X = 639. Y = 0 using the hardware line drawing 

LOOP 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

LO 
LO 

OUT 
XOR 
OUT 
OUT 
LO 
OUT 
DJNZ 

B,79 
A,0B1H 

( 83Hl ,A 
A 
( 80H l ,A 
(81 H) ,A 
A,0FFH 
(82 H) ,A 
LOOP 

Option 

iB HAS CHARACTER COUNT 
iOPTIDNS: INCREMENT X AFTER WR ITE 
i 10 11000 1 Bi nan-

iOUT X ADDRESS STARTING 
i OUT PUT Y ADDR ESS 
iLOAD A WITH ALL DOTS ON 
iOUTP UT DOTS 
iOUT PUT NUMBER IN B REGISTER 

Options Programming 

Description 

GRAPHICS/ ALPHA. Turns graphics ON and OFF. 
" 1" turns graphics ON. 

NOT USED 

XREG DEC/ INC* 

YREG DEC/INC* 

X CLK RD" 

Y CLK RD* 

X CLK WR" 

Y CLK WR* 

Selects whether X decrements or increments. 
" 1 " selects decrement. 

Selects whether Y decrements or increments. 
" 1 " selects decrement. 

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

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

A "O" clocks AFTER a Write. 

A "O" clocks AFTER a Write. 

Table 9. Options Programming 
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Appendix A/BASICG/Utilities 
Ref ere nee Summary 

Argument ranges are indicated below by special letters and words: 

ar is a single-precision floating point number > 0.0 (to I* 1038) . 

b 
B 
BF 
C 

n 

p 
r 
X 

y 
action 
background 
border 

is an integer expression of either 0 or I. 
specifies a box. 
specifies a shaded box. 
is an integer expression of 0 or I . 
is an integer expression from 0 to 2. 
is an integer expression from Oto 3. 
is an integer expression from 0 to 639. 
is an integer expression from 0 to 639. 
is an integer expression from Oto 239. 
is either AND, PSET, PRESET, OR, or XOR. 
is a string of either 0 or I . 
is an integer expression of either 0 or I . 

end 
start 
switch 

is an expression from - 6.283185 to 6.283 185. 
jD29is an expression from - 6.283185 to 6.283185. 
is an integer expression of 0 or I . 

tiling 
type 

is a string or an integer expression of 0 or I . 
is an integer expression of 0 or I. 

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

CIRCLE <100'100l ,25,1 
CIRCLE< 100 ,100) ,100 ,PI ,2*PI ,5 

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

CLR Clears the Graphics Screen. 
CLR 

GCLS Clears the Graphics Screen and memory. 
GCLS SYSTEM"GCLS" 

CIRCLE < 150,1 50) ,a0 ,1,,, ,6 
CIRCLE(-50,-50) , 2 00 

100 SYSTEM"GC LS" 

GET(xl ,y1Hx2,y2),a"ay name Reads the contents of a rectangular pixel area into an array . 
GET<10,10)-(50,50l , V 

GLOAD filenamelext.password:d Loads graphics memory. 
GLOAO PROG SYS TEM"GLOAO PROG" 

GLOCATE (x,y) ,direction Sets the Graphics Cursor 
GLOCAT E (320 ,1 20) ,0 

87 



------- Model 4 Computer Graphics-------

GPRINT Dumps graphic display on the printer. 
GPRINT SYSTEM" GPRINT " 100 SYST EM"GPRINT 

GPRT2 Dumps graphic display on the printer without rotating 90 degrees. 
GPRT2 SYSTE M"G PRT2" 100 SYSTEM"GPRT2" 

GPRT3 Dumps graphics display on the printer without rotati ng 90 degrees. 
GPRT3 . SYST EM "GPRT3" 100 SYS TEM "GPRT3" 

GROFF Tums Graphic Display OFF. 
GROF F SYSTEM " GROFF" 

GRON Tums Graphics Display ON. 
GRON SYST EM"GRON" 

GSA VE filenamelext.password:d Saves graphics memory. 
GS AVE PROG SYSTEM" GSA1.JE PROG" 

LINE(xl ,y1Hx2,y2),c,B or BF, style Draws a line/box. 
LINE -( 100.100 ) LI NE <100,100 )-(200,200l ,1 , 5,45 
LIN E <0,0l-<100,100 ) d ,BF LINE <-200,-200 ) - ( 100 ,100) 

PAINT (x,y),tiling,border,background Paints the screen. 
PAINT (320 ,120 l ,1 ,1 PAINT (320 ,120> ,"DDDDD" ,1 
PAINT (320 ,120 ) ,A$ ,1 
PAINT (320 ,120) ,CHRS(0l+CHRS<P.HFFl ,0 ,CHRS <& H00l 
PAINT(320 ,120 ) ,CHRS<E l+CHR$(77)+CHRS ( 3 l 

&POINT(x ,y) A function. Tests graphics point. 
PR INT &PO I NT( 320,1 20l IF &POIN T (32 0 ,1 20 l =llTHEN,,, 
PRINT &POINT ( 320,120l ,-1 

PRESET (x,y),switch Sets pixel OFF or ON. 
PRESET(100d00l ,0 

PRINT #-3, item list Write text characters to the Graphics Screen. 
PR INT •-3,"MONTHL Y" 

PSET (x,y),switch Sets pixel ON or OFF. 
PSET(100,1 00l ,1 

PUT (xi ,yl ),a"ay name,action Puts graphics from an array onto the screen. 
PUT ( 100,100 ) ,A ,P SET PUT( 100,100) ,A ,AND 
PUT<A,Bl,B 

SCREEN type Selects the screen. 
SCREEN 0 

VIEW (xl ,y1Hx2,y2),c,b Redefines the screen and creates a viewport. 
l)I E 1,,1 ( 1 0 0 , 100 ) - ( 1 5 0 , 1 5 0 ) VI E 1,,1 < 1 0 0 , 100 ) - ( 1 5 0 , 150 ) , 0 1 1 

&VIEW(p) A function . Returns viewport 's coordinates. 
PRINT &VIEW < 1 l 
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Appendix B/ BASIC Error Codes 
and Messages 

Code Number 

NF 

SN t 

RG 3 

OD 

FC 5 

0V 8 

Message 

NEXT without FOR 

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

Return without GOSUB 

BASIC encountered a RETURN statement for which there is no 
matching GOSUB statement. 

Outddata 

BASIC anco&llt8r8d a READ atatement, but no DATA statements wllh 
unread itema ramaln In the program. 

Illegal function call 

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

a. A negative or unreasonably large subscript. 

b. A negative or zero argument with LOG. 

C. A negative argument to SOU. 

d. A negative mantissa with a noninteger exponent. 

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

f. An improper argument to MID$, LEFT$, RIGHT$, PEEK, POKE, 
TAB, SPC, STRING$, SPACE$, INSTR, or ON ... GOTO. 

Overflow 

The raault of a calculation was too large to be repre11nted In BASIC 
numartc format. H underflow occura, the result la zero and execullon 
contlnuN wllhout an error. 
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OM 7 

BS 9 

10 11 

TM 13 

LS 15 

Out of memory 

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

Subscript out of range 

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

Division by zero 

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

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. 

String too long 

An attempt was made to create a string more than 255 characters long. 
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CN 17 

19 

21 

23 

29 

30 

Disk Errors 

50 

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. 

c. Does not-exist. 

No RESUME 

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

Undefined error 

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

M111lng operand 

Na 9JIP'111lon contains an opera10r wl1h no operand. 

Line buffer overflow. 

An attempt was made to input a line with too many characters. 

JOA ---I.ID(T. 

A FOR llalement was encountered without a matching NEXT. 

WHILE without WEND 

A WHILE statement does not have a matching WEND. 

WENDwlllOUIWHILE 

A Wl!ND lllltifftlnt was encountered wtlhout a malchlng WHILE. 

Field overflow 

A FIELD statement is attempting to allocate more bytes than were 
specified for the record length of a direct-access file. 
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61 

52 

• 
54 

57 

58 

61 

63 

,111arna1enor 

An 1n11m11 anor rnduncllan has occuned In BASIC. Report to Radio 
Shack the candlllona under which the m111age appeared. 

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. 

Fltftalblnd 

A LOAD, KILL. or OPEN 1tatament refarencea a file that daea not exist 
on 118 CUfflllll dllk. 

Bad file mode 

An attempt was made to use PUT, GET, or LOF with a sequential file, 
to LOAD a direct file, or to execute an OPEN statement with a file 
mode other than I, 0, R, E or D. 

Flemadyopan 

An OPEN lflllllnent far aequantlal OUlpul waa llsued far a file that Is 
llrlldy open; or a KU atatement was given far a tlle that Is open. 

Device 1/0 error 

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

Fie allNdy --
1119 tlliplC lp8Cllled In a NAME ltallmellt II ldenllcal ID a ftl11pac 
..... In.,.. on 118 dllk. 

Disk full 

All disk storage space is in use . ......... 
M INPUT • 111n• - execulld a11ar II the data In 118 tie had 
lleiftN'UT. or far a rd (Imply) ftle. To avoid 1h19 error, uee 118 E0F 
blcllon to del8ct the end,of Ila . . 

Bad record number 

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

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

Appendix C/ Subroutine Language 
Ref ere nee Summary 
CIRCLE (radius, color,start,end,ar) Draws circle, ellipse, semicircle, arc, or point. (x.y) coordinates set by 

SETXY. 
CALL CIRCLE C 100 ,1 ,0 ,0 ,0> 

CLS Clears Screen. 
CALL CLS<2> 

FVIEW (n) Returns viewpon parameter. 
I=FVIEW(0) 

GET (array,size) Reads the contents of a rectangular pixel area into an array for future use by PUT. 
CALL GET<A,4000) 

GPRINT (size,array) Displays textual data. 
CALL GPRINT (28,ARRA Yl l 

GRPINI (option) Graphics initialization routine. 
CALL GRPINI<0> 

LINE (color,style) Draws a line. 
Coordinates set by SETXY or SETXYR. 

CALL LINE <1,-1> 

LINEB (color,style) Draws a box. 
Coordinates set by SETXY or SETXYR. 

CALL LI NEB ( 1 , - 1 ) 

LINEBF (color) Draws a filled box. 
Coordinates set by SETXY or SETXYR. 

CALL LI NEBF < 1) 

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

PAINT (color,border) Paints screen. 
CALL PAINT< 1 ,1 > 

PAINTT (arrayT,border,arrayS) Paints screen with defined paint style. 
CALL PAINTT CA ,1 ,V l 

POINT Returns pixel value at current coordinates. 
K=POINT<M> 

PRESET (color) Sets pixel ON or OFF. 
CALL PRESET (0) 

PSET (color) Sets pixel ON or OFF. 
CALL PSET (0) 
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SCREEN (typt) Sets Screen/graphics speed. 
CALL SCREEN <l> 

SETXY (X,Y) Sets coordinates (absolute). 
CALL SET XY (l00,100) 

SETXYR(X,Y) Sets coordinates (relative). 
CALL SET XY RC50,50l 

VIEW (leftX,kftY,righlX,righlY,color,border) Sets viewport. 
CALL VIEWC100,100,200,200,0,1l 
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Appendix D/ Sample Programs 

10 ' 
20 ' Pie Graph Program ("PECANPIE/GRA"l 
30 ' 
a0 ' Object 
50 ' The object of this Program is to draw a Pie graph of the 
60 ' e x pe n ses for a given month of eight dePartments of a comPan Y, 
70 ' along wi th the n umerical v al ue of each Pie section 
80 ' 
80 ' 
100 ' 

rePresentation, 

110 ' Running the Program 
120 ' The month and the amounts spent b y each departme n t are inPut, 
130 ' and the Prog r am taKes o ver from there, 
1a0 ' 
150 ' Special features 
160 ' The amounts spent b Y each account as well as the total 
170 ' 
180 ' 
180 ' 
2 00 ' 
210 ' 
220 ' 
230 I 

2a0 I 

250 I 

260 I 

270 I 

280 I 

280 I 

300 I 

310 I 

320 I 

330 I 

3a0 I 

350 I 

360 ' 
370 ' 

amount spent are stored in strings, The Program will 
standardize each string so that it is 8 characters long 
and includes two characte r s to the right of the decimal 
Point, This allows for inPut of va riable length and an 
oPtional decimal Point, 

The v arious coordinates used in the Program are found 
based on the following equations: 

x = r * cos(theta) 
Y = r * sin(theta) 

where x and Y are the coordinates, r is the radius, and theta 
is the angle, (Note: The Y-coordinates are alwa y s mul tiPlied 
b y 0,5, This is because the Y Pixels are twice the size of the 
x Pixels,) 

If an angle theta is generated b Y a Percent less than 1%, the 
section is not graphed, and the next theta is calculated, 
However, the number will still be listed un der th~ Ke Y, 

380 ' Variables 
380 ' ACCTS(il 
a00 ' BUDS! i > 

a10 ' 
a 20 ' 
a30 ' 
aa0 ' 

DSS 
HXCOL 
HYRW 
I 

DescriPtion of the accou n t 
Amount spent b y the acco unt 
Dollar sign (used in outPut) 
Column number for the Pie section number 
Row number for the Pie sectio n n umber 
Counter 
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450 ' 
460 ' 
4 70 ' 
480 ' 
490 ' 
500 ' 
510 ' 
520 ' 
530 ' 
540 ' 
550 ' 
560 ' 
570 ' 
580 ' 
590 ' 
600 ' 
610 ' 

MN$ 
PER< i l 
R 
T0 
Tl 
TBUOS 
THALF 

TILES(il 
TWOPI 
X0 

XP 
Y0 

yp 

Month 
Percent value of BUOS(i) 
Radius of circle 
Angle value line to be drawn 
Angle value of the next li n e 
Total of all the BUDS(il ' s 
Angle halfway between Tl and T0 (used for 
location Position for section number> 
Paint stYle for each sectio n 
Two times the value of Pi 
X-coordinate for drawing the line represe nt ed 
by T0 
X-coordinate for Painting a section 
Y-coordinate for drawing the li n e represented 
b Y T0 
Y-coordinate for Painting a sectio n 

620 ' Set initial values 
630 ' 
640 CLEAR 1000 ' 10-JAN-84 
650 DIM THALF < 1S l ,BUDS( 15> ,ACCT$ ( 15) ,PER< 16) 
660 TWOPI=2•3,14159 
670 R=180 
680 
690 
700 
710 
720 
740 
750 
760 
770 

DSS= " S" 
ACCTS<ll 
ACCT$(2l 
ACCTSC3l 
ACCTSC4l 
ACCTS <5> 
ACCTSC6l 
ACCTSC7l 
ACCT$ (8l 

= 
= 
= 
= 
= 
= 
= 
= 

"Sales " 
"Purchasing" 
"R&D 
" Acco1Jn ting" 
"Advertising II 

"Utilities 
"Securit y II 

"Expansion" 
780 TILES(0l=CHRSC&H22l+CHR$(&H0) 
790 TILE$(1l=CHRS(&HFF l +CHR$C&H0 ) 
800 TILE$(2l=CHRSC&H99)+CHRSC&H66l 
810 TILE$(3l=CHRS(&H99l 
820 TILE$(4l=CHRS(&HFF l 
830 TILE$(5l=CHR$(&HF0)+CHRSC&HF0l+CHRS(&HFl+CHRS(&HF> 
840 TILESC6l=CHRS(&H3Cl+CHRS<H3Cl+CHRS<&HFFl 
850 TILESC7l=CHRS ( &H3l+CHRS<&HCl+CHRS<&H30l+CHRS ( &HC0l 
860 ' 
870 ' Enter values to be graphed, standardize them, an d calculate 
880 ' the Percent the y represent 
890 ' 
900 CLR 
910 CLS 
920 SCREEN 
930 PRINT @80 ," Enter month " 
940 PRINT @240, " Enter amount spe nt b y " 
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950 PRINT @320,"S " 
980 PRINT @0, '"' 
970 LINE INPUT "Enter month "lMNS 
980 FOR 1=1 TO 8 
990 PRINT @285,ACCTSClll" 
1000 PRINT @320,"$ " 
1010 PRINT @2a0,"" 
1020 LINE INPUT "$";BUDSCII 
1030 IF INSTRCBUDSCil,","l =0 THEN BUDS(ll=BUD$Cll+",00" 
10a0 IF LENCBUD$Clll <9 THEN BUD$Cll= " "+BUDSCll:GOTO 101'.10 
1050 TBUD$=STRSCVAL(TBUDSl+VAL(BUD$Cl)I) 
1080 NE XT I 
1070 IF INSTRCTBUDS,","1=0 THEN TBUDS=TBUDS+",00" 
1080 IF LENCTBUDSl <S THEN TBUD$=" "+TBUDS:GOTO 1080 
1090 FOR I=l TO 8 
1100 PERCil=VALCBUD$(lll/VALCTBUDSl*100 
1110 NEXT I 
1120 SCREEN 0 
1130 ' 
11a0 ' Draw the circle and calculate the location of the lines and 
1150 ' the line n umbers 
1180 ' 
1170 CIRCLE<a2s,1201 ,R 
1180 FOR 1=0 TO 8 
1190 T0=TWOPI/100*PERCil=T0 
1200 X0=a25+R*COSCT0l 
1210 Y0=120-R*SINCT01*,S 
1220 T1=TWOPI/100*PERCI+11+T0 
1230 THALFCil=CT0+T11/2 
12a0 HXCOL=(a25+R*1,1S*COS(THALF(l)))-10 
1250 HYRW=INTC120-R*1,1S*SIN(THALF(lll*,5) 
1280 IF PER<I> >l THEN LINE ca25,120)-( X0, Y0 ) 
1270 GLOCATE ( HXCOL ,HYRW > ,0 
1280 IF I <B and PERCI+11 >1 THEN PRINT •-3,1+1 
1290 NE XT I 
1300 ' 
1310 ' Paint the aPProPriate sections of the Pie 
1320 ' 
1330 FOR 1=0 TO 7 
13aO XP=a2S+R*,5*COS(THALF(l) 
1350 YP=1 20 -R*,S*SINCTHALF!l ll *,5 
1380 IF PERCI+11 <=1 THEN 1380 
1370 PAINT CXP,YP>,TILE$(ll,1 
1380 NE XT I 
1390 ' 
1400 ' Print t h e Ke Y for the ~raPh 
1a10 ' 
1420 GLOCATE(0,101 ,0 
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1430 PRINT •-3, " E x Pe n ditures f o r " 
1440 GLOCATE C0 ,25 ) ,0 
1450 PRINT •-3,MN$ 
1460 GLDCATE C0 ,40 ) ,0 
1470 PRINT • - 3,"• DescriPtion 
1480 FDR 1=1 TD 8 
1490 GLOCATE(0,C4+1)*15) ,0 
1500 PRINT •-3,I 
1510 GLOCATE<40,C4+1 ) *15) ,0 
1520 PRINT •-3,ACCT$Cl) 
1530 GLDCATE C 130 ,C 1+4 ) *15 ) ,0 
1540 PRINT •-3,DS$iBUD$ ( 1) 
1550 OS$=" " 
1560 NEXT I 
1570 GLDCATEC0,195),0 
1580 PRINT • -3,S TRING$ C26, " -") 
1590 GLOCATEC40,210) ,0 
1600 PRINT •-3,"Total 
1610 FOR 1=1 TO 10000 
1620 NE XT I 
1630 SCREEN 1 
1640 END 

II i TBUD$ 

A111o unt" 
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10 ' "THREEDEE/GRA" 
20 ' 
30 ' Object 
a0 ' The object of this Program is to Produce a three 
50 ' dimensional bar graPh rePresentation of the gross 
60 ' income for a comPan Y over a o n e Year Period, 
70 ' 
80 I Var iables 
90 I A Vertical alPhanumer ic character 
100 I BMSG$ Bottom message 
110 I CHAR$ Disk f i 1 e inPut fie 1 d 
120 I GI$ Gross income 
130 I I Counter 
1a0 I J Counter 
150 I MN$ Month 
160 I REC Record number of vertical character 
170 I SU Single ch arac t er of vertical message 
180 I TILE$ Ti 1 e Pattern fo r Painting 
190 I TT INC Total income for the Yea r 
200 I X X-coordinate of bar 
210 I y ( i ) Y-coordinate of bar 
220 I 

230 'In Put/outPut 
2a0 ' The Program PromPts You to enter the gross income, in millions, 
250 ' for each month, The Program requires these v alues to be between on@ 
260 'and nine, 
270 ' 
280 'Set initial va lues 
290 ' 
300 CLS 
310 DIM Y( 12> ,A<8> ,MN$(12> 
320 DEFINT A 
330 VMSG$=" Millions of dollars " 
3a0 TMSG$="G r o s s I n c om e F o r 1 9 8 3 " 
350 BMSG$="M on t h" 
360 MNSC 1)= Januar y " 
370 MN$(2)= Februar y " 
380 MN$(3 ) = March" 
390 MNS(a)= APril" 
a00 MN$ ( 5)= Ma y " 
a10 MNS<6 >= J un e" 
a20 MN$ (7)= Jul y " 
a30 MNS(8)= August" 
aa0 MNS<9>= September" 
as0 MN$(10)="Dctober" 
a60 MN$ ( 11) ="No v ember" 
a70 MNS <12)="December" 
a00 TILES=CHR$(&H99 ) +CHR$(&H66) 
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480 X=-10 
500 ' 
510 ' lnPut gross income, and calculate the Y-coordinate 
520 ' 
530 FOR 1=1 TO 12 
540 CLS 
550 PRINT "Enter gross income in millions (1-8) for ";MN$(1) 
560 LINE INPUT "$";GI$ 
570 Y(ll=205-20*VAL(Gl$l 
580 TTINC=TTINC+VAL(Gl$l 
580 NEXT I 
600 CLR 
610 SCREEN 0 
620 ' 
630 'Draw the graPh and bars 
640 ' 
650 FOR 1=1 TO 12 
660 CLS 
670 X=X+50 
680 LINE (X,Y<Ill-(X+20,205lt1,6F 
680 LINE -<X+40,185l 
700 LINE -(X+40,Y(ll-10l 
710 LINE -(X+20,Y<Il-10l 
720 LINE -<X,Y(lll 
730 LINE <X+20,Y(lll-(X+40,YCll-10l 
740 PAINT(X+21 ,Y< I l+2l ,TILE$ t1 
750 NEXT I 
760 GLOCATE<40 ,215) ,0 
770 PRINT •-3,"Jan Feb Mar APr MaY June July Aug SePt Oct Nov Dec" 
780 GLOCATE < 280,230 l ,0 
780 PRINT •-3,6MSG$ 
800 FOR 1=1 TD 10 
810 IF 1 ) 8 THEN C=1 ELSE C=2 
820 GLOCATE«C*10l-5,<20-1*2l*10l ,0 
830 PRINT •-3,STR$(IJ;"-" 
840 NEXT I 
850 LINE (35,0)-(35,205) 
860 LINE -(638,205) 
870 GLDCATE<0 ,180) ,3 
880 PRINT •-3,VMSG$ 
880 GLDCATE<220,0l ,0 
800 PRINT •-3,TMSG$ 
810 GLDCATE<260 ,10) ,0 
820 PRINT •-3,"(Total income is";TTINC:" million)" 
830 FOR 1=1 TO 10000 
840 NEXT I 
850 SCREEN 1 
860 END 
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Printing Graphics Displays 
There are many ways to use the stand-alone util ities (described in Graphic Utilities). The following discussion 
demonstrates one way to use the utilities with graphic displays generated under BASICG. 

To print graphics, fo llow these steps: 

I. When TRSDOS Ready appears, set FORMS to allow 255 characters per line and 60 lines per page. (See your 
Model 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 , run and save your program as a BASICG program file. 

4 . Save the graphics memory to diskette using GSA VE. 

5. Load the file into memory using GLOAD. 

6. Enter ihe print command GPRINT. 

Example 

I . Set FORMS with your printer's printing parameters . 

2. Load BASICG and type in this program: 

5 SCREEN 0 
10 DEFDBL Y 
20 CLR 
30 LINE <0, 120l - <Ba0,1 20l 
a0 LINE (320,0)-( 320, 2a0) 
50 FOR X=0 TD sa0 
80 PI=3,1a1 25 9 
70 X1= X/Ba0•2•PI-PI 
80 Y=SINCX1l•100 
90 IF Y>100 THEN X=X+7 

100 PSET <X, -Y +120l 
110 NEXT X 
120 GLOCATEC0,0l ,0 
130 PRINT #- 3 , "THIS IS A SINE WAVE , " 

3. RUN the program. 

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

4. SINE (for sine wave) is the name we are giving this TRSDOS file. To save the contents of the graphics memory 
(which now includes the converted video memory) to diskette, type: SYSTEM" GS AVE SI NE" (E8ll8). 

5. The graphics memory is saved as a TRSDOS file on your diskette. 

6. Exit BASIC by typing: SYSTEM C£BllB) 
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7. Type: GCLS CESilB) 

The graphics memory is now cleared. 

8. To load the file back into memory, type: 

GLOA D SI NE (EllEID 

The display is now on the Graphics Screen. 

9. To print , type: GP R I NT CEJilEID. 

FORTRAN Sample Programs 

,,11, C HIGH RESOLUTION GRAPHICS 
,,2,, C 
Sfl3IS CALL GRPINICI> 

''"' CALL SCREEN(I) 
SSSIS C 
S/1611 C CIRCLE TEST 
,,1,, C 
11ass CALL CTEST 
119/II C 
Ill/I/I C LINE TEST 
111,, C 
,12,11 CALL LTEST 
,13,, C 
,1,11 C LINEB TEST 
Bl5SI C 
,16,, CALL LBTST 
1111, C 
llBJI C LINEBF TEST 
11911 C 
,2,,1 CALL LBFTST 
121,, C 
122,, C PAINTT TEST 
l23JI C 
J24/I/I CALL PTTTST 
12s11 C 
12611 C GET AND PUT TEST 
12111 C 
l2BII CALL GPTST 
12911 C 
13111 C PS ET/POINT TEST 
13111 C 
1321, CALL PPTST 
13311 C 
13411 C PRESET/ POINT TEST 
S35IJ C 
13611 CALL PRETST 
,3111 C 
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ll38IIJ C 
ll39JII c 
J4IIJJ 
ll41JJ c 
J42JJ C 
16431611 C 
114 41111 
ll45IIJ 
16461111 

SCREEN TEST 

CALL SCRTST 

VIEW/ FVIEW TEST 

CALL VTEST 
CALL CLS(2) 
END 
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lflUHf 
flfl2Sfl C 
113111 C 
111411 C 
1111511 
116111 
ll1SI 
11811 1111 
111911 
11111 
111111 
11211 
111311 
114111 
115.SI 
11611 
117.SI 
ll8IS 
11911 
12111 
121111 
12211 
112311 
12411 1 
125111 
1126111 
121111 
12811 
11291111 111 
l3S1II C 
131111 C 
1321111 C 
13311 
13411 
135111 
13611 
13711 
13811 11 
139111 
114111 
14111 
114211 

SUBROUTINE CTEST 

THIS SUBROUTINE TESTS CIRCLE, SETXY, AND PAINT 

LOGICAL MSGC29) 
CALL CLS 
ENCODECMSG,11111> 
FORMAT( 'TEST CIRCLE, SETXY, AND PAINT') 
CALL SETXY(l,S> 
CALL LOCATE(I) 
CALL GPRINT(29,MSG) 
CALL WAIT 
CALL VIEWCl,31,639,239,S,S> 
00 ll I•l,1111 
IX•MODCI*l7,64f) 
IY:aMOD ( 1*13, 211) 
IR•I*l.5 
START•MOD(I,13)-6.f 
END•MOD(I*3,13)-6.I 
IF (START.LT.ENO) GOTO 1 
T-START 
START-END 
ENO-T 
CONTINUE 
RATIO•MODCI*3,ll11> 
IF CRATIO.GT.f) RATIO•RATI0/41. 
CALL SETXY(IX,IY) 
CALL CIRCLECIR,l,START,ENO,RATIO) 
CONTINUE 

RANDOMLY FILL IN THE AREAS 

00 11 l•l,51 
IX•MOD(I*23,64f) 
IY=MOD ( I* 11,211) 
CALL SETXY(IX,IY) 
CALL PAINT(l,1) 
CONTINUE 
CALL WAIT 
CALL VIEWCl,,S,639,239,-1,-1) 
RETURN 
END 
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SUBROUTINE LTEST 
C 
C THIS ROUTINE EXERCISES LINE 
C 

LOGICAL MSG <19) 
CALL CLS <S) 
ENCODE (MSG, lfl) 

lfl FORMAT('LINE AND PAINT TEST') 
CALL SETXY<f,S> 
CALL LOCATECI) 
CALL GPRINT(l9,MSGl 
CALL WAIT 
J=lll 
00 ll I•l,639,2 
CALL SETXY(I,15) 
CALL SETXY(I,239) 
CALL LINE(l,Jl 
J=J-1 

lf CONTINUE 
CALL WAIT 
CALL VIEW(l,15,639,239,S,S> 
CALL CLS 

C 
C DRAW WHITE LINES AND FILL IN RANDOMLY 
C 

IX•MOD(I*l9,639) 
IY•MODCI*l7,223) 
CALL SETXY(IX,IY) 
00 11 I:zl, lfl 
IX=MOD(I*23,639) 
IY=MOD(I*29,223l 
CALL SETXY(IX,IY) 
CALL LINE<l,-1) 

11 CONTINUE 
00 12 I•l,5S 
IX•MOD(I*31,639) 
IY•MODCI*37,223) 
CALL SETXY(IX,IY) 
CALL PAINT(l,l) 

12 CONTINUE 
CALL WAIT 

C 
C WHITE OUT SCREEN, DRAW BLACK LINES, PAINT BLACK RANDOMLY 
C 

CALL VIEW(f,15,639,239,1,ll 
00 15 I•l,lff 
IX•MODCI*ll,639) 
IY•MOD(I*l3,223) 
CALL SETXY(IX,IYl 
CALL LINE(f,-1) 

15 CONTINUE 
00 16 I•l,5f 
IX•MOD(I*17,639) 
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IY•MODCI*l9,223) 
CALL SETXY(IX,IY) 
CALL PAINTCS,S> 
CONTINUE 
CALL WAIT 
CALL VIEW<S,S,639,239,S,S> 
RETURN 
END 
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,,1,, 
,,211 C 
ll3IJ C 
1,,,1 C 
IISJI 
11611 
11111 
,,s,1 111 
IJ9II 
11,,, 
lllJI 
Jl2JI 
ll3JJ 
,1,,, 
11511 
ll6IJ 
1111, 
ns,, 
ll9JJ 
,21,, 
,211, 
122,, 1, 
g23gg 
12,,, 
J2SIJ 

SUBROUTINE LBFTST 

LINEBF TEST 

LOGICAL MSG(ll) 
CALL CLS 
ENCODE(MSG,lJJl 
FORMAT( 'LINEBF TEST') 
CALL SETXY(J,I> 
CALL LOCATE<S> 
CALL GPRINT(ll,MSG) 
CALL WAIT 
IXP•639 
ICLR•l 
DO lf IX•,8,12S 
CALL SETXY(IX*2,IX+3Jl 
CALL SETXY(IXP,IXP-4JS> 
CALL LINEBF(ICLR) 
IXP.IXP-3 
ICLR•ICLR-1 
IF (ICLR.LT.,8) ICLR•l 
CONTINUE 
CALL WAIT 
RETURN 
END 
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,,1,, 
,,21, C 
11311 C ,,,,, C ,,s,, 
Sl6SS 
SS1SS C 
SS8SI 
Sl9SI 
SlSIS C 
SllSS 
s12,, C 
Sl3SS 
Sl4SS 
Sl5SS C 
Sl6SS 
s11ss 
S18SS C 
Sl9SS 
s2sss 
S2lSS C 
122ss 
S23SS C 
S24SS 
S25SS C 
S26SS 
s21ss C 
l28SS 
S29SS C 
S3SSS 
snss C 
S32SS 
S33SS C 
l34SS 
S35SS C 
S36SS 
S31SS C 
S38SS 
S39SS ,,,,, C 
suss 
S42SS C 
S43SS 
S44SS 
S45SS 
S46SS 
S41SS 
f48SS 
S49SS ,s,,, lfjJ 
S51SS 
J52SS 
S53SS 

SUBROUTINE PTTTST 

PAINT WITH TILES TEST 

LOGICAL A(65),B(4),ISC16),MSGC23) 
DATA A ( 1) /8/ 
X 
DATA A(2),A(3),A(4),A(5)/X'41',X'22',X'l4',X'l8'/ 
DATA A C 6 > , A ( 7 > , A C 8 > , A C 9 ) /X ' 14 ' , X ' 2 2 ' , X • 41 • , X ' f S • / 
FINE HORIZONTAL LINES 
DATA A(ljJ),A(ll),AC12)/2,X'FF',X'fl'/ 
MEDIUM HORIZONTAL LINES 
DATA AC13)/4/ 
DATA A(l4),A(l5),A(l6),A(l7l/X'FF',X'FF',X'ff',X'ff'/ 
DIAGONAL LINES 
DATA AC18)/4/ 
DATA AC19l,AC2fl,AC21),A(22l/X'f3',X'fC',X'3f',X'Cf'/ 
LEFT TO RIGHT DIAGONALS 
DATA A(23)/4/ 
DATA AC24),AC25l,AC26),A(27)/X'Cf',X'3f',X'fC',X'jJ3'/ 
FINE VERTICAL LINES 
DATA A(28),A(29)/l,X'AA'/ 
MEDIUM VERTICAL LINES 
DATA A(3f),A(31)/l,X'CC'/ 
COARSE VERTICAL LINES 
DATA A(32),A(33)/1,X'FS'/ 
ONE PIXEL DOTS 
DATA A(34),A(35),A(36)/2,X'22',X'jJf'/ 
TWO PIXEL DOTS 
DATA A(37),A(38),A(39l/2,X'99',X'66'/ 
PLUSES 
DATA A(4jJ),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(Sf)/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 A(57),A(58),A(59)/2,X'55',X'AA'/ 
DATA B(l),BC2),B(3),B(4)/l,S,1,X'FF'/ 
DAT A IS Cl l , IS ( 2 ) , IS ( 3 ) , IS ( 4 ) , IS ( 5 ) , IS ( 6 ) / 1 , 1 jJ , 13 , 18 , 2 3 , 2 8 / 
DATA IS(7),IS(8),IS(9),IS(lf),IS(lll/3S,32,34,37,4f/ 
DATA ISC12),IS(l3),ISC14l,IS(l5l,IS(l6) / 44,46,5S,54,57/ 
CALL CLS 
ENCODE(MSG,ljJf) 
FORMAT( 'PAINTT AND SETXYR TESTS') 
CALL SETXY(f,S> 
CALL LOCATE(J) 
CALL GPRINT(23,MSG) 
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Appendix D/ Sample Programs 

S54SS CALL WAIT 
JSSSJ C 
S56SS C PAINT ON A BLACK BACKGROUND 
Js7SS C 
SS8jJJ 00 lS I•l,16 
jJS9JjJ CALL SETXY(J,4J) 
S6SJJ CALL SETXYR(639,199) 
J6ljJJ CALL LINEB(l,-1) 
J62JS CALL SETXYR(-3SS,-1SS> 
S63SS ITMP=IS(I) 
J64SS CALL PAINTT(A(ITMP),l,B) 
l165Jl1 CALL WAIT 
S6611S CALL VIEW(f,411,639,239,S,S> 
J67SS CALL VIEW(S,S,639,239,-l,-ll 
J68SS 1g CONTINUE 
S69SS C 
S7SSJ C PAINT ON A WHITE BACKGROUND 
sns, C 
S72JS 00 11 I=-1, 16 
J73SJ IF(I.EQ.12) GOTO 11 
J74SS CALL VIEW(S,4J,639,239,S,f> 
f75SJ CALL VIEW(jJ,jJ,639,239,-1,-l> 
J76SS CALL SETXY(J,4jJ) 
s11ss CALL SETXYR(639,199) 
S78JJ CALL LINEBF(l) 
S79JJ CALL SETXYRC-3fS,-lSS> 
sass, ITMPsIS(I) 
sa1Jg CALL PAINTT(A(ITMP),jJ,B(3)) 
J82fS CALL WAIT 
S83SS 11 CONTINUE 
S84SS RETURN 
J8SJS END 

111 



-------Model 4 Computer Graphics-------

JJlJJ 
JJ2JJ C 
JJ3JJ C 
JJ4JJ C ,,s,, 
JJ6JJ ,,,,, 
JJBJJ lJJ 
JJ9JJ 
SlJSJ 
JllJJ 
Jl2JJ 
Jl3SJ 
.814JJ 
Jl5JJ 
Sl6SJ 
Sl7JJ 
JlBJJ 
S19JJ 
S2JJJ 
l21JJ 
J22JS 
J23JJ 
J24JJ 

SUBROUTINE GPTST 

GET AND PUT TEST 

LOGICAL A(lJJJ),MSG(l6) 
CALL CLS 
ENCODE(MSG,lJJ) 
FORMAT( 'GET AND PUT TEST') 
CALL SETXY(J,J> 
CALL LOCATE(J) 
CALL GPRINT(l6,MSG) 
CALL VIEW(J,3J,639,239,S,S> 
CALL SETXY(lJJ,lJJ> 
CALL SETXYR(3J,3J) 
CALL LINEBF(l) 
CALL GET(A,lJJJ) 
CALL CLS 
CALL WAIT 
CALL SETXY(lJJ,lJJ> 
CALL PUT(A,l) 
CALL WAIT 
CALL VIEW(J,S,639,239,f,-l) 
RETURN 
END 
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Sfllflfl 
SfJ2SfJ c 
flfJ3fJS C 
SS4Sfl c 
flflSSfl 
Sfl6Sfl 
Sfl7Sfl 
SfJ8fJfl lSfl 
SS9flS 
SlflSfl 
SllfJS 
112,, 
Sl3SS 
.'114Sfl C 
SlSflfl C 
Sl6flS c 
s11ss 
Sl8SS 
Sl9SS 
S2SSS 
S21Sfl 
fl22SS 
S23flfl 11 
S24SS lS 
S25Sfl c 
S26Sfl c 
s21ss c 
128111 
S29flS 
S3SSfl 
S3lflfJ 
S32Sfl 
S33SS 
fl34SS 13 
S3SSS 12 
S36SS 
S31SS 
f38SS lfll 
S39SS 
S4SSS 
suss 
S42SS 
suss 999 
suss 
14511 112 
S46IS 
f47Sfl 
S48SI 
l49flfl llfll 
SsflSfl 
fl51SS 

SUBROUTINE PPTST 

PSET AND POINT TEST 

LOGICAL POINT,MSG(21) 
CALL CLS 
ENCODE(MSG,lfJfJ> 
FORMAT('PSET AND POINT TEST') 
CALL SETXY(fJ,S> 
CALL LOCATE(f) 
CALL GPRINT(l9,MSG) 
CALL WAIT 
CALL CLS 

SET AND CHECK ALL PIXELS 

00 ll Inf,639 
oo 11 J•S, 239 
CALL SETXY(I,J) 
CALL PSET( 1) 
K==POINT(L) 
IF(K.EQ.jJ) GOTO 999 
CONTINUE 
CONTINUE 

RESET AND CHECK ALL PIXELS 

00 12 I•S,639 
oo 13 J•S,239 
CALL SETXY(I,J) 
CALL PSET<S> 
K•POINT(L) 
IF (K.EQ,l) GOTO 999 
CONTINUE 
CONTINUE 
CALL CLS 
ENCODE C MSG, lfJl) 
FORMAT( 1 PSET AND POINT PASSED 1 ) 

CALL SETXY(fJ,S> 
CALL LOCATE(fJ) 
CALL GPRINT(21,MSG) 
GOTO lSSfl 
CALL CLS 
ENCODE (MSG, 112) 
FORMAT('PSET AND POINT FAILED') 
CALL SETXY(fJ,f) 
CALL LOCATE(S> 
CALL GPRINT(21,MSGl 
CALL WAIT 
RETURN 
END 
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,,1,, 
Jf2SJ C 
SJ3BB c 
SB4SS c ,,s,, 
Sfl6SS ss1ss 
SflBSS lflS 
SS9SS 
111,, 
suss 
s12ss 
Jl3SJ 
Sl4SJ c 
Sl5SS c 
Sl6SS c 
s11s, 
s1ass 
Sl9JJ 
s2ss, 
121,, s22s, 
J23JJ ll 
S24SS 1g 
S25Sfl C 
fl26Sfl C s21s, c 
S28Sfl 
12911 
S3flSI 
fl31SI 
S32lfl 
13311 
l34SI 13 
l35Sfl 12 
S36SI 
l31SI 
S38SS 111 
S39SB ,.,,, ,us, 
S42SS 
g43gg 999 ,us, 
S45II 112 
S46SI 
J47SJ 
l48SS 
S49II 1111 
sssss ,s1ss 

SUBROUTINE PRETST 

PRESET AND POINT TEST 

LOGICAL POINT,MSG(23) 
CALL CLS 
ENCODE (MSG, UJfJ) 
FORMAT ( 'PRESET AND POINT TEST' ) 
CALL SETXY Of ,S) 
CALL LOCATE(J) 
CALL GPRINT(23,MSG) 
CALL WAIT 
CALL CLS 

SET AND CHECK ALL PIXELS 

00 lfl I=J,639 
oo 11 J=S,239 
CALL SETXY(I,Jl 
CALL PRESET(l) 
K• POINT(L) 
IF(K.EQ . jf) GOTO 999 
CONTINUE 
CONTINUE 

RESET AND CHECK ALL PIXELS 

00 12 I•S,639 
oo 13 J 2 S,239 
CALL SETXY(I,J) 
CALL PRESET(fl 
K=POINT(L) 
IF (K.EQ.l) GOTO 999 
CONTINUE 
CONTINUE 
CALL CLS 
ENCODE( MSG, un) 
FORMAT( 'PRESET AND POINT PASSED') 
CALL SETXY(S,Sl 
CALL LOCATE(S> 
CALL GPRINT(23,MSG) 
GOTO lflJI 
CALL CLS 
ENCODE (MSG, UJ2 ) 
FORMAT( 'PRESET AND POINT FAILED') 
CALL SETXY<S,Sl 
CALL LOCATE(J) 
CALL GPRINT(23,MSG) 
CALL WAIT 
RETURN 
END 
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Appendix 0/ Sample Programs 

,,1,1 SUBROUTINE SCRTST 
11211 C 
11311 C SCREEN TEST 
11411 C 
11511 LOGICAL MSG ( 11) 
11611 CALL CLS 
11111 ENCODE(MSG,lllll 
s1a11 11, FORMAT('SCREEN TEST') 
11911 CALL SETXY(l,I> 
Slllll CALL LOCATE(I> 
1111, CALL GPRINT(ll,MSG) 
1121, CALL WAIT 
Jl3IJ CALL SETXY(3fl,12Jl 
Sl4JJ CALL CIRCLE(llll,l,J.J,6.28,J.5l 
JlSJI CALL CIRCLE(llf,1,J.J,6 . 28,J.25) 
Jl6JS CALL CIRCLE(SJ,l,S.J,6 . 28,J.5) 
J17JS CALL PAINT(l,1) 
11811 C 
Sl9II C GRAPHICS SCREEN 
1211, C 
1211, CALL SCREEN(Sl 
1221, CALL WAIT 
S23II CALL WAIT 
12411 CALL WAIT 
12s,, C 
12611 C TEXT SCREEN 
121,, C 
12811 CALL SCREEN(!) 
l29lll CALL WAIT 
l3llll CALL WAIT 
l3llll CALL WAIT 
13211 C 
13311 C GRAPHICS SCREEN 
S34lll C 
13511 CALL SCREEN(I) 
13611 CALL WAIT 
13711 CALL WAIT 
13811 CALL WAIT 
13911 RETURN 
,,111 END 
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,,1,, SUBROUTINE VTEST 
,,2,, C 
Sl3SI C VIEW AND FVIEW TEST ,,.,, C ,,s,, INTEGER FVIEW 
JS6Jf LOGICAL MSG ( 19) ,,1,, CALL CLS 
,,ass ENCODE(MSG,lff> 
Sl9II 1,, FORMAT( 'VIEW AND FVIEW TEST' ) 11,,, CALL SETXY(J,S> 
111,, CALL LOCATE(J) 
11211 CALL GPRINT(l9,MSG) 
Jl3SJ CALL WAIT 
IHSJ C 
JlSJf C DRAW VIEWPORT AND CIRCLES 
fl6JJ C 
,11,, CALL VIEW(J,41,639,239,S,l) 
118'61 CALL OCIRCL(l) 
Jl9JJ C 
s2s1ii C DRAW VIEWPORT AND LINES 
S2lfl C 
12211 CALL VIEW(2f,Sl,619,229,1,S> 
12311 CALL DLINE(I) 
12411 C 
S25IS C DRAW VIEWPORT AND CIRCLES 
S26IS C 
s21s1 CALL VIEWC4S,6J,599,2J9,S,S> 
S28SS CALL OCIRCL (l) 
S29SI C 
S3SSI C DRAW VIEWPORT AND LINES 
snss C 
f32Jf CALL VIEW(6S,7f,579,199,l,1) 
S33SS CALL DLINE(Jl 
l34JI C 
f3SSS C CLEAR SCREEN 
l36Sf C 
S31SS IXl•FVIEW(fl 
S38SS IYl•FVIEW(l l 
S39SS IX2•PVIEW(2) 
S4SSS IY2•PVIEW(3) 
S41SS CALL VIEW(6f-IX1,7J-IY1,6S+IX2,4f+IY2,S,ll 
14211 CALL CLS 
f43ff RETURN 
suss ENO 
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S45SS 
S46SS 
S47SS 
S48SS 
S49JS lS 
issss 
S51SS gs2ss 
S53Sf 
S54SJ 
sssss 
S56SS 
S51SS 
ssass 11 
S59SS 
S6SSS 
S61SS 

SUBROUTINE DCIRCL(ICLR) 
CALL SETXYClSJ,lSJ> 
00 lS I•5,3JJ,5 
CALL CIRCLE(I,ICLR,S.f,6.28,S.5> 
CONTINUE 
CALL WAIT 
RETURN 
END 

SUBROUTINE DLINE(ICLR) 
00 11 I•2,2fJfJ,4 
CALL SETXYC-lS,-lS> 
CALL SETXY(I+2Jf,I) 
CALL LINE(ICLR,-1) 
CONTINUE 
CALL WAIT 
RETURN 
END 
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SUBROUTINE WAIT 

THIS SUBROUTINE INTRODUCES A TIME DELAY 

DO 11 J • l, 211 
DO 111 I=l, 111111111 
CONTINUE 
CONTINUE 
RETURN 
END 
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Appendix E/ Base Conversion Chart 

Appendix E/ Base Conversion Chart 

DEC, HEX, BINAR Y DEC, HE X, BINAR Y 
-------- -- ------- ---- --- -- --------- -------

0 00 00000000 ll0 28 00101000 
01 00000001 ll 1 29 00101001 

2 02 00000010 ll2 2A 00101010 
3 03 00000011 ll3 213 00101011 
ll 0ll 00000100 ll ll 2C 00101100 
5 05 00000101 ll5 2D 00101101 
6 06 00000110 ll6 2 E 00101110 
7 07 00000111 ll 7 2F 00101111 
8 08 00001000 ll8 30 00110000 
9 09 00001001 ll 9 31 00110001 

10 0A 00001010 50 32 00110010 
1 1 013 00001011 51 33 00110011 
12 0C 00001100 52 3ll 00110100 
13 0D 00001101 53 35 00110101 
1 ll 0E 00001110 5ll 36 00110110 
15 0F 00001111 55 37 00110111 
16 10 00010000 56 38 00111000 
17 1 1 00010001 57 39 00111001 
18 12 00010010 58 3A 00111010 
19 13 00010011 59 3 El 00111011 
20 1 ll 00010100 60 3C 00111100 
21 15 00010101 61 3D 00111101 ,, ,, ...... 16 00010110 62 3E 00111110 
23 17 00010111 63 3F 00111111 
2ll 18 00011000 6ll a 0 01000000 
25 19 00011001 65 a 1 01000001 
26 1A 00011010 66 a2 01000010 
27 1B 00011011 67 lJ3 0100001 1 
28 lC 00011100 68 lJ ll 01000100 
29 lD 00011101 69 ll5 01000101 
30 lE 00011110 70 llS 01000110 
31 lF 00011111 71 a 7 01 000111 
32 20 00100000 72 48 0100 1000 
33 2 1 00 10000 1 73 a 9 0100 100 1 
3ll 22 00100010 7 lJ C.A 0100 1010 
35 2 3 00100011 75 a El 0100 1011 
36 2ll 00100100 76 ac 0100 1100 
37 25 00100101 77 aD 0100 1 10 1 
38 26 00100110 78 a E 0100 11 10 
39 27 00100111 79 llF 0 1 001111 
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Model 4 Computer Graphics 

DEC, HE X, BINARY DEC, HEX, BINAR Y 
--------------------- -------------------- -

80 50 01010000 120 78 01111000 
81 51 01010001 12 1 79 01111001 
82 52 01010010 122 7A 01111010 
83 53 01010011 123 78 01111011 
Bll 5ll 01010100 12ll 7C 01111100 
85 55 01010101 125 7D 01111101 
86 56 01010110 126 7E 01111110 
87 57 01010111 127 7F 01111111 
88 58 01011000 128 80 10000000 
89 59 01011001 129 81 10000001 
90 SA 01011010 130 82 10000010 
91 58 01011011 131 83 10000011 
92 SC 01011100 132 Bll 10000100 
93 SD 01011101 133 85 10000101 
9ll SE 01011110 13ll 86 10000110 
95 SF 01011111 135 87 10000111 
96 60 01100000 136 88 10001000 
97 61 01100001 137 89 10001001 
98 6 2 01100010 138 BA 1000 1010 
99 63 01100011 139 88 10001011 

100 Sll 01100100 140 BC 10001100 
101 65 01100101 1 ll 1 BD 10001101 
102 66 01100110 1 ll 2 BE 10001110 
103 67 01100111 1 ll 3 BF 1000 1111 
10ll 68 01101000 1 ll 4 90 100 10000 
105 69 01101001 1 ll 5 91 10010001 
106 SA 01101010 148 92 10010010 
107 68 01101011 147 93 10010011 
108 SC 01101100 148 9ll 10010100 
109 SD 01101101 149 95 10010101 
110 SE 01101110 150 96 10010110 
11 1 SF 01101111 151 97 10010111 
112 70 01110000 15 2 98 10011000 
113 71 01110001 15 3 99 10011001 
114 72 01110010 154 9A 10011010 
11 5 73 01110011 155 98 10011011 
116 7 ll 01110100 156 SC 10011100 
11 7 75 01110101 157 9D 10011101 
118 76 01110110 158 SE 10011110 
119 77 01110111 159 SF 10011111 
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Appendix E/ Base Conversion Chart 

DEC, HE X, BINARY DEC, HEX, BINAR Y 

--------------------- ---------------------
160 A0 10100000 200 CB 11001000 
161 Al 10100001 201 cs 11001001 
162 A2 10100010 202 CA 11001010 
163 A3 10100011 203 CB 11001011 
16 ll All 10100100 20ll cc 11001100 
165 AS 10100101 205 CD 11001101 
166 AS 10100110 206 CE 11001110 
167 A7 10100111 207 CF 11001111 
168 AB 10101000 208 00 11010000 
169 AS 10101001 209 01 11010001 
170 AA 10101010 210 02 11010010 
171 AB 10101011 211 03 11010011 
172 AC 10101100 212 Oil 11010100 
173 AD 10101101 2 13 05 11010101 
1 7 ll AE 10101110 21 ll 06 11010110 
175 AF 10101111 215 07 11010111 
176 B0 10110000 216 08 11011000 
177 Bl 10110001 217 09 11011001 
178 B2 10110010 218 DA 11011010 
179 B3 10110011 219 DB 11011011 
180 Bil 10110100 220 DC 11011100 
181 BS 10110101 221 DD 11011101 
182 BS 10110110 222 DE 11011110 
183 B7 10110111 223 OF 11011111 
18ll BB 10111000 22ll E0 11100000 
185 BS 10111001 225 El 11100001 
186 BA 10111010 226 E2 11100010 
187 BB 10111011 227 E3 11100011 
188 BC 10111100 228 Ell 11100100 
189 BO 10111101 229 ES 11100101 
190 BE 10111110 230 EB 11100110 
191 BF 10111111 231 E7 11100111 
192 C0 11000000 232 EB 11101000 
193 Cl 11000001 233 ES 11101001 
19ll C2 11000010 23ll EA 11101010 
195 C3 11000011 235 EB 11101011 
196 Cll 11000100 236 EC 11101100 
197 cs 11000101 237 ED 11101101 
198 cs 11000110 238 EE 11101110 
199 C7 11000111 239 EF 11101111 
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DEC, HE X, BINARY 

2a0 F0 11110000 
24 1 Fl 11110001 
2a2 F2 11110010 
2a3 F3 11110011 
2aa Fa 11110100 
2a5 F5 11110101 
2as FS 11110110 
2a7 F7 11110111 
2aa FB 11111000 
2as FS 11111001 
250 FA 11111010 
251 FB 11111011 
252 FC 11111100 
253 FD 11111101 
25a FE 11111110 
255 FF 11111111 
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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 Illegal Function 
Call error. 

Example (four rows of empty tiles): 

CHR$(&HFFl+CHR$(&HFFl+CHR$(&H00l+CHR$(&H00l+CHR$ ( &H00l+CHR$ ( &H00l 

gives you an Illegal Function Call error. 

I. " X " 

CHR$(&H41l+CHR$(&H 22 l+CHR$(&H14l+CHR$ ( &H08l+CHR$(&H14) 
+CHR$(&H22l+CHR$(&H41l+CHR$(&H00) 

s 1 s s 
g g 1 g 

g g g 1 

s g s s 
g s g 1 

f,J s 1 g 

g 1 g g 

s g g s 

2. "'Fine" horizontal lines 

CHR$ ( &HFF l +CHR$(&H00l 

s 
s 
s 
1 

g 

g 

f,J 

s 

Hex 

s g 1 41 

g 1 g 22 

1 s. g 14 

g s g 08 

1 g g 14 

s 1 s 22 

g g 1 41 

g g g 00 

Decimal 

65 

34 

20 

8 

20 

34 

65 

0 

Hex Decimal 

123 

FF 

00 

255 

0 



------- Model 4 Computer Graphics-------

3. "Medium" horizontal lines 
CHRS(&HFFl+CHRS<&HFFl+CHRS(&H00l+CHRS(&H00) 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

' ' ' ' ' ' ' ' 
' ' • ' ' ' ' ' 

4. Diagonal lines 

(Right to left) 
CHRS(&H03l+CHRS(&H0Cl+CHRS<&H30l+CHRS!&HC0l 

' ' ' ' ' ' 1 1 

' ' ' ' 1 1 ' ' 
' ' 1 l ' ' ' ' 1 1 ' ~ ' ' ' ' 
(Left to right) 
CHRS(&HC0l+CHR$(&H30l+CHR$(&H0Cl+CHRS(&H03) 

1 1 ' ' ' ' ' • 
' • 1 1 • • ' ' 
' • ' ' l 1 ' • 
' ' • • • ' l 1 
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Hex Decimal 

FF 255 

FF 255 

00 0 

00 0 

Hex Decimal 

03 3 

oc 12 

30 48 

co 192 

Hex Decimal 

co 192 

30 48 

oc 12 

03 3 
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5. " Fine" vertical lines 
CHR$ (&c HAA > 

6. "Medium" vertical lines 
CHR$ (&c HCC ) 

7. "Coarse" vertical lines 
CHR$ (&c HF0) 

1 1 1 1 1 1 1 

8. One-pixel dots 
CHR$ (&c H22) +CHR$ ( &cH 00> 

9. Two-pixel dots 
CHR$ (&c H99 )+CHR$ (&c H6 6 ) 

125 

Hex Decimal 

AA 170 

Hex Decimal 

cc 204 

Hex Decimal 

FO 240 

Hex Decimal 

22 

00 

34 

0 

Hex Decimal 

99 

66 

153 

102 
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10. Pluses (" + ") 
CHRS(&H3C>+CHRS(&H3Cl+CHRS(&HFFl 

' ' 1 

' ' 1 

1 1 1 

11. Solid (all pixels ON) 
CHRS(&HFFl 

1 1 1 

1 1 1 

1 1 1 

12. "Broad" cross-hatch 
CHRS(&H92)+CHRS(&H92)+CHRS<&HFF) 

1 ' ' 1 ' ' 1 ' ' 1 • ' 1 1 1 1 1 1 

' ' 
' ' 1 1 

1 ' 1 • 
1 1 

13. "Thick" cross-hatch 
CHRS(&HFF)+CHRS(&HFF>+CHRS(&HDB ) +CHRS(&HDB> 

1 i 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 ' 1 1 ' 1 1 

1 1 ' 1 1 ' 1 1 
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Hex Decimal 

3C 60 

3C 60 

FF 255 

Hex Declmal 

FF 255 

Hex Decimal 

92 146 

92 146 

FF 255 

Hex Decimal 

FF 255 

FF 255 

DB 219 

DB 219 



------Appendix.Fl Pixel Grid Reference------

14. " Fine" cross-hatch 
CHRS(&H82l+CHR$(&HFF) 

15. Alternating pixels 
CHR$(&HSS>+CHR$C&HAA> 

127 

Hex Decimal 

92 

FF 

146 

255 

Hex Decimal 

55 

AA 

85 

170 





------ Appendix G/ Line Style Reference------

Appendix F/ Line Style Reference 

Type Binary Numbers Hex Decimal 
Long dash 000000001111 1111 &HOOFF 255 
Short dash 111100001111 0000 &HF0F0 -3856 
"Short-short" dash 1100 1100 1100 1100 &HCCCC -13108 
Solid line 1111 1111 1111 1111 &HFFFF -1 
OFF/ON 0101 0101 0101 0101 &H5555 21845 
"Wide" dots 0000 1000 0000 1000 &H0808 2056 
"Medium" dots 1000 1000 1000 1000 &H8888 -30584 
"Dot-dash" 1000 1111 1111 1000 &H8FF8 -28680 
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absolute coordinates 40-42.83 
AND 34. 35. 80, 87 
arc 13. 18 
array 19-21. 34. 35. 40. 72-74, 80. 89-90 
array limits 20. 73. 74 
array name 19. 20. 34. 87. 88 
aspect ratio 13. 14. 17. 72 
BASIC 5, 11 , 19. 34-35. 70 
BASICG 7. 11. 12. 28. 33. 34. 35. 69. 97. 103 
BASICG command I I . 13 
BASICG error message~ 89-93 
BASICG functions 12. 13 
binary numbers 24. 27-29. 129 
Carte~ian system 8. 12. 40. 82. 83 
CIRCLE II. 13- 19. 71. 72. 87. 95 
CLR 11. 87 
CLS 71. 87. 95 
communication driver~ 45 
current coordinates 69. 70. 72-73. 82 
DEBUG 45 
DO 73-74, 81. 83 
double-precision 12 
ellipse 5. 17-19. 71. 87 
FORMS 47. 103 
FORTRAN 5. 45. 69-71 , 75. 104. 105 
free memory 11 . 28. 70 
FVIEW 71. 84. 95 
GCLS 45. 48. 87 
GET 11. 19-2 1. 35. 40. 7 1. 72-73. 95 
GLOAD 45. 46. 49. 87-88 
GLOCATE 11. 21. 22. 32. 87-88 
GPRJNT 45. 47. 71. 74. 75. 88. 95 
GPRT 2 45. 48. 88 
GPRT 3 45. 47-48. 88 
graphics board 85. 86 
GRAPHICS ERROR 70. 75 
graphics memory 45-47. 48. 49. 103-104 
graphics utilities 45-49 
GROFF 45. 48. 88 
GRON 
GRPINI 

45. 49. 88 
71. 75. 95 

GRPLIB/REL 69. 70 
GSAVE 45. 49. 88 
hard disk 4 
hex numbers 23. 24. 28-29. 123. 129 
initialization 69-70 
integer 13- 14. 19. 20. 73 
INTEGER 72. 73. 74, 76. 82-83 
integer range 8. 15. 23. 24. 75-76. 89 

Index 
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1/0 port mapping 85 
LINE 11, 23-25. 69. 71. 88. 95 
LINE-CMD 69. 75 
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