
PILOT 





PILOT 
For the Commodore 64 

Copyright 1983, Commodore Electronics, Ltd. 



COPYRICHT 

This software product is copyrighted and all rights reserved by Commodore Electronics Ltd. The distribution and 
sale of this product are intended for the use of the original purchaser only. Lawful users of this program are hereby 
licenced only to read the program, from its medium into memory of a computer, solely for the purpose of ex
ecuting the program. Duplicating, copying, selling or otherwise distributing this product is a violation of the law. 

This manual is copyrighted and all rights are reserved. This document may not, in whole or in part, be copied, 
photocopied, reproduced, translated or reduced to any electronic medium or machine readable form without 
prior consent, in writing, from Commodore Electronics Ltd. 

DISCLAIMER 

COM MODORE ELECTRON ICS LTD. ("COM MODORE") MAKES NO WARRANTI ES, EITH ER EXPRESS OR IM
PLIED, WITH RESPECT TO THE PROGRAM DESCRIBED HEREIN, ITS QUALITY, PERFORMANCE, MERCHAN
TABILITY, OR FITNESS FOR ANY PARTICULAR PURPOSE. THIS PROGRAM IS SOLD "AS IS". THE ENTIRE RISK 
AS TO ITS QUALITY AND PERFORMANCE IS WITH THE BUYER. SHOULD THE PROGRAM PROVE DEFECTIVE 
FOLLOWING ITS PURCHASE, THE BUYER (AND NOTTHE CREATOR OFTHE PROGRAM, COMMODORE, 
THEIR DISTRIBUTORS ORTHEIR RETAILERS) ASSUMES THE ENTIRE COST OF ALL NECESSARY SERVICING, 
REPAIR OR CORRECTION AND ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES. IN NO EVENTWILL 
COMMODORE BE LIABLE FOR DIRECT, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES 
RESULTING FROM ANY DEFECT IN THE PROGRAM EVEN IF IT HAS BEEN ADVISED OF THE POSSIBILITY OF 
SUCH DAMAGES. SOME LAWS DO NOT ALLOW THE EXCLUSION OR LIMITATION OF IMPLIEDWARRAN
TIESOR LIABILITIES FOR INCIDENTALOR CONSEQUENTIAL DAMAGES, SOTHE ABOVE LIMITATION OR 
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PREFACE 

PILOT is an interpretive Computer Assisted Instructional (CAl) language designed for educators. Programs written 
in COMMON PILOT can be run with PILOT for the Commodore 64 without any conversions. However, this version 
of PILOT is the most powerful version available because it fully utilizes the unique features of the Commodore 64. 
These features include the ability to: 

• Define your own characters 

• Create colorful, movable objects called sprites 

• Create music and a variety of sound effects 

PILOT for the Commodore 64 provides educators with a superior instructional tool. With PILOT, educators can 
create (write) their own educational software which combines fun, entertainment, and learning. This manual is a 
tutorial approach to PILOT and provides you with a step-by-step introduction to the capabilities and functions. If 
you are a first time PILOT user, carefully read each chapter in the sequence presented. 

If you are already familiar with PILOT, you may go directly to the summaries listed in the Appendices. However, to 
fully uti lize the power of the Commodore 64, we recommend that you concentrate on the Chapters discussi ng 
PROGRAMMABLE CHARACTERS, SPRITES, and SOUND. 

For those of you who are interested in keeping up on PILOT developments, you may wish to join the PILOT Users' 
Group. The current address for the group is: 

Mr. Larry Kheriaty 
CIO PILOT Users' Group 
Computer Center, Room 334 
Western Washington University 
Bellingham, WA 98225 
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USER CONVENTIONS 

It is recommended that you familiarize yourself with the Commodore keyboard. Here is a brief discussion of cer
tain keys and symbols, and their respective function in reference to the PILOT program and manual. 

RETURN To continue on with the program after a line of input, press the RETURN key. 

SHIFT To input the uppercase convention of a letter, press and hold down the SHIFT key in conjunction with 
the desired key. Both keys should then be released at the same time. 

* Please Note: If you experience any problems with this manual or accompanying software, please contact the 
following: 

Commodore Business Machines 
Commodore Customer Support 

1200 Wilson Drive 
West Chester, PA 19380 
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FILES ON THE RELEASE DISK 

The following files are included on the PILOT diskette: 

PILOT and PILOT.PRG 

PILOTR and PILOTR.PRG 

BOX, ALPHABET, and LA 

SPRITES 

SOUND 

The actual program files of the PILOT system 

The actual program files of the "RUN ONLY" PILOT 
system 

Sample PILOT programs which demonstrate sprites, 
graphics, split screens, and programmable characters 

A sample PILOT program which lets you create and 
display sprites for later use in your PILOT program (See 
the end of Chapter 18 for a description of this program) 

A PILOT program which lets you create and experiment 
with sounds (This program is presented and described 
in Chapter 19) 
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SETTINC UP 

PILOT for the Commodore 64 requires the following pieces of hardware. 

• Commodore 64 Computer 
• Commodore VIC 1541 Disk Drive 
• Standard TV 

Some equipment substitutions may be made. In particular, it is possible to use other Commodore Disk 
Systems with special interface cards (consult your dealer for details) and a color monitor may replace the 
TV. Also, if you plan to use sound with your Commodore 64, you can connect the audio output to a high 
quality sound system or stereo amplifier. Consult Chapter I of The Commodore 64 User's Guide of your 
disk drive manual for connection information. 

Now you are ready to turn on all three pieces of equipment. The red light on the Commodore 64 computer 
lights up. The disk drive light flashes red and then turns green. Once the TV has warmed up, the screen 
displays: 

* * * * COMMODORE 64 BASIC V2 * * * * 
64K RAM SYSTEM 38911 BASIC BYTES FREE 

READY 

There will also be a blinking square, called the "cursor", below the "R" in "READY". If you do not get ex
actly this display, immediately turn everything off, consult the User's Guide (Chapter 1), and repeat each 
step very carefully. If a problem persists, consult your dealer. 

Loading Pilot 
You are now ready to load the Commodore PILOT language into your computer. Insert the PILOT diskette 
into the disk drive (the label should face up and towards the disk drive latch); never touch the actual 
diskette surface). Gently press down the latch on the drive until it pops forward and locks. 

Each line of input must be followed by pressing the RETURN key located on the right hand side of the 
keyboard. Now, input the following: 

LOAD "PILOT",8 RETURN 

If you make an error typing the line, you can backspace using the DEL key and retype the line. While the 
computer is loading PILOT, the screen will show the additional lines: 

SEARCHING THE PILOT 
LOADING 
READY 

The last line appears only when the PILOT program has been loaded successfully. If you get any message 
other than the above, the load was not successful. You should then check for the right diskette and make 
certain that the diskette is centered in its paper cover. Properly insert the diskette in the drive and try 
again. 

To actually start the PILOT system, type: 

RUN RETURN 

After a minute or so of loading, the screen will change to light green. The prompt will indicate that you are 
now using the PILOT system. It is important to remember that when using a computer, the instructions 
you type must be typed EXACTLY as shown . 

. "RUN ONLY" PILOT 
Also included on the PILOT disk is a "run only" version of the PILOT system. This is called "PILOTR". This 
version is identical to PILOT except that programs can only be loaded and run. Therefore, the user can not 
create, edit, print, or save PILOT programs when running PILOTR. 

Loading PILOTR is exactly the same as loading PILOT, except that you must enter the following: 

LOAD "PILOTR",8 RETURN 
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1.0 PILOT Introduction 

Thi3 manual is a tutorial for the PILOT language as implemented on the Commodore 64. We have written 
the manual assuming that the reader is neither a computer expert nor a PILOT expert. Therefore, the 
discussion is detailed and filled with examples. Once you have worked your way through the manual, you 
probably will find the language reference summary (in Appendix II) more useful than this text. Users who 
are already familiar with PILOT may want to go directly to that summary after completing this chapter. 
However, please realize that the Commodore 64 version includes special features for graphics, color and 
sound. Therefore, even previous users may wish to work through the examples in those parts of the 
manual. It may be a good idea to keep a copy of Appendix II with you until you learn all the commands. 

The remainder of this chapter covers the terms used in describing the PILOT language. The PILOT system 
consists of four modes: 

• EDIT - For program creation or editing 

• RUN - For program execution 

• IMMEDIATE - For individual instruction execution 

• COMMAND - For loading, storing, and printing programs 

IMMEDIATE mode is useful when learning the language. It allows you to experiment with some of the 
PILOT instructions; mainly, the output and the computational instructions. COMMAND mode serves as a 
utility to implement the three main modes. To leave any other mode and enter COMMAND mode, simply 
press the STOP key; to enter any of the other three modes, simply enter the first letter of the mode name. 

RUN/STOP E - Enters EDIT mode 
RUN/STOP R - Enters RUN mode 
RUN/STOP I - Enters IMMEDIATE mode 

conventions 
In our discussions of sample PILOT programs, we will make repeated use of the terms "author" and 
"user". The author of a PILOT program is the one who creates and edits the PILOT programs; in many ap
plications the author is the classroom teacher. The users of PILOT programs are those who run the pro
grams; in most applications the users are the students. The author may make heavy use both of EDIT 
mode for entering and editing programs, and of RUN mode for testing those programs. The users may use 
only RUN mode for running the PILOT programs and require no special knowledge. 

PILOT programs consist of sequences of PILOT instructions. Each PILOT instruction consists of several 
parts. First, there is what is called the 'opcode', (an abbreviation for operation code). There are 20 different 
opcodes in the Commodore 64 version of PILOT. The opcode tells the computer what kind of operation to 
perform. Following the opcode there may be one or more modifiers and conditioners. Modifiers change 
some detail of the operation determined by the opcode; conditioners specify whether or not the PILOT in
struction will be executed. Modifiers all consist of a single letter; conditioners consist of a single letter or 
number or of a parenthetical expression which has a truth value. The opcode and the optional modifiers 
and conditioners are separated from the rest of the instruction by a colon (:). The colon must be present in 
every PILOT instruction. The part of the instruction following the colon is called the field. 

For example: 

TS (X < 5): Let's move ahead. 

where: 

T 
S 
(X< 5) 

Let's ... 

is the OpCode 
is the Modifier 
is the Conditioner 
is the Separator 
is the Field 

Remember to press the RETURN key after typing the line. 
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2.0 Typing 

We'll begin teaching PILOT by showing you how to display text on the screen. Let's use IMMEDIATE 
mode to do this. First, make sure that you have your computer in COMMAND mode. COMMAND mode is 
indicated by the prompt 

PILOT: 

at the top of the screen followed by the cursor. If you are not in COMMAND mode, press the RUN/STOP 
key. Next, enter IMMEDIATE mode by pressing the 'I' key. The screen will now show 

IMMEDIATE MODE ... 

with the cursor at the beginning of the following line. Now the computer will execute any PILOT instruc
tion you type in as soon as you press the RETURN key. When you are in IMMEDIATE MODE, all characters 
typed will be in lower case unless you press the SHIFT key. 

Type the following PILOT instruction into your computer. 

T:MY FIRST PILOT PROGRAM IS ONLY ONE INSTRUCTION LONG. 

Notice that this line is too long to fit on a single line. The line is automatically broken after the S in the 
word INSTRUCTION, and the remainder of the text appears on the next line. In IMMEDIATE mode, a PILOT 
instruction can be up to 80 characters long; but in EDIT and RUN mode, you are limited to one-line instruc
tions (i.e., 40 characters). 

When you have typed the line, press RETURN. The screen should now show the following: 

IMMEDIATE MODE ... 
T:MY FIRST PILOT PROGRAM IS ONLY ONE INS 
TRUCTION LONG. 
MY FIRST PILOT PROGRAM IS ONLY ONE INSTR 
UCTION LONG. 

Now let's analyze what happened. You have just used the TYPE instruction. You indicated that it was a 
TYPE instruction by means of the opcode T at the beginning of the instruction. The T opcode was 
separated from the field (the rest of the instruction) by a colon. The field of a TYPE instruction contains the 
text which is to be typed. Thus, a TYPE instruction contains the opcode T, the colon, and the text which is 
to be typed. The text appears on the screen starting at the current cursor position. 

IMMEDIATE mode lets you experiment instead of having to look up everything in the manual. Let's do 
some experimenting. The screen will soon be a confusing mess unless we do something about it. To clear 
the screen, use the TYPE instruction in modified form; that is, add a modifier to the T opcode. For exam
ple, try: 

TS:THIS LOOKS BEDER! RETURN 

The instruction is still a TYPE instruction, but added to the opcode is the S (screen) modifier. The S 
modifier tells the computer to clear the screen before typing anything in the field. 

What happens if there is nothing in the field? For example, try: 

TS: 

and then 

T: 

The results are what you would expect: the 'TS:' clears the screen and moves the cursor down one line, the 
'T:' moves the cursor down one line (skips a line). 

Does the opcode have to be upper case? For example, try: 

ts:This is an experiment with lower case. 
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Obviously, both the opcode and the modifier can be either upper or lower case. Notice also that the text 
can be any mixture of upper and lower case. Although the computer will understand both cases for op
codes, many experienced programmers feel that their programs are easier to read if everything before the 
colon is in upper case (in fact, some other versions of PILOT require this). At the minimum, it is a good idea 
to be consistent. In this manual, upper case is used in the examples. 

What happens if we make an error? For example, try: 

TS I forgot the colon. 

The computer responds with a coded error message which in this case is the message O-ERROR. The in
struction which is in error is reprinted on the following line, and the cursor is left at the end of the faulty in
struction. You must push any key to proceed. The key that you push will be ignored, so if you try to type in 
a corrected instruction immediately, you will get another error. The message O-ERROR is telling us that 
the computer found an error in the opcode. Because there was no colon, the computer tried unsuccessful
ly to interpret the whole instruction as an opcode. 

Beginning authors are frequently nervous about making mistakes. They seem to fear that the whole com
puter may go up in smoke if they push the wrong key. This simply will not happen. In fact, you will progress 
much faster as soon as you understand that the computer is much faster at finding certain kinds of errors 
(like missing colons) than you are. In this particular example, you could have looked back in the manual 
and found that all instructions must contain colons. However, it is faster to simply try the instruction and 
let the computer find the error. If you realize that you have made a mistake before pressing the RETURN 
key, simply use the delete 'DEL' key to backspace and erase the incorrect entry. 

You may have noticed that every TYPE instruction ends with a RETURN, which moves the cursor to the 
start of the next line after the text is displayed. Although this is usually what we want, there are times 
when we want to leave the cursor at the end of the same line. For example, one way to present an addition 
drill is the following: 

4 + 3 = 
If we use an unmodified TYPE instruction, 

T:4 + 3 = 

the screen will show the following lines when the student gives the correct answer: 

4 + 3 = 
7 

However, we want to display 

4 + 3 = 7 

We need to modify the TYPE instruction so that the RETURN at the end of the field will not occur. The 
modifier that does this is the H (hold) modifier. For example, try: 

TH:4 + 3 = (leave 2 spaces after the =, then press RETURN) 

and notice where the cursor is located. Of course, you cannot see the spaces after the equals sign (either 
in the manual or in the instruction on the screen), but you can see the effect of these spaces by noticing 
the position of the cursor after the instruction is executed. 

Let's finish this chapter by checking to see if the order of modifiers on an opcode makes any difference. 
For example, try these: 

TSH:Modifiers in the order S H. 
THS:Modifiers in the order H S. 

From these examples, we see that multiple modifiers can be attached to an opcode and that the order of 
the modifiers does not matter. 

NOTE: For the remainder of this manual, assume that you must press RETURN at the end of a line of input. 
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3.0 Craphics 
Graphics are essential parts of effective instructional programs. PILOT includes a number of features to 
make the creation of graphics convenient. In this chapter, we will introduce the graphic features which re
quire only a single GRAPHICS instruction. 

The GRAPHICS instruction has the following form: 

G:field 

The field may contain one or more graphics commands. The simplest graphics command is the ERASE (E) 
command. For example, try: 

G:E 

This appears to have the same effect as the 'THS:' instruction (either one can be used at any time). If you 
want to type material following the erase, use the TSH; if you want to draw, use the G:E COMMAND. 

The screen of your Commodore 64 provides resolution of 320 x 200 dots or pixels. With PILOT, you can use 
192 rows (top to bottom) of 319 dots each. The GRAPHICS command treats the screen like a piece of 
graph paper. Unless specified otherwise, the origin (0,0) is in the lower left corner, and positions on the 
screen are indicated by an X,Y pair of numbers. As is standard in graphing, the order of the numbers is X 
(horizontal), Y (vertical). To try this out, we need the POINT (P) command. First, locate the lower left corner 
of the screen: 

G:E;PO,1 

which places a dot in the lower left corner. Now try: 

G:E;PO,O 

This does not produce a dot because the Y coordinate value zero lies off the bottom of the screen. Notice 
that multiple graphics commands can be included on a single line and that individual commands are 
separated by commas or by semi-colons. In fact, you can use commas and semi-colons interchangeably 
in the field of the GRAPHICS instruction. However, it is clearer if semi-colons are specifically used to 
separate commands and commas are used to separate X,Y pairs. Now, to find the opposite corner of the 
screen, try: 

G:P318,192 

Remember that we began counting the 319 steps in the X direction with the first value 0, and we began 
counting the 192 steps in the Y direction with the first value 1. Before proceeding further, you may want to 
try a variety of POINT commands to get a feeling for the size and proportions of the screen. 

You may have noticed that the cursor for the next in'struction in 1M MEDIATE mode is always at the start of 
the next line (Le., its position is unaffected by the POINT command). In fact, there are two cursors: the text 
cursor which you can see on the screen and the graphics cursor (usually called the beam) which is invisi
ble. All graphics commands which include X,Y coordinates move the graphics beam to the specified posi
tion and leave it there. This allows us to draw lines anywhere on the screen. Line drawing is done with the 
DRAW (D) command. For example, try: 

G:E;P1 00,100;0200,180 

We've drawn the line by first moving the graphics beam to one end of the line (the command P100,100). 
Then, we told the computer to draw a line by giving the Draw command and the coordinates of the other 
end of the line (the command 0200,180). Note that the graphics beam is left at position (200,180). This can 
be demonstrated by the following instruction which uses position (200,180) as the starting pOint for 
another line. Input the following: 

G:0200,100 

Also, we can draw a box with a single GRAPHICS instruction. For example, try: 

G:E;P50,50;0150,50;0150,1 00;050,100;050,50 

Th~se lists of numbers can be confusing at times. Practice helps, but we suggest that you sketch the end 
pOint coordinates of the design on a piece of graph paper. . 
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There actually is a difference between erasing the screen using the GRAPHICS instruction and using the 
TYPE instruction with the SCREEN modifier. The modified TYPE instruction does not reset the graphics 
beam to the origin, but the GRAPHICS instruction does. For example, try the following lines: 

TS: 
G:0200,180 

For comparison, try the following: 

G:E;0200,180 

Notice that the line drawn after the ERASE command in the GRAPHICS instruction begins at the origin. 
However, the line drawn after the SCREEN modifier on the TYPE command starts from the previous 
graphics beam position. 

Next, we want to learn how to erase points and lines. The commands to erase are UNPOINT (Q) and 
REMOVE (R). First, draw a point with the following command: 

G:E;P100,100 

To remove the point, run this instruction: 

G:0100,100 

Now, draw a line with the following command: 

G:P50, 100;0150, 180 

To erase the line, input the following: 

G:050,100;R150,180 

The last instruction could have been written as 'G:P50,100;R150,180' since the line erase will erase the 
starting point. 

There are times we want to move the graphics beam without either drawing new lines or erasing any lines 
which are crossed. The command needed is the MOVE (M) command. The following instruction will draw 
two separated triangles: 

G:E;P5,5;090,5;090,70;05,5;M150,1 00;0235,100;0230,165;0150,100 

The first segment of this instruction 'G:E;P5,5;090,5;090,70;05,5' erases the screen and draws a triangle in 
the lower left portion of the screen. 'M150,100' moves the graphics beam up and to the right, to position 
150,100. The remainder of the instruction (0235,100;0230,165;0150,100) draws another triangle at the new 
position. 

We have learned that there are two cursors, a text cursor and a graphics beam. We can use the MOVE com
mand to position the text cursor by use of the TEXT-CURSOR (T) command. The following instruction will 
place the text cursor at approximately the same position as the graphics beam. For example, try: 

G:M10,85;T 

(We might use this method to label one of the triangles.) Why is the text cursor approximately at the same 
position as the graphics beam? If you look closely at the typed characters on the screen, you may be able 
to see that each character is made up of a series of dots. More specifically, each character is formed 
within a block of points which is an 8 x 8 grid. You can think of the screen as having a grid of 24 lines of 40 
character cells, with each character cell containing 8 x 8 graphics pOints (pixels). The graphics beam is 
positioned at an individual pixel; the T command in a GRAPHICS instruction positions the text cursor at 
whatever character cell the graphics beam is currently within. We will return to this point and give a table 
of values for positioning the text cursor in Chapter 14. 

The~e are times when we can simplify the programming of graphics if we place the origin somewhere 
beslde~ the lower left corner. For example, we might want to do some plotting and have the origin in the 
~pp~oxlmat~ center of the screen. To make this change, we use the OFFSET (0) command. Use the follow
In.g instruction to draw a set of axes in the center of the screen. Be sure you don't confuse the letter "0" 
with the number "0". Input the following: 

G:E;0160,100;PO,50;00, - 50;M - 50,0;050,0 
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The first segment of this instruction 'G:E;0160,1 00' erases the screen and sets the origin in the center of 
the screen. Note that all x,y coordinates are now plotted as relative offsets of the new origin. 'PO,50' plots a 
point at position (0,50) relative to the center. 'DO, - 50' draws a line to position (0, - 50) relative to the 
center, and so on. 

The advantages of this for curve plotting are obvious. As you might guess, the TS: instruction leaves the 
position of the origin unchanged, but the 'G:E' instruction will return the origin to the lower left corner. 
Note that the origin will remain at the position we set in the last example, (160,100), until it is reset with an 
erase or another offset (0) instruction. 

Once we begin using graphics within programs, we find times when we want to clear a portion of the 
screen. For example, we may have created a complex graphic display which we want to use for several 
frames worth of discussion. We can split the screen by use of the SPLIT (S) command. The number follow
ing the S command indicates where the screen is to be split. To see the effect of the SPLIT command you 
must first fill the screen with text or graphics. Once you have done that, input the following examples: 

G:S2 
TSH: 

Notice that only the bottom portion of the screen is cleared. Once the screen is split, then TYPE instruc
tions operate only within the lower portion of the screen. GRAPHICS instructions operate on the whole 
screen. For example, try: 

G:E;M180,180;T 

The ERASE command has cleared the whole screen, and the MOVE command has sent the cursor into the 
upper portion of the screen. The TYPE instruction now enables you to write in the upper portion of the 
screen in a way which cannot be erased with a 'TS:' until the SPLIT is removed. 

The actual positions where the screen can be split are given in the following table. 

SPLIT VALUE LINES ABOVE WINDOW LINES IN WINDOW 
o a 24 
1 3 21 
2 7 17 
3 11 13 
4 15 9 
5 19 5 

These values have been picked to ensure the best possible speed. As you can see from the table, when we 
used 'S2' in our example, we placed 7 lines above the window which could not be changed with TYPE in
structions. However, the 17 lines within the window could be changed with TYPE instructions. 

Once a window is established, it remains in effect until changed with another SPLIT command. To restore 
the window to the full screen, use another SPLIT command: 

G:SO 

Finally, with the SPLIT command, the text cursor is automatically moved to the upper left corner of the 
window. 

One of the best features of your Commodore 64 is the variety of colors which can be used in the screen 
displays. PILOT uses the GRAPHICS instruction to control these colors. All the colors are designated by 
numbers according to the following convention. 

0- Black 
1 - White 
2 - Red 
3 - Cyan 
4 - Purple 
5 - Green 

COLOR CODES 
6 - Blue 
7 - Yellow 
8 - Orange 
9 - Brown 

10 - Lt. Red 
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11 - Gray 1 
12 - Gray 2 
13 - Lt. Green 
14 - Lt. Blue 
15-Gray3 



There are three ways in which these colors can be used with the GRAPHICS instruction: for the exterior 
border around the edges of the screen, for background colors of the active area of the screen, and for 
foreground colors for drawing or typing characters on the screen. 

The commands for changing colors are: 

X - Exterior border color 
B - Background color 
C - Foreground color 

The exterior area is the simplest area to experiment with, so we'll begin there. To set the color of the ex
terior area we use the X command. For example, try: 

G:X3 

Also, try the other color numbers. You will discover that the standard color for the PILOT system is color 
13, the light green. 

The other two commands for using the colors are the BACKGROUND (B) command and the color (C) com
mand. Both commands consist of the letter followed by the color number. Neither of these commands 
has any immediate effect on the screen display. Instead, they control the background and foreground 
color of subsequent screen changes. For example, try: 

G:B12;P50,50;D180,180 

Notice that the line is drawn as usual, but the background colorof every character cell that the line passe::> 
through is changed to the new background color, which in this example is gray. If we use a TYPE instruc
tion, we observe the same effect, both as we enter the new line and as the line is executed. For example, 
try: 

T:A new background. 

The background of the whole screen can be changed with an erase, either a 'TS:' or a 'G:E'. This is a good 
way to illustrate the effect of the SPLIT command. For example, try: 

G:50;B8;E;51 ;B1 0 

Then, try the following sequence of steps: 

T5: 
G:52;B11 
T5: 
G:53;B14 
T5: 

The use of the foreground color is more straightforward. Just think of writing on the screen with a pen of 
the designated color. For example: 

G:B13;E;C14;P50,50;D160,100 

and then: 

T:Blue or green. 

Notice that some of the color combinations are not very legible. You may want to experiment at this point 
to find out which combinations are most useful with the particularTV set or monitor you are using. Before 
leaving this section, restore the settings to their original values with the following instruction: 

G:B13;CO;SO;E 

The FILL (F) command is used to fill in a block with the current foreground color. The block is designated 
by specifying the diagonal of the block. For example, try: 

G:E;P100, 100;F160, 160 

NOTE: The coordinates of the left corner, either top or bottom, (in the example '100,100') must be given 
before the coordinates of the opposite right corner. Otherwise, the results will be unpredictable. 
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The FILL command is useful for experimenting with colors as the colors of blocks are more visible than 
the colors of single lines. The FILL command can be used in combination with the background color to 
selectively erase a block on the screen. For example, try: 

G:E;P50,50;F160, 160;C13;P80,80;F130, 130;C1 

This can also be used for framing your displays (Le., Title Pages). 

When experimenting with foreground and background colors, it is possible to have a combination which 
produces unreadable text. Restore the standard color set from COMMAND mode by first pressing the 
RUN/STOP key and then the F2 key. To access the F2 key, press the SHIFT key in conjunction with the 
F1/F2 key. 
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4.0 Numerical computations 
In this chapter, we will learn how to tell the computer to do arithmetic. Those of you who are familiar with 
the BASIC language syntax will find much of this chapter to be review. 

A variable is a name for a value that may change. For example, the name X or Y, may now have a value of 5, 
but later may change to 6, 7, or 5224664. A 'constant' on the other hand, is a concrete value that never 
changes, (i.e., the value 38 is always 38). Think of a variable as a place in memory where things can be 
stored. In this chapter, we are concentrating on numbers, so think of the variable as a place in memory to 
store a number. For our own convenience, we want to give the variable a name (in algebra, variables are 
usually given names like x and y). PILOT allows up to 26 variable names to be used. The variable names are 
the letters of the alphabet. (Twenty six may not seem like enough, but there are ways to give lists of 
numbers a single variable name - see Chapter 23.) 

Make sure that you are in IMMEDIATE mode (type 'I' at COMMAND level). The key instruction forcomputa· 
tion is the COMPUTE instruction which has the opcode 'C'. A sample COMPUTE instruction follows: 

c: X = 2 + 3 

In English, this could be stated as: 

Load the value of the sum of 2 and 3 into the memory position, variable, which we have named X. 

After the instruction is executed, the variable X will have the value 5. There are a number of things which 
this simple example shows. First of all, notice that the equals sign has a special meaning here. Read the 
equals sign as "is to be replaced by" or "is to be set equal to". Also, notice that we are free to include 
spaces in the fields of PILOT instructions, (this makes instructions easier for us to read). 

NOTE: We did not use spaces in the fields of TYPE instructions because the field of a TYPE instruction is 
copied directly onto the screen (i.e., spaces in the TYPE instruction field appear as spaces on the screen). 
However, spaces in the field of a COMPUTE instruction have no effect. Also, throughout this manual, we 
use uppercase letters for variable names and PILOT instructions. 

Variables can be imbedded in the text fields of TYPE instructions. The computer will substitute the cur
rent value of the variable before typing as long as we specify that a variable is expected. We do this by 
preceding the numeric variable with a '#' symbol. For example, continue: 

T:#X 

The computer responds with the current value of the variable X, which is 5. To verify that the computer 
treats lower case x and upper case X the same, input: 

T:#x 

If you type the wrong variable name, for example: 

T:#Y 

you get the current value of Y which is O. Thus, you see that PI LOT sets the initial values of all numerical 
variables to O. 

Variables can be imbedded anywhere within the text fields of TYPE instructions. For example, try: 

T:Well, #X is the current value of X. 

Notice that there are two spaces after the variable in the instruction, but that there is only a single space 
after the value 5 when the instruction is executed. Therefore, if you want a space after the value, you must 
include two spaces in the field of the TYPE instruction. Again, this is done to keep compatibility with other 
versions of PILOT. 

Now that we have a way to display the values of variables, we can further explore the capabilities of the 
COMPUTE instruction. PILOT allows integer computations using the four arithmetic operations: + (addi
tion), - (subtraction), * (multiplication), and / (division). Let's try a few examples: 

c: X = 2 * 3 + 5 

and display the result with 

T:#X 
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For comparison, try the following: 

c: X = 5 + 2 * 3 
T:#X 

The identity of the two results shows that multiplication (and division) are done before addition (and sub
traction). Parentheses can be used in the standard way to change that order. For example: 

c: X = (5 + 2) * 3 
T:#X 

PILOT does integer arithmetic. For example: 

c: X = 8/3 
T:#X 

Notice that the result is an integer and is obtained by discarding the decimal portion of the answer, not by 
rounding it off. 

We have discovered that multiplication and division are done before addition and subtraction. What hap
pens if the arithmetic operators have equal precedence? Compare the following: 

with 

c: X = 4 * 3/2 
T:#X 

c: X = 4 * (3 I 2) 
T:#X 

The first example gives the result 6 (from 12/2), but the second example gives the result 4 (from 4 * 1, Le., 
the integer result from 3/2). Therefore, the order of operations is left to right, in the absence of paren
theses. 

Let's now examine the range of numbers which PILOT can handle. In computer terms, PILOT uses two 
bytes per numeric variable (i.e., numbers between - 32768 and + 32767). The numbers actually wrap 
around, therefore, the lowest number comes after the highest number. For example, try: 

C:X = 32767 
T:#X 

Then, try the following: 

C: X = X + 1 
T:#X 

The COMPUTE instruction may seem strange to those of you who are used to algebraic notation, but 
remember that the equals sign means replace. Thus, it makes perfect sense to replace X with a value one 
higher. However, because we started with the highest possible value of X, we get the lowest value of X. 
This is what is meant by the term 'wrap around'. 

As humans, we have the ability to look at the characters '32,415' and to judge from their context, whether 
this represents the single number 32415 or a list of two numbers 32 and 415 separated by a comma. The 
computer does not have this ability. For example: 

C: X = 32,415 

The C-ERROR message (which indicates invalid syntax in the field of the COMPUTE instruction) tells us 
that the computer does not know what to do with the comma. It is perhaps more surprising that the com
puter is confused by a decimal point, as in the following example: 

C: X = 32.0 

Remember, this is integer arithmetic and there are no decimal points involved. 
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5.0 string computation 
Computers can manipulate symbols as well as numbers. In particular, the computer can manipulate the 
letters and symbols which make up written languages. A series of symbols which may include letters and 
punctuation marks is called a 'string'. In this chapter, we're going to learn how to handle strings in PILOT. 

We need storage spots in memory to save the strings we are to manipulate. As with numeric variables, we 
need variable names for those places in memory. PILOT shares the same list of variable names between 
numbers and strings, both must be selected from the list of the 26 letters of the alphabet. One important 
difference between numeric variables and string variables is that while numeric variables all have the 
same preset length, string variables can have lengths which vary between 1 character and 255 characters. 
Before we use a string variable, we must tell the computer that the variable is to be used as a stri ng and the 
largest number of characters the string will ever have. We do both of these by means of the DIMENSION 
(D) instruction. For example, try: 

D: W$(15) 

This instruction has reserved a portion of memory which is 15 bytes long, and has assigned that portion 
the name 'W$'. Fifteen bytes will hold fifteen characters. This string variable is distinguished from 
numeric variables by the '$' symbol which is considered to be a part of the variable name. This DIMEN
SION instruction has established the maximum length of the variable; at any time its length can be 
anything from zero up to and including the maximum. Currently, the length of W$ is zero because we have 
not put anything in it. Also, W$ is now a string variable for the rest of the program and cannot be used as a 
numeric variable any more. 

In fact, the $ symbol is not an essential part of the name of the string variable. The DIMENSION instruction 
makes the variable a string variable. However, it is good programming practice to keep track of which 
variables contain strings and which variables contain numbers. Therefore, the $ symbol aids in this pro
cess. Also, this is consistent with other versions of PILOT (and BASIC) which require the $ symbol with all 
string variables. 

Now, let's experiment with string variables. For example, try: 

C: W$ = "ABCD" 

Verify the result with the following instruction: 

T:$W$ 

The COMPUTE instruction is an assignment instruction which should be read as "load the characters 
ABCD into the variable W$". The right side of the COMPUTE instruction contains what is called a literal or 
a string constant. The name 'literal' comes from the fact that one uses 'literally' the characters within the 
quotes; the name 'string constant' comes from the fact that it is the 'string equivalent of a numeric con
stant', such as 20. The TYPE instruction displays the current contents of the string variable. As with 
numeric variables, we must specify that there is a variable within the field of the TYPE instruction. We do 
this by preceding the variable name with the symbol '$'. Either the symbol '$' or '#' works, but, to avoid any 
human confusion, we recommend using '$' for string variables and '#' for numeric variables. The rules 
about spaces following imbedded variables are the same for both string and numeric variables. 

Although a numeric variable cannot contain letters, a string variable can contain numbers. For example, 
try: 

C: W$ = "AbCd 23X,Y" 
T:$W$ 

Any character that can be displayed can be part of a string, including spaces and digits. 

If we try to exceed a string variable's maximum length, the computer just accepts what the variable can 
hold. Remember that we set the maximum length of W$ to 15 with the earlier DIMENSION instruction. Try 
the following: 

C:W$ = "ABCDEFGHIJKLMNOPQRST" 
T:$W$ 

The computer loads the first 15 characters into the string variable and drops the rest. Notice that the com
puter does not give an error message in this case. 
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One fairly common mistake with string variables is to forget to dimension the variable before use. Try the 
following instructions: 

C:Y$ = "ABCD" 
T:$Y$ 

We get the value zero because there had not been a prior DIMENSION instruction to establish Y$ as a 
string variable. Therefore, the computer assumes that Y$ is a numeric variable. PILOT automatically con
verts between strings and numbers, so the computer looks for a number within the literal; finding none, 
the numeric variable is assigned the value zero. Try the following: 

C:Y$ = "ABC4D" 
T:$Y$ 

When the computer tries to make the conversion to a number, it finds the digit '4'. It then assigns the value 
'4' to the numeric variable Y$. 

The point of having string variables is to make it possible to manipulate strings. For an example of "ad
ding" strings, try: 

C: W$ = "abcd"! !"XYZ" 
T:$W$ 

The operator '!!' is called the concatenation operator. It tells the computer to add the second string of 
characters onto the end of the first string. Try the following: 

C: W$ = W$!!"mnop" 
T:$W$ 

This shows that string variables can be used as well as literals and that the equals sign means replace. 
The concatenation operation is the one place where conversion is not automatic; numbers cannot be con
catenated onto strings. 

The other operations we need for strings are operators to take strings apart and operators to change 
selected portions of strings. In both cases, we need a way to specify which portions of the strings we need 
to operate on. These portions are specified by a pair of numbers, the starting position and the length. Input 
the following example: 

C:W$ = "ABCDEFGHIJKL" 
T:$W$ 

The TYPE command is included to check the contents of W$. Try the following: 

C: W$(3,4) = "xy12." 
T:$W$ 

Notice that the change starts in the third position and continues for four characters. The rest of the string 
is unchanged. The pattern for specifying a portion of a string is the starting position first and then the 
length. However, if we need to change only a single character, we do not have to specify a length of one. 
For example, try: 

C: W$(10) = "b" 
T:$W$ 

We use the same convention to pick strings apart. We then need another string to store the result. To 
dimension the new string, input: 

D:A$(10) 

Now, to pick out a piece of W$, try: 

C: A$ = W$(4,5) 
T:$A$ 

Again, we need not specify the length when it is one. For example, compare the following: 

C: A$ = W$(10,1) 

and 

C: A$ = W$(10) 

The result is the same in both cases. 

Chapters 21 and 24 discuss other features of string and numeric variables. 
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6.0 Edit Mode 

Thus far, we've been using IMMEDIATE mode to discover how some of the PILOT instructions worked. 
PILOT programs are sequences of instructions. Some instructions can only be studied in combinations. 
Therefore, our next task is to learn how to enter programs. 

Within the EDIT mode, the computer makes no distinction between a PILOT program and any other form 
of text. In fact, the editor can be used to write letters or papers, as well as, PILOT programs. We will begin 
to use the EDIT mode by writing a note to Grandma. 

Press the STOP key to enter COMMAND mode. If you have previously been in 1M MEDIATE mode, the pro
gram may still be in memory. To clear the memory, simultaneously press the CLR/HOME key and the 
SHIFT key. Then, enter EDIT mode by pressing the E key. 

The screen is now blank, and the cursor is in the lower left corner. All entering and changing of text will oc
cur on this line. To begin, type: 

Dear Grandma, 

Press RETURN to end the line and again to leave a blank line. Space over three positions and type: 

I'm starting to use an editor. 

Again, press RETURN to end the line. 

We could continue in this manner to type as many lines as we wanted, but to concentrate on the 
mechanics of editing, we will keep this a very short note. End the editing session by pressing the 
RUN/STOP key. 

Perhaps we decide to alter the text of the note. Reenter the EDIT mode by pressing the E key. The first line 
of the note appears at the bottom of the screen. We want to replace the word "starting" with the word 
"beginning". To do this, we must move the cursor to the position where we want to make the change. The 
two cursor keys are marked with arrows and the letters 'CRSR'. In EDIT mode, the vertical arrows indicate 
the direction that the text moves behind a fixed cursor. If you press the down arrow, nothing happens 
because the cursor is already at the top line of the text. The up arrow moves the text so that the line we 
wish to change can be seen. Use the cursor right arrow key to position the cursor over the first letter of the 
word "starting". Make the change by overtyping the word "beginning". 

To summarize, text is moved up and down with the vertical cursor key, and the cursor is moved left and 
right with the horizontal cursor key. If there is no place for the movement to occur, nothing happens. Over
typing replaces characters. 

It is a bit awkward to have to use the SHIFT key to move the cursor, so PILOT provides alternate keys for 
the shifted cursor controls. You can move the text up either with the shifted cursor up key or with the 
RETURN key. You can move the cursor left with either the shifted cursor left key or with the F7 key. Notice 
that the auto-repeat works with the shifted cursor keys but not with the RETURN or F7 key. Use whichever 
keys you find most convenient at any moment. 

The screen should now show the following: 

Dear Grandma, 
I'm beginningto use an editor. 

The cursor is positioned at the "t" in "to". Obviously, we need a space at this position. A space can be in· 
serted by pressing the INST/DEL and the SHIFT keys simultaneously. 

Next, change the word "beginning" to the word "learning". Position the cursor where the change should 
occur and overtype the letters. This time, the new word is shorter than the old word. Use the INSTIDEL key 
to delete the extra characters. 

Grandma will not know who wrote the note unless we sign it. To add the line, 'Love, Jenell', move the cur
sor to the last line and press RETURN. We now have a new line for typing. After this addition, the screen 
now shows: 

Dear Grandma, 
I'm learning to use an editor. 

Love, Jenell 
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which we now wish to change to the following: 

Dear Grandma, 
I'm learning to use an editor. 

Love, 
Jenell 

First, insert the blank line after the word "Love". Position the cursor atthe beginning of the line which con
tains the word "Love". Press the F1 function key at the right side of the keyboard. Use the RETURN key or 
the cursor up key to see the result. When the cursor is in the first column of the screen, the F1 key inserts a 
new line. To break the last line into two lines, position the cursor where the break is to occur and again 
press F1. Move the text up to see the result; insert spaces to move "Jenell" to the right. 

NOTE: All of the control keys have the automatic repeat feature when they are held down. 

Use the CLRlHOME key to return the screen and cursor to the start of the text. 

If the computer will not carry out the indicated action, it's because there is no room for the action to occur; 
either a line is full and there is no room to insert additional characters, or the whole memory is full and 
there is no more room for text. In both cases, the solution is to break the text into smaller segments. 

NOTE: If you enter the IMMEDIATE mode while you are building a program in the EDIT mode, your pro
gram will be destroyed. The IMMEDIATE mode is a PILOT program that resides in the space normally 
reserved for editing programs. If you wish to use IMMEDIATE mode while you are creating PILOT pro
grams in the EDIT mode, start your program with the following instructions: 

TS:IMMEDIATE MODE ... 
A: 
X:%B 
J:@A 

Whenever you run your program, you will be simulating IMMEDIATE mode. These instructions are helpful 
in testing or debugging your programs since they allow you to jump in and out of IMMEDIATE mode. See 
Chapter 2.0 for more details on IMMEDIATE mode program. 

See Appendix V for a Summary of Edit Mode Operations. 

IMPORTANT NOTE: When creating or editing PILOT programs, avoid the careless placement of spaces 
since they may cause serious problems with your programs. For example: 

THS: (followed by six spaces) 

will place the cursor at the seventh position. Because the spaces after the instruction are invisible on the 
screen, a lot of time may be spent trying to understand why the cursor has been placed at its current 
position. 

Another illustration involves the MATCH instruction, described in Chapter 9.0. Briefly, the MATCH in
struction compares the user response with a specified value. For example, the following instruction at
tempts a MATCH for the letters "comm": 

M:comm 

If this instruction were to be followed with an erroneous space, it would never generate a match with the 
words "community" or "communicate". Again, much time may be wasted on finding a solution because 
you can't "see" the invisible spaces which are causing the problem. 
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7.0 Command Mode 

Now that we know how to use the EDIT mode, we are ready to start writing real programs. Once the pro
grams are written, we may want to save them for future reference. Therefore, in this chapter we will learn 
how to save, print and load programs. 

Begin in COMMAND mode (press the STOP key). We are in COMMAND mode whenever the prompt 
'PILOT:' appears on the screen. Press the CLR/HOME key and the SHIFT key to clear memory. 

We will write a program and save it on disk. First, prepare a diskette for accepting the program. Diskettes 
are formatted from IMMEDIATE mode. Enter IMMEDIATE mode (press I); insert a blank diskette in the disk 
drive, and enter the following instruction: 

FX:N:TRIAL,01 

This will cause the disk drive to run. The indication of a successful format is that the red light on the disk 
drive goes out when the drive quits running. If the drive quits running, and the red light on the drive keeps 
flashing, then the format has not been successful. Simply insert the diskette and try again. If the problem 
continues, try another diskette. In the instruction above, you can replace "TRIAL" with any name up to 16 
characters long, and you can use any two character 10 numbers in place of "01". Please note however, 
each diskette should have a unique two-digit alphanumeric 10. 

Before we can try out many of the operations of COMMAND mode, we need to have a program to operate. 
We'll use this opportunity to write a small program to review the use of windows via the SPLIT operation 
on the GRAPHICS instruction. First, enter COMMAND mode by pressing the RUN/STOP key. Then, clear 
memory by pressing SHIFT and CLR/HOME simultaneously. Enter EDIT mode (press E) and type in the 
following lines: 

TS: 
G:B4 
TS:Window 1 
G:S1;B10 
TS:Window 2 
G:S2;B7 
TS:Window 3 
G:S3;B12 
TS:Window 4 
G:S4;B2 
TS:Window 5 
G:S5;B14 
TS:Window 6 
W:200 

The last instruction is the WAIT instruction, which is included here to give us enough time to see the 
result of our effort. The number in the field (here 200) is the number of tenths of seconds which the com
puter is to wait (in this case 20 seconds). Press the RUN/STOP key to get back into COMMAND mode. 

Now, run the program by pressing the R key to enter RUN mode. The RUN mode runs whatever program is 
in memory. Once the computer has completed the program, it returns to COMMAND mode. The screen 
shows the last background color. We can return to the standard color combination by pressing the F2 key 
(SHIFT and F1 simultaneously) in COMMAND mode. 

Now that we have a functioning program, we want to save it on the disk. Although there is some room on 
the PILOT language disk, it is not a good idea to use it for programs. You should have a newly formatted 
diskette in the drive. In COMMAND mode, type: 

S:FIRST 

and press RETURN. This saves the program currently in memory onto the diskette, under the name 
'FIRST'. The program name can be no longer than ten characters. A flashing red light occurs on the disk 
drive when the save operation is unsuccessful. Note that file names on the diskette must be unique. If you 
try to save another copy of the program under the same name (in this example, 'FIRST'), you will get the 
flashing red light which will continue to flash until you do a successful disk operation. See Chapter 23 for 
details on saving multiple copies of the same program. 
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The next step is to learn how to load an existing program into memory for editing or running. In general, 
the load will overwrite whatever is in memory. However, currently, we have only one program to experi
ment with, and a copy is already in memory. First, clear that copy out of memory (SHIFT CLR) and verify 
that the memory is indeed empty (press E for EDIT mode and note that nothing appears). Return to COM
MAND mode (press STOP) and load a copy of FIRST by typing the following: 

L:FIRST 

You can check that this worked either by reentering EDIT mode or by running the program. 

If you have a printer connected to your Commodore 64, you can get a listing of the program in memory 
from COMMAND mode. Simply enter 'P' in response to the prompt. Thus, the screen displays: 

PILOT:P 

while a program in memory is being printed. 

There is one last operation which you can carry out from COMMAND mode. (However, once you do this, 
you have to restart the PILOT system. Therefore, you may not want to try it out at this time.) You can leave 
the PILOT system and reenter the BASIC system by pressing the F8 key in COMMAND mode. 

See Appendix VI for a Summary of Command Mode Operations. 
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8.0 Accepting Input 

Thus far, we have concentrated on display instructions and internal computations within the computer. 
Sequences of instructions are programs. PILOT programs are interactive, so we must now learn how to ac
cept input from the user. 

The key word is 'accept'. The ACCEPT, 'A:' instruction tells the computer to take input from the keyboard 
until the RETURN key is pressed. The simplest application is a user controlled pause. Before you try the 
following example, press RUN/STOP and then press SHIFT and CLR/HOME to reset PILOT. 

TS:When you have finished reading this, 
T:press the RETURN key_ 
A: 

A reminder: Enter EDIT mode by pressing 'E'. Type in the preceding three instruction lines. To exit EDIT 
mode, press 'RUN/STOP'. Press 'R' to run the program. When you press the RETURN key in response to 
the message, the computer continues. Because there is no more program, the computer returns to COM
MAND mode. Try the following program: 

TS:When you have finished reading this, 
:press the RETURN key. 
A: 
T:Press it once more. 
A: 

Of course, you can edit the previous program to get this one. Note the new instruction introduced above, 
i.e., the continuation instruction. When several TYPE instructions in a row are needed, we do not have to 
repeat the information in front of the colon for each line; simply repeat the colon. Use the 'T' opcode for 
the line following the first ACCEPT instruction (the preceding line is not a TYPE instruction). 

The computer stores whatever is typed at the keyboard, up to the RETURN key, in a place called the 
answer buffer. The answer buffer is referred to with the special variable name '% B'. It is a special string 
variable which has been automatically dimensioned to maximum length 80 by the PILOT system. Input the 
following short program which makes use of the answer buffer: 

TS:What shall I call you during this 
:session? 
A: 
T:OK, $%8, press RETURN when you are 
:ready to go on. 
A: 

Run the program and try answering this several times with different names. Notice, whatever you type in 
as a name is printed out. Also, the variable '%B' can be included in the field of a TYPE instruction, but 
must be preceded by a '$'. This is usual for variables in the fields of TYPE instructions. 

A more common application of the ACCEPT instruction is to look for the answer to a question which has a 
right and wrong answer. For this purpose, we are going to compare the contents of the answer buffer with 
some expected responses. The comparison will be easier if we have the computer edit the responses as 
they are typed in. We tell the computer to do some editing by including an option list on a PROBLEM 'PR:' 
instruction. Change the sample program to the following: 

PR:L 
TS:What shall I call you during this 
:session? 
A: 
T:OK, $%8, press RETURN when you are 
:ready to go on. 
A: 
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The PROBLEM instruction contains the option list 'L'. The 'L' tells the computer to convert the user's 
response to lower case as it loads it into the answer buffer. When you run the example, try typing a mixture 
of upper and lower case letters. Notice that they appear on the screen exactly as you type them, but they 
appear in the variable '% B' as all lower case letters. You can also tell the computer to convert all letters to 
upper case. Replace the first line with the following instruction: 

PR:U 

Run the program again. 

Spaces in user responses can be edited too. You can tell the computer to remove all spaces by including 
an'S' in the option list. Change the first line to the following: 

PR:S 

Type in two names separated by spaces. If you use a mixture of upper and lower case letters, you'll 
discover that the upper case option has been turned off. When a new option list is given, all options are 
turned off and must be reset if needed. For example, to keep the editing to upper case and to remove all 
spaces, input the following as the first line: 

PR:US 

All editing options can be turned off with the 'PR:Z' PROBLEM instruction. A PROBLEM instruction with 
an empty option list, 'PR:', leaves all options unchanged. 

Once we have the user's name, we want to keep it for future use. If we just leave the name in the answer 
buffer, it will be lost at the next ACCEPT (the new user response will replace it). To save the response, we 
must copy it into another string variable. 

Input the following for getting and saving a name: 

0:N$(15) 
TS:What shall I call you during this 
:session? 
A:$N$ 
T:OK, $N$, press RETURN when you are 
:ready to go on. 
A: 
(End of program) 

The variable 'N$' must be dimensioned before we use it. We picked the value of 15 as the length of the 
longest name we are likely to encounter. The edited version of the user response is automatically copied 
into the variable 'N$', by including the variable name in the field of the ACCEPT instruction. Once the 
name is in 'N$', it will stay there unchanged until we assign something else to that variable. 

Some questions have numeric answers. The ACCEPT instruction can be used for both numeric and text 
answers. The following program illustrates how numeric answers are handled: 

TSH: 
T:The container below holds 100 liters. 

G:P120,1 ;0120,101 ;0180,101 ;0180,1 ;0120,1 
T:How many liters will make it 
:half full? 
G:S2 
A: 
G:C2;P120,2;F178,%B + 1;CO 
T: 
:Is that half full? 
A: 
(End of program) 
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Notice the line with just a colon. This follows a TYPE instruction so it is a legal continuation instruction. 
Because there is nothing in the text field, this will cause a line to be skipped. The GRAPHIC instruction 
then draws a box, but leaves the text cursor untouched. The TYPE instruction then places text near the top 
of the screen. If this were to be a portion of a longer program, we would probably want to erase part of the 
graphic but not the text of the question. Therefore, we split the screen with the 'G:S2' instruction. 

Our major interest in the above example is to see how numeric answers are handled. The user's number is 
entered as a series of digits and is stored in the answer buffer. However, the computer knows that it needs 
a number as a coordinate for the FILL command. Therefore, the computer automatically converts the con
tents of the answer buffer into a number when needed in the instruction. 

'G:C2;P120,2;F178, %B + 1;CO' 

Autoconversion between strings and numbers is a great convenience. Run the example again and input 
the following: 

I think 50 is a good answer_ 

The computer selects the number from the text and makes the proper conversion. Try the example again 
and input: 

It's either 20 or BO_ 

The computer selects the first number from the text for conversion. Finally, try the following: 

Fifty liters will do it 

This simply redraws the bottom of the box. The computer does not really understand English; the se
quence of characters 'f-i-f-t-y' isn't recognized to mean the same as the sequence of characters '5-0'. 
Because the computer finds no digits in the response, it converts to the number zero, and the block ap
pears as a line. 

The contents on the answer buffer can be transferred to a numeric variable. The following program il
lustrates this technique: 

TS:How old are you? 
A: #X 
T:Only #X years! 
W:30 

(End of program) 

The computer assumes that all variables are numeric unless they are defined as strings by DIMENSION in
structions_ 

There are times that we want to have the user respond with a single key. Multiple choice questions are an 
obvious example. Use a modified form of the ACCEPT instruction, the ACCEPT SINGLE 'AS:' instruction. 
Try the following: 

TS:The largest planet in the solar 
:system is 

a) Earth 
b) Saturn 
c) Jupiter 

:Type the letter of the right one. 
AS: 
W:10 

(End of program) 

Notice, there is no need to use the RETURN key when you run the program. The contents of the answer 
buffer after an ACCEPT SINGLE instruction are not edited. That is, it makes no difference how the upper 
or lower case options on a PROBLEM instruction are set with an ACCEPT SINGLE. 

Be careful with the use of ACCEPT SINGLE. We strongly recommend not using both ACCEPT and AC
CEPT SINGLE in a program, especially one which involves long computations. A mixture of the two will 
leave the user wondering if they are supposed to press RETURN to continue if there is not an immediate 
response. 
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9.0 processing Answers 
Once an answer to a prompt has been input, a number of possible actions may result. For example, we 
may want to move to the next section of code if the answer is correct. However, if the answer is incorrect, 
we may want to repeat the question. The instruction that we usually use to check the answer is the 
MATCH (M:) instruction. 

Suppose the first lines of the program are the following: 

TS:What company made this computer? 
A: 

As we all know, the correct answer is Commodore. We tell the computer to check for this answer by using 
the following MATCH instruction: 

M:Commodore 

Let's assume that the user's response to the question is as follows: 

It's a Commodore 64. 

After execution of the ACCEPT instruction, the answer buffer contains the above sentence. The MATCH 
instruction compares the contents of the MATCH instruction field (in the example, "Commodore"), with 
the answer buffer, by using a process called a 'window string search'. This process is easier to show than 
to explain. For example: 

STEP 1 
It's a Commodore 64. 

A A 
Commodore 

Answer Buffer 
Window 
Match Field 

The field of the MATCH instruction establishes a window. The window established by "Commodore" is 9 
characters wide. The answer buffer is compared with the match field through the window. If the window 
contains the same characters as the match field, then the match succeeds. If the window does not con
tain the same characters, the window is moved one character to the right. For example (please note the ac
tual starting position of the match field): 

STEP 2 
It's a Commodore 64. 
A A 
Commodore 

Answer Buffer 
Window 
Match Field 

Again, the window does not contain the characters in the match field. The window string search process 
continues as follows: 

STEP 3 
It's a Commodore 64. 
A A 
Commodore 

Answer Buffer 
Window 
Match Field 

The process continues until the match succeeds, or until there is no more room for the window. In this ex
ample, the match succeeds on Step 8. 

STEP 8 
It's a Commodore 64. 

A A 
Commodore 

Answer Buffer 
Window 
Match Field 

NOTE: The computer ignores any part of the user response outside of the window. 

Remember, regarding user responses, the computer does recognize the difference between upper and 
lower case letters. Therefore, upper and lower case letters in the MATCH instruction field make a dif
ference (Le., the previous MATCH instruction will not match with the user response "commodore" or 
"COMMODORE"). For example, if the code for the program had been the following: 

PR:L 
TS:What company made this computer? 
A: 
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when the user answered: 

It's a Commodore 64. 

the answer buffer would contain 

it's a commodore 64. 

The MATCH instruction should be 

M:commodore 

Therefore, it is essential that the field of the MATCH instruction use the same 'case' as the edited version 
of the user answer buffer. If you find that a MATCH is not succeeding when you think it should, look at the 
upper and lower case in your answer buffer (T:$%8). 

The window string match previously illustrated is a feature found in most computer languages. This 
operation is so important in instructional applications that PILOT provides many additional features for 
MATCH. Perhaps, the user will mistype or misspell words. The simplest way to allow for this is to add the 
spelling modifier to the MATCH opcode. For example: 

MS:commodore 

This modified form of MATCH will succeed in matching if the portion of the answer buffer viewed through 
the window differs only in one character from the match field. It will also succeed if all the characters are 
there but one pair of characters have their positions reversed. 

Here is a list comparing what the 'MS:' instruction will accept with the previous example: 

Will match 

commodore 
commadore 
comnodore 
commodoer 

Will not match 

Commadore 
comodore 

For more control over what types of errors the MATCH will allow, the author can use the single wild-card 
character '*'. The '*' matches any arbitrary character in the corresponding position of the answer buffer. 
For example: 

M:comm*d*re 

Will match 

commodore 
commadere 
comm3d@re 

Will not match 

Commodore 
comodore 

Please Note: Any number of astericks (*) can be used in the field of the MATCH instruction. Also, 
asterisks can be used in the field of a MATCH instruction with an S modifier. 

The ampersand (&) serves as a multiple wild-card character. The ampersand will match any number of 
characters in the answer buffer, including no characters. For example: 

M:com&dore 

Will match 

commodore 
comodore 

comxxxxxxdore 

Will not match 

cammodore 
commodare 

Again, there are no limitations on the use of &'s in the fields of MATCH instructions. Multiple &'s can be 
used, and they can be used in conjunction with *'s on standard and/or modified MATCH instructions. 

The previous example illustrates the use of the ampersand as the multiple wi Id card character. The amper
sand can also be thought of as an 'AND' operator. For example: 

PR:L 
TS:What are the colors in the Canadian 
:flag? 
A: 
M:red&white 
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Suppose the user response is the following: 

That one is red and white. 

The MATCH instruction establishes two windows; both of which must be matched for the match to suc· 
ceed. For example, the following is a portion of the MATCH execution. 

STEP 13 
that one is red and white. 

1\ 1\ 

redwhite 

Answer Buffer 
Windows 
Match Field 

In this position, the first window (containing "red") is matched. In subsequent steps, only the second win
dow is moved. 

STEP 14 
that one is red and white. 

red white 

STEP 15 
that one is red and white. 

1\ I\A 1\ 

red white 

We finally get a match as follows: 

STEP 18 
that one is red and white. 

1\ 1\ 1\ 1\ 
red white 

Answer Buffer 
Windows 
Match Field 

Answer Buffer 
Windows 
Match Field 

Answer Buffer 
Windows 
Match Field 

One weakness of the preceding MATCH is that it will succeed only if the colors are given in the order red
white. One way to eliminate this problem is by using the OR operator'! '. Replace "M:red&white" with the 
following instruction: 

M:red&white!white&red 

The above instruction looks for the two colors in either order. A more common use of the OR operator is 
when there are a number of different ways to say the same thing_ For example: 

M:yes!yea!sure! right 

The flexibility provided by the MATCH instruction is so great, that it sometimes leads to misinterpreta
tions of the user's answer. In such cases, we need to reduce the flexibility (instead of extending it) with 
wild card characters. Suppose we have asked a question which can be answered with a simple 'yes' or 
'no'. We might analyze the response with the following MATCH instruction: 

M:no 

If the user responds with: 

I don't know. 

the match will succeed because of the "no" in the middle of "know". To avoid this problem, we use the 
'%' symbol. The '%' symbol will match the start of the response, the end of the response, or 'words' 
preceded by a space. It will not match with any other character. Thus, we can avoid a misinterpretation of 
the response by using the following instruction: 

M:%no 

Please Note: The match field, '%no%', would not match the response 'no.', because of the period. 
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The purpose of matching for particular items is to provide for alternate actions depending on the user's 
response. The MATCH instruction sets one of two flags; the 'YES' flag if the match succeeds and the 'NO' 
flag if the match fails. These two flags can be checked by conditioners attached to other opcodes. Here is 
an example: 

TS:Are you ready to go on? 
A: 
M:Yes!yes!yea!sure 
TY:OK, let's go. 
TN:Then we'd better review. 
W:20 

(End of program) 

The 'V' conditioner refers to the result of the last match attempted. If the match was successful, then an 
instruction with a 'V' conditioner will be executed and the instruction with an 'N' conditioner will be skip· 
ped. If the match failed, then the instruction with a 'V' conditioner will be skipped and the instruction with 
an 'N' conditioner will be executed. In the example, any of the answers "Yes", "yes", "yea", or "sure" will 
get the response 'OK, let's go'. Other answers will get the response 'Then we'd better review.'. Notice that 
the 'V' and' N' cond itioners refer to the success of the last match; they do not refer to whether the answer 
to the question was yes or no. 

The 'V' and 'N' conditioners, like all conditioners, can be attached to any PILOT opcode. There are no 
restrictions with conditioners. To illustrate this, return to an earlier example concerning the colors of the 
Canadian flag. Before, we instructed the computer to look for the answers in the order red and white. If we 
don't care about the order and if there are only two possibilities, we could use the 'OR' operator: 

M:red&white!white&red 

With more than two possibilities, the 'OR' operator approach is impractical. The solution is to attach 'V' 
conditioners to successive MATCH instructions. For example: 

PR:L 
TS:What colors are in the US flag? 
A: 
M:red 
MY:white 
MY:blue 
TY:You got them all. 
TN:Something is wrong. 
W:100 

(End of program) 

The first MATCH instruction looks for the word "red". If "red" is not found, all instructions with 'V' condi
tioners are skipped until a match succeeds. Therefore, the message "Something is wrong." is displayed. 
If the word "red" is found, then the following MATCH instruction is executed, and the computer looks for 
the word "white". Only if "white" is found, does the computer try to find the word "blue". Only if all three 
words are found, does the computer end the sequence of MATCH instructions with the 'V' flag "ON". 
Because each MATCH instruction starts searching at the beginning of the answer buffer, the order of the 
words in the user response makes no difference. 

One of the key reasons for using the PILOT language is the flexible answer processing with the MATCH 
instruction. We suggest that you experiment with the MATCH instruction until you have mastered all of its 
features. Also, watch users who are running your programs to get ideas for making your MATCH instruc
tions more effective. 
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10.0 Multiple Choice Tests 

One of the simplest examples of instructional programming is the multiple choice test. In fact, multiple 
choice testing requires only a small fraction of the capabilities of the computer. Let's review a variety of 
the features we've already covered by writing a program on shapes and spatial perception. The sample 
programs from now on will be longer, too long for complete explanations within this size of a manual. 
Therefore, we will mix program segments and explanations. (Of course, the whole program must be 
entered for experimentation.) 

Begin this program by asking for the user's name. Store this for future reference: 

0:N$(15) 
TS:What shall I call you today? 
A:$N$ 
TS:ldentify the following shape. 
G:C5; P180, 100; 0180,150; 0270, 150; 0270, 100 
G:0180,1 OO;CO;MO, 150;T 

At the end of the GRAPH IC instruction which draws a box, we restore the pen color for typing, and use the 
MOVE command to position the cursor. Next, present the multiple choices as follows: 

T: 1) Triangle 

2) Rectangle 

3) Hexagon 

:Pick 1, 2, or 3. 

AS: 
M:2 
TN: 
:No, it's a rectangle. 
CY: R = R+ 1 
WN:20 

NOTE: The use of blank lines to make the text more legible on the screen. We are using the variable 'R' to 
count the number of correct answers. The 'R' variable is incremented only if the answer is correct 
(because of the 'Y' conditioner on the COMPUTE instruction). The WAIT instruction, which causes a delay 
of 20 tenths of a second, is included with an 'N' conditioner. This gives the user who missed the question, 
time to read the response before the screen is cleared. We now continue with the following questions: 

TS:Now notice the axis. 
G:C5;P180,1 00;0180,150;0270,150;0270,100 
G: 0180, 1 OO;C 14; P225, 165; 0225,85;CO 
T: 
:If the figure is rotated about the axis 
:the figure formed is a 

1) Sphere 

2) Cone 

3) Cylinder 

:Pick 1, 2, or 3. 

AS: 
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M:3 
TN: 
:No, it's a cylinder. 
CY: R = R + 1 
WN:20 
TS:ldentify the figure. 
G:C6;P170,60;0200, 120;0230,60; 0170,60; 
G:CO;MO,140;T 
T: 1) Square 

2) Triangle 

3) Trapezoid 

:Pick 1, 2, or 3. 

AS: 
M:2 
TN: 
:No, it's a triangle. 
CY: R = R+ 1 
WN:20 
TS:Again notice the axis. 
G:C6; P170,60; 0200, 120; 0230,60; 0170,60; 
G :C12;P200, 140; 0200,40;CO; 
T: 
:11 the triangle is rotated about the 
:axis, the figure formed is a 

NOTE: In the preceding six lines, we have made use of the fact that the text cursor stays unmoved during 
graphics operations.) 

1) Sphere 

2) Cube 

3) Cone 

:Pick 1, 2, or 3. 

AS: 
M:3 
TN: 
:No, it's a cone. 
CY: R = R + 1 
WN:20 
G:E;S2 
T:$N$, you got #R right. 
W:100 

(End of program) 
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The last GRAPHIC instruction is a convenient way to position the text close to the centerof the screen for 
the final message. 

There are a number of changes you might wish to make to this program once you have tried it out. One 
possible improvement would be to rearrange the display on the screen so that the figure was at the top. 
Then, by use of the SPLIT operator, you could avoid redrawing the figure when it was time to add the axis 
(Le., the text could be kept inside the window, and the graphic could be kept above the window). 

Another possible change would be to load the message "Pick 1,2, or 3." into a string variable at the start of 
the program. For example: 

0: M $(20) 
C:M$ = "Pick 1, 2, or 3." 

Then, each time the message is to be presented, the TYPE instruction 'T:$M$' would be enough. 

One final variation would be to use letters instead of numbers for the choices. This requires one addition 
because the upper and lower case editing does not operate on the responses to an ACCEPT SINGLE. 
Therefore, the typical MATCH instruction would have to be written as 'M:a!A'. 
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11.0 Jumping 

The last chapter included programs which start at the beginning and run step by step directly to the end. 
More typically, a program jumps out of sequence depending on the user responses. This process requires 
that we introduce the JUMP 'J:' instruction. 

The field of the JUMP instruction must contain the destination for the jump. There are four types of 
destinations. We'll begin with the label. The format of a "JUMP to label" instruction is as follows: 

J:NAME 

where "NAME" represents the label. Labels can be from one to six characters long, must start with an 
alphabetic character, and cannot contain spaces. 

LEGAL LABELS 

START 
PROB6 
GO-ON 
THIRD 

ILLEGAL LABELS 

*START 
PROBLEM6 
GOON 
3RD 

The JUMP instruction shown above tells the computer to jump to a label. We must place the label 
somewhere within the program. Labels must be placed at the beginning of a line, and the computer must 
be instructed that what follows is a label rather than an opcode. The asterisk (*) indicates that a label 
follows; however, the asterisk is not part of the label and must not appear in the text field of a JUMP in· 
struction. The following simple addition drill illustrates the use of a label: 

*BACK 
G:E;M150,150;T 
T:5 
G:M130,120;T 
T:+ 3 
G:P110,115;D160,115;M150,100;T 
AS: 
M:8 
TY:Good. 
TN:No, try again. 
W:20 
IN:BACK 

(End of program) 

In the previous example, the label is 'BACK'. We have to jump to the start of the display sequence so that 
the problem statement will be repeated. Notice that we can use a conditioner on the JUMP instruction and 
that the asterisk is included on the labelled line, but is not part of the label itself. 

The label does not have to occupy a separate line. The first two lines of the sample program could be com
bined into one. For example: 

*BACK G:E;M150,150;T 

The label must be separated from the rest of the line by at least one space. However, some authors think 
that placing labels on separate lines makes them easier to find in a quick visual scan of the program. 

There are two destinations which are used heavily in most instructional programs. When users input an in
correct answer, we usually want to give them another chance (perhaps after we've given additional infor
mation). Usually, this means that we want to send them back to the last ACCEPT instruction (this was not 
the case in the preceding example because of the need to rewrite the problem). When users input a cor
rect answer, we usually want to send them on to the next section or question (perhaps after we give them 
positive feedback). These jumps backward and forward could be handled with labels, but that would re
quire at least two labels for every question. The greater the number of labels, the longer it takes the com
puter to find a particular label, so PILOT provides two "floating" labels which move through the program 
with the user. These two labels point to the last-used ACCEPT instruction '@A', and to the next PROBLEM 
instruction, '@P'. This significantly reduces the number of labels needed in most programs. 
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A jump to the last-used ACCEPT instruction is indicated by the JUMP instruction 'J:@A'. A jump to the 
next PROBLEM instruction is indicated by the JUMP instruction 'J:@P'. 

NOTE: The phrase 'last-used ACCEPT instruction' isn't necessarily the ACCEPT instruction which most 
closely precedes 'J:@A'. It does, however, reference the ACCEPT instruction which was executed most 
recently (in complex programs, these two may not be the same). 

The following program illustrates the use of the two special destinations of the JUMP instruction. 

PR:L 
TS:The famous tea party which may have 
:triggered the Revolutionary War 
:occurred in what city? 

A: 
M:bost*n 
TY:Of course, the Boston Tea Party. 
JY:@P 
M:new y&k!ph*l&d*l&a 
TY:lmportant cities then, but not the 
:site of the tea party. Try again. 
JY:@A 
M:w*sh&t*n 
TY:Washington was built years later. 
TY:Try again. 
TN:lt's a major city on the northeast 
:coast. Try again. 
J:@A 
PR: 
W:10 
TS:And who made a famous ride ... 

(End of program) 

In this example, we look for the correct answer first. If we find it, the user is sent on to the next section. We 
then look for a number of predictable errors and give appropriate responses for each. The TYPE NO (TN:) 
instruction is there to deal with unpredicted answers. As we write the program, we do not know where the 
next PR instruction will be. However, when we finish dealing with alternate answers to the question, we 
simply begin the next section with a PR instruction. This pattern is so common that authors often begin 
every new section with a PR instruction, whether or not they plan to use a "J:@ P' in the preceding section. 

There are situations where you have a large number of instructions which are to be executed only if a 
match succeeds. There are two alternatives to placing a "Y' conditioner on every one of the instructions in 
question. For example: 

Example A Example B 

M:Chicago 
IN:@M 
T: .. . 
C: .. . 
J:@P 
M:Los Angeles 

MJ:New York 
T: .. . 
C: .. . 
J:@P 
M:8an Francisco 

Two new items appear in these examples, the '@M' and the 'MJ' instructions. The '@M' instruction 
means jump to the next MATCH instruction. 

In Example A, if the user's response does not match the word "Chicago", the program skips all in
termediate instructions and jumps to the MATCH instruction "M:LosAngeles". The use of the MATCH in
struction with the JUMP modifier 'MJ:' produces the same effect. In Example B, if the user does not input 
New York, (i.e., the match fails), the program jumps to the next match instruction, 'San Francisco'. The use 
of either of these instructions will speed up the execution of a complex program. However, you must be 
sure to only use the "MJ:' instruction when another MATCH instruction follows. 
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12.0 Hinting 

The MATCH, TYPE, and JUMP instructions provide the tools for programming an instructional dialog. The 
basic technique is to ask a question, match for likely answers, and to provide responses to those answers. 
Of course, there are times when the user gives answers which you as author did not anticipate. One way to 
respond to unanticipated answers is to give 'hints', and to let the user try again. 

PILOT provides an easy way to give a series of hints in response to user answers. Single digits can be at
tached to opcodes as conditioners. For example: 

T3:Remember to square it. 

The computer keeps track of the number of consecutive times that the user responds to the same ques
tion, (i.e., every time the computer encounters an ACCEPT instruction, it checks whether or not this is the 
same one as the last ACCEPT executed instruction). If not, the 'A' counter is set to '1 '. If so, the 'A' counter 
is increased by '1'. The value of the digit used as a conditioner is compared with the value of the 'A' 
counter. If they are the same, the instruction is executed; otherwise, the instruction is skipped. 

Enter the following program: 

PR:L 
TS:Whose picture is found on the five 
:dollar bill? 
A: 
M:linco&n 
TY:You got it. 
JY:@P 
TH:No. 
T1: A hint: He was assassinated. 
T2: He was president during the 
: Civil War. 
T3: He was known as Honest Abe. 
T: Try again. 
J:@A 
PR: 
W:20 

(End of program) 

The JY instruction above means that 'N' conditioners on the following instructions are unnecessary 
because they can be reached only if the match fails. The messages "No." and "Try again." will be 
displayed every time the user responds incorrectly. The three 'hints' will be displayed one at a time; the 
first hint will display after the first incorrect response, the second hint will display after the second incor
rect response, and so on. We used the 'TH:' command on the original "No." message so that the 
designated hint would appear on the same line. Note also that we indented the text of each hint to provide 
the necessary space. 

In this example of digit conditioners, if the user does not get the answer by the third try, subsequent tries 
simply display the message "No. Try again". Now, let's revise this example to be both a test and instruc
tion. As an instruction, we will include the proper feedback (the correct answer will display after three 
tries). As a test, credit will be given only if the correct answer is input on the first try. The "R" in the instruc
tion "CY1: R = R + 1" is the variable which is used to store the number of correct answers. 
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PR:L 
TS:Whose picture is found on the five 
:dollar bill? 
A: 
M:linco&n 
TY:You got it. 
CY1: R = R+1 
JY:@P 
TH:No. 
T1: A hint: He was assassinated. 
T2: He was president during the 
:Civil War. 
T3: He was known as Honest Abe. 
T4: Lincoln's face is on the five. 
J4:@P 
T: Try again. 
J:@A 
PR: 
W:40 

(End of program) 

Digit conditioners, like all conditioners, can be used on any instructions and in combination with other 
conditioners (Le., 'CY1 :'). 

The computer keeps count of the number of times a particular ACCEPT is used in the 'A' counter. The 'A' 
counter is a system variable which can be reset and used in computations and conditions. The symbol for 
the 'A' counter is '%A'. The following instruction would reset the A counter to zero: 

C: %A = 0 
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13.0 A Sample Dialog 

Thus far, the instructions introduced can be used to write programs which can carry on a true dialog with 
the user. In this chapter, we give an example of such a program. With a single question about triangles, we 
can make use of graphics, split screen and text answers. For example: 

PR:L 
G:S2 

The figure will be at the top of the screen, and the text will be below: 

TS:What is the adjective which describes 
:this triangle? 
G:C2;P130, 150;0160, 190;0190, 150;C1; 
G:0130,150;CO 

Draw the triangle using color to emphasize the critical feature, but restore the color for subsequent text. 
Continue: 

T: 
:The two colored sides are the same 
:Iength. 

Note that the text cursor is not affected by moving the graphics cursor. We now have the information we 
want to stay on the screen, so we can split the screen below this point. Continue: 

G:S4 
A: 
M:iso&c*les 
TY: 
:That's it. 
WY:30 
EY: 

We use the ampersand in the field of the MATCH instruction instead of "iso*c*les" to cover the common 
misspelling of "isosceles". Of course, the field of the MATCH instruction must be in lower case because 
of the 'L' option on the cPR:'. If this were part of a longer program, instead of the 'EY:' instruction which 
ends the program if the answer is isosceles, we would use a 'JY:@ P' to go ahead to the next section. 
Continue: 

M:rig 
TY:No, a right triangle includes 
:a right angle. 
GY:C8;P300,5;0250,5;0250,50;0300,5;CO 

We now look for a common incorrect answer. If it is found, we give a diagram which the user can compare 
with the previous figure. The response (type) lines are kept short so there will be room for the right triangle 
to be displayed at the lower right corner of the screen. We use color to emphasize the right angle. For 
example: 

WY:40 
TYS: 
JY:@A 
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The WAIT instruction gives the user time to read the message and to look at the right triangle. We then 
clear the window at the split and return to the question: 

M:equi&later 
TY:The bottom is shorter than the other 
:sides. Equilateral means all sides 
:equal. 
WY:60 
TYS: 
JY:@A 
M:scal 
TY:A scalene triangle has no two sides 
:equal. 
WY:40 
TYS: 
JY:@A 

We've now checked for two other likely errors and given appropriate messages in both cases. Notice that 
we adjust the time of the WAIT instruction to correspond to the length of the message. 

M:obt*s 
TY:I'II draw you an obtuse 
:triangle to show the 
:difference. 
GY:C8;P300,5; 0260,5; 0220,60; 0300,5;CO 
WY:40 
TYS: 
JY:@A 
M:ac*t 
TY:That's true, but it does not describe 
:the triangle as having two sides with 
:the same length. 
WY:40 
TYS: 
JY:@A 

We have now checked for all the predictable errors and made provisions for each. We must now take care 
of the users who have no idea what the answer should be. We'll give a series of hints: 

T1:1 didn't understand that. The 
:adjectives used to describe triangles 
:in my dictionary are acute, 
:equilateral, isosceles, obtuse, 
:right, and scalene. 
:Try one of those. 
W1:20 

The first hint is longer than the others, so we give extra time. 

T2:Two prefixes mean equal 
equi· and isos· . 

T3:The answer is isosceles. Type it so 
:that you'll remember it. 
T4:You're asleep; I quit. 
W:30 
E4: 
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The WAIT instruction applies for all hints. The END instruction stops the program if the user does not get 
it right on the fourth try. 

W:30 
TS: 
J:@A 

(End of program) 

After you enter this program, try running it several times with a variety of answers. If you type sentences in
stead of just single word answers, the result will be close to a conversation between a teacher and a 
student. 

Several changes you might want to make to the program for practice are adding diagrams to illustrate the 
other types of triangles. Also, to avoid the possible problem of getting the "I quit" message after three er
rors and a typing error, you might want to adjust or reset the 'A' counter whenever a recognized answer is 
given. 
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14.0 subroutines and Relations 
There are times when we need to repeat the same set of instructions several times throughout the pro
gram. Instead of retyping the instructions whenever they are needed, we can place the instructions in a 
subroutine. A subroutine must be called by an instruction in the main program. When the subroutine has 
finished, it returns to the very next instruction (after the one which called it) in the main program. 

Here are two new instructions for using the subroutine technique. The USE, 'U:', instruction calls the 
subroutine. A label must be in the USE instruction field. For example: 

U:SUB 

The label (in the above example, 'SUB') indicates where the subroutine starts. 

The subroutine must have an END, 'E:', instruction. We have used the END instruction before, but not in a 
subroutine. An END instruction within a subroutine transfers control to the instruction following the 'U:' 
instruction which called the subroutine. 

We're going to write a program which may be useful for adjusting the color controls on your TV set. We 
want to generate 16 blocks which use the 16 colors available on the Commodore 64. We also want to label 
each color block. Because we will be repeatedly drawing blocks and moving the text cursor within those 
blocks, the subroutine approach is very useful. Start with these instructions: 

G:E 
C: C = 0 
C: X = 320 
C: V = 192 

The variable 'C' will be used to set the color; 'X' and 'V' will be the lower left corner of the block. We plan on 
setting the coordinates for the new block before drawing it, so we start with coordinates which are beyond 
the upper right corner of the screen. For example: 

U:SET 
T:Black 

Here, the USE instruction calls the subroutine "SET". We will later see that the SET subroutine computes 
the block position, draws it, and positions the text cursor for the on-screen label. Upon return from the 
subroutine, the computer is to display the color name, in this case "Black". We continue in this way for all 
the colors. For example: 

U:SET 
T:White 
U:SET 
T:Red 
U:SET 
T:Cyan 
U:SET 
T:Purple 
U:SET 
T:Green 
U:SET 
T:Blue 
U:SET 
T:Veliow 
U:SET 
T:Orange 
U:SET 
T:Brown 
U:SET 
T:Lt. Red 
U:SET 
T:Gray 1 
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U:SET 
T:Gray 2 
U:SET 
T:Lt. Green 
U:SET 
T:Lt. Blue 
U:SET 
T:Gray 3 
A: 
E: 

The last two instructions, 'A:' and 'E:', make the display remain on the screen until the RETURN key is 
pressed. This gives the user time to adjust the color controls, if needed. Notice that this END instruction 
is not part of the subroutine, it is the END instruction which terminates the program and returns the com· 
puter to COMMAND mode. 

We must now include the subroutine within the program. With care, we can put the subroutine anywhere. 
However, for this example, we'll put it at the end. The first task is to reset the values of 'X' and 'Y' for the 
next block: 

*SET C: X = X+80 
C(X >300): X = 0 

The first line contains the label (name) of the subroutine and the instruction which moves the lower left 
corner of the block 80 positions to the right. The second instruction contains a 'relational conditioner': 

(X >300) 

This expression has a truth value; either the current value of 'X' is indeed greater than 300 (in which case 
the expression is true), or the current value of 'X' is not greater than 300 (in which case the expression is 
false). If the expression is true, then the instruction following the colon will be executed; if the expression 
is false, then the instruction is skipped. The first time this subroutine is used, the value of 'X' is 320. 
Therefore, the expression is true and the instruction will execute to reset the value of 'X' to zero. In com
bination, the two instructions move 'X' eighty pixels to the right. When the instruction moves 'X' off the 
screen (i.e., 'X' is GREATER THAN 300), the program resets 'X' to zero for the following line. When we reset 
'X' for the next line, we must also make a corresponding change in 'Y'. 

Example A 
C(X = 0): Y = Y - 48 

Example B 
CC: Y = Y-48 

There are two ways in which we can reset 'Y'. Notice that we cannot repeat the condition 'X >300' 
because we've changed the value of 'X' to zero. We can then test for whether or not 'X' is now zero. We can 
also reuse the truth value of the last condition evalua~ed. Example A checks for 'X = 0'. Example B adds 
the 'C' conditioner which reuses the truth value of the last condition. (Notice that the 'C' conditioner does 
not reevaluate the condition with the new value of 'X', but simply reuses the previous value of true or false.) 

All the remaining actions concerning the block will be relative to its lower left corner. We can simplify the 
rest of our program by making that corner of the block the new origin: 

G:OX,Y 
U:BLOCK 
C: C = C+ 1 
E: 

The GRAPHICS instruction uses the ORIGIN operator to move the origin. The next instruction calls 
another subroutine which actually draws the block. Notice that it is legal to call subroutines from within 
subroutines; this is called nesting. Nests up to four levels deep are permitted. The last COMPUTE instruc
tion changes the color number, and the TYPE instruction returns to the main program forthe typing of the 
color name. 
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To complete the program, we need to give the subroutine BLOCK. For example: 

*BLOCK 
G:CC;PO,0;F79,47;CO;BC;M 1 0,30;T 

The GRAPHICS instruction sets the color to the value in C "CC:', fills a frame defined by the opposite cor
ners (0,0) and (79,47), restores the color for typing, resets the current background color to the block color, 
and positions the text cursor. Remember that we've moved to origin for coordinates to the lower left cor
ner of this particular box. 

T:#C 
G:M5,20;T 
E: 
(End of program) 

The previous three instructions display the color number, reset the text cursor, and return the computer to 
the subroutine SET. 

When a subroutine is called with a USE instruction, an address is stored for eventual return. In our exam
ple, the first 'U:SET' instruction causes the computer to save the address of the instruction 'T:Black' 
(when SET is complete, the computer returns and executes the T:Black' instruction). The 'U:BLOCK' in
struction (causes the computer to save the address of the 'C: C = C + l' instruction (the computer returns 
and executes the 'C: C = C + l' instruction, when 'BLOCK' is complete). When the computer encounters 
an END instruction, it consults the list of addresses the USE instructions have created. If that list is not 
empty, the computer transfers control to the last address on the list and erases it from the list. If that list is 
empty (Le., there are no 'U:' instructions still in force), the computer knows that it has reached the true end 
of the program and returns to COMMAND mode. 

We must be careful not to leave a subroutine by a JUMP instruction instead of an END instruction (this 
would leave an extra address on the list). We must not enter a subroutine except via a USE instruction; 
otherwise, when we hit the END instruction, the list will be empty and the program will stop. Be careful 
where you place subroutines because the computer can "fall into" the subroutine by just executing the 
next instruction. When a USE instruction is executed, the computer goes to the beginning of the program 
to search for the subroutine that was called. Therefore, the computer runs faster when all subroutines are 
at the beginning of the program. The following example illustrates this point: 

J:@P 
*SUB 
(subroutine instructions are placed here) 
E: 
PR: 
(main program starts here) 

The subroutine (indicated by the label SUB) is at the beginning of the program, but the 'J:@ P' prevents en
try into the subroutine except via USE instructions from the main program. 
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15.0 Numerical Answers 
Thus far, our examples have been dialogs with textual responses. Now, let's consider questions which 
have numerical answers. In processing textual answers, we were able to recognize both exact answers 
and answers which were close enough. We want to be able to do the same with numerical responses. The 
MATCH instruction is not well suited for judging numerical answers. For example, although the numbers 
99 and 100 are close, there is no connection between the two characters 9-9 and the three characters 1-0-0. 
The proper tool to use when judging numerical answers is the relational conditioner. 

The following is a list of the relational operators available in PILOT: 

X = 3 
Y - Z<7 
Y-Z>4 

(read < as 'is less than") 
(read > as "is greater than") 

Y - Z < = -2 
X >= 20 
X<> 50 

(read < = as "is less than or equal to") 
(read > = as "is greater than or equal to") 
(read < > as "is not equal to") 

Notice that each of the relations above has a truth value which can be evaluated by substituting the cur
rent values of the variables. If the current value of the variable 'X' is 4, then the truth values of the relations 
'X = 3' and 'X> = 20' are false, and the truth value of the relation 'X < > 50' is true. 

Relations can include strings as well as numbers. For example: 

A$ = "AKB" 
B$ < > "xksf" 

Relations can be compound. For example: 

X = 4 & Z <= 20 
X = 4 ! A$ = "AKB" 

The ampersand has the meaning 'AND'; the exclamation point has the meaning 'OR'. 

As we saw in the previous chapter, a relational conditioner can be attached to any opcode. The truth value 
of such a relational conditioner determines whether or not the instruction will actually execute. The 
syntax rules are that spaces are allowed only within the parentheses which enclose the relational condi
tioner, and that relational conditioners must follow the opcode and any modifiers or other conditions (i.e., 
oS', 'Y', 'N'). 

Here is a simple subtraction drill: 

TS:5imple subtraction 

8 

- 5 
G: P8, 140; 036,140;52 

By positioning the question correctly, relative to the SPLIT operator, we can simplify the process of eras
ing incorrect answers for future tries. The GRAPHICS instruction draws the appropriate line and sets the 
window. Continue by entering the following instructions: 

TH: (three spaces after the colon) 
A: 
T: 
T(3 = % B):Right. 
J(3 = % B):NEXT 
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The 'TH:' instruction followed by three additional spaces, positions the cursor for the user's answer. The 
relational conditioner on the TYPE instruction determines if the answer is correct. Notice that we've made 
use of the automatic conversion of strings into numbers with the '3 = % 8' comparison. Let's continue: 

TH(3 > % 8):Too low; 
TH(3 < % 8):Too high; 
T: try again. 
W:15 
TSH: (three spaces after the colon) 
J:@A 
*NEXT 
W:15 

(End of program) 

One of the reasons for using relational conditioners instead of MATCH instructions is that we can make 
comparative judgements. If the answer is incorrect, one of the two messages "Too high;" or "Too low;" 
will be displayed. In either case, the message "try again" will appear on the same line. The WAIT instruc
tion gives the user time to read the message; the TSH instruction erases the incorrect answer and posi
tions the cursor for the next try. 

There is a subtle point in the above program which we must discuss concerning relational conditioners. 
The user response (% 8) is a string. (Anything entered from the keyboard is a string.) We used the 
automatic conversion in the comparison: 

3=%8 

You may ask however, which way the conversion occurs (Le., is 3 converted to the string value "3", or is 
the string value in '% 8' converted to a number?). The conversion is to the type on the left side of the rela
tional operator. In the above example, the comparison is between two numbers because the '3' is to the 
left of the relational operator (= ). 

You may also ask why it is necessary to know which way the conversion occurs. The way the conversion is 
specified may make a difference as to whether the condition is true or false. If the user were to respond 
with" It's 3.", then the condition (3 = % 8) is true because the conversion picks the number '3' out of the 
sentence. However, the condition (% 8 = 3) would be false because the two strings "It's 3." and "3" are not 
the same. 

There are alternate ways to program our previous example. Simply replace the following instructions: 

T(3 = % 8):Right. 
J(3= %8):NEXT 
TH(3) %8):Too low; 
TH(3< % 8):Too high; 

with the sequence 

c: X = %8 
T(3 = X):Right. 
J(3 = X):NEXT 
TH(3) X):Too low; 
TH(3< X):Too high; 

As you probably noticed, the second sequence includes one extra instruction; however, it requires the 
computer to do the conversion only once. It is a personal decision as to which sequence is better. If you 
are concerned with the amount of typing or execution speed, there is little difference between the two. 
Often, the main consideration for "better" is clarity to someone reading the program (Le., which sequence 
would be easiest to understand a month after you finish writing the program?). 

Another change which improves speed and clarity is the following: 

T(3 = % B): Right. 
J(3 = %8):NEXT 
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which can be replaced with the sequence: 

T(3 = % B):Right. 
JC:NEXT 

The 'e' conditioner on the JUMP instruction tells the computer to reuse the truth value of the last 
evaluated relational conditioner. Thus, time is saved because the condition does not have to be reprocess
ed; clarity is improved because it is clear which instructions depend on the same condition. 

Now that we know how to handle numerical answers, let's convert our sample program into a useful 
arithmetic drill. Rather than write the code for each arithmetic problem, it is more efficient to use a'ran
dom number generator' with the 'RND' function. The 'RND' is always followed by a number. The computer 
will provide us with a random value between zero and one less than the specified number. For example: 

C: X = RND (8) 

will set the variable 'X' equal to one integer between zero and seven. The number in parentheses is called 
the argument of the 'RND' function. 

Try running the following program: 

TS:A look at random numbers 
*MORE C: X = RND (10) 
TH: #X 
C: Y = Y+1 
J(Y< 20):MORE • W:80 

(End of program) 

Notice that the integers produced are always between zero and nine. 

We can use the 'RND' function to generate the two factors in another subtraction problem: 

TS:Simple subtraction 

C: X = RND (10) 
T: #X 

C: Y = RND (10) 
T: - #Y 
G:P8, 140;D36, 140;S2 
TH: (three spaces) 
A: 
W:15 

(End of program) 

Both 'X' and 'V' will be numbers between zero and nine. For some applications, that would be sufficient, 
but at this level, we usually would want students to practice with problems that had positive answers. 
Thus, we only want combinations of 'X' and 'V' where 'X = Y' (all other combinations will be discarded). 
Enter this new program: 

TS:Simple subtraction 

*ANOTH C: X = RND (10) 
C: Y = RND (10) 
J(Y> X):ANOTH 

The condition on the JUMP instruction tests for a positive answer to the subtraction problem; if 'V' is 
greater than 'X', the difference is minus and another pair would need to be randomly generated. 
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Continue the program for one subtraction problem: 

T: #X 

: - #Y 
G:P8, 140;036, 140;S2 
TH: (three spaces) 
A: 
T: 
T(X - Y = % B):Good. 
JC:@P 
TH(X- Y>%B):Too low; 
TH(X - Y< %8):Too high; 
T: try again. 
W:20 
TSH: (three spaces) 
J:@A 
PR: 
W:10 

(End of program) 

Notice that the randomly generated numbers can be used in relational conditioners. Therefore, the condi· 
tions apply to whatever numbers are generated. 

Now, if we want a student to try twenty subtraction problems, all we need to add is the following: 

C: P = P+ 1 
G(P< 20):S1 
TSH: 
JC:ANOTH 
T:You've completed #P problems. 
W:20 

If, however, we wanted the student to get ten questions correct on the first try, instead of the above lines, 
we would add the following: 

C1: P = P+ 1 
C:%A = 0 
G(P< 10):S1 
TSH: 
JC:ANOTH 
T:You got ten right on the first try. 
W:20 

Obviously, these are just two of many possibilities which could be used with PILOT. 

Once your programs are functional, check the messages to be sure they are within the reading ability of 
the intended users. 

To allow for two digit subtraction, input the following new program: 

TS:Two digit subtraction 

* ANOTH C: X = RND (90) + 10 
C: Y = RND (90) + 10 
J(Y> X):ANOTH 

Notice the COMPUTE instructions. The function RNO (90) returns a number between 0 and 89. When we 
add ten, the result is a number between 10 and 99 (i.e., the possible two digit numbers). The general pat
tern for using the 'RND' function is as follows: 

RNO(range) + lowest value 
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Continue with the program: 

T: #X 

: - #Y 
G:P8,140;D44,140;S2 

The student working this subtraction problem on paper, first gives the units digit and then moves to the 
left to give the tens digit. However, the computer reads left to right. Therefore, move to the units digit posi
tion for the first digit and then to the tens digit position for the second digit: 

TH: (four spaces) 
*BACK AS:#U 
G:M24,130;T 
AS: 

The 'AS:' instruction is included so the user won't have to press the RETURN key repeatedly. A numeric 
variable, '#U', is placed in the field of the first 'AS:' instruction to store the number the user enters into that 
variable. Then, when the user enters the tens digit, the units digit is not lost: 

T: 
T(X-Y=10*%B + U):Right. 
WC:30 
JC:@P 

We have accepted the units and tens digits as two separate numbers. To check if the answer is correct, we 
must combine the digits using their numerical value (i.e., '10' tens digit + units digit'). 

One advantage of using conditioners is that we can replicate common user errors. The most common er
ror in subtraction is forgetting to borrow correctly. To make provision for this error, continue with the 
following instructions: 

T(X - Y = 10*(%B -1) + U):I think you forgot 
:to carry. Try again. 
WC:20 
TSH: (four spaces) 
JC:BACK 

(End of program) 

There is one other improvement we could make. As the program stands, the answer might be a number 
less than ten, that is, a single digit number. Thus, should we ask the user to enter a zero in the tens col
umn? If you don't want the user to enter the zero, replace the following instructions: 

G:M24,130;T 
AS: 

with the sequence: 

C: % B = "0" 
G(X - Y > 9):M24, 130;T 
ASC: 

For our next example, we'll return to the one digit subtraction problems. If we want the user to work a large 
number of problems, we may want to be sure that they get unique problems rather than the same few over 
and over again. We can keep track of which problems the user has already worked or which problems the 
user got right on the first try. Thus, we can avoid giving those problems again. With one digit subtraction, 
there are 10 • 10, or 100 possible combinations of digits. (Close to half of these give minus answers, but 
we'll discuss that later.) 
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There are many ways to keep a record of which of the 100 questions have been used already. However, we 
don't want to keep a complete list of the problems because that would waste space. Let's make a list 
which uses one single character position for each possible problem. We'll start with all the characters be
ing "U" (for use) and change the character to "0" (for don't use) when the combination is selected. We 
begin by setting up the string of 100 U's. Enter this new program: 

0:R$(100) 
C:R$ = "UUUUUUUUUUUUUUUUUUUUUUUUU" (25 U's) 
C:R$ = R$!! R$ 
C:R$= R$!!R$ 

The DIMENSION instruction reserves space for a string 100 characters long. The first COMPUTE instruc
tion loads 25 U's into the record string; the second COMPUTE doubles the length of 'R$' to 50 U's, and the 
third COMPUTE doubles the length of 'R$' again for a total of 100 U's. 

Most of the rest of the program is unchanged. Continue: 

TS:Simple subtraction 

* ANOTH C: X = RNO (10) 
C: Y = RNO (10) 
J(Y> X): ANOTH 

At this point, the computer has a set of values which do not give a negative answer. Before actually using 
the set, we want to check if the combination has been used before. We must establish a unique cor
respondence between each 'X,Y' pair and a position in the record string. There are ten possible values of 
'X' for every value of 'V'. The ten values of 'X' for the first value of 'V' occupy the first ten positions on the 
list, and the ten values of 'X' for the second value of 'V' occupy the second ten positions on the list, etc. We 
can express the position of any 'X,Y' pair on the list with the following formula: 

position = 10*Y+X+1 

You can check this formula by trying a few values including '0,0' which gives the position '1' and '9,9' 
which gives the position '100'. 

The following instruction checks the list to see if the combination has already been used and goes back 
for another combination if it has been used: 

J(R$(10*Y + X + 1) < > "U"):ANOTH 

Continue with the original program after this additional instruction: 

T: NX 

: - NY 
G:P8,140;036,140;52 
TH: (three spaces) 
A: 
T: 
T(X - Y = % B):Good. 
CC:R$(10*Y + X + 1) = "0" 

The last instruction sets the corresponding entry on the record string to "0" if the user got the correct 
answer. Then, the next time the computer picks this combination, it will be rejected. Let's put in a few in
structions so that we can see what is happening (they will not remain in the final version of the program): 

GC:S4 
TC:$R$ 
WC:100 
JC:@P 
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The remainder of the program is as before: 

TH(X - Y > % B):Too low; 
TH(X - Y < %B):Too high; 
T: try again. 
W:20 
TSH: (three spaces) 
J:@A 
PR: 
W:10 
C: P = P+ 1 
G(P< 20):51 
TSH: 
JC:ANOTH 
T:You've completed 20 problems. 
W:20 

(End of program) 

We could, of course, use this program for more than 20 problems. However, if we try to monitor all the 
possible problems, the program will slow down. (The computer picks numbers at random. When there are 
only a few combinations left, it may take a long time to find them.) 

Thus far, we've shown how to judge if the answer was exactly correct or too high or low. We also know 
how to look for specific errors. Now, let's see how to judge if a numeric answer is "close enough" to some 
exact value. For example, if we ask the student to estimate the number of yards in a kilometer, we will ac· 
cept any answer between 1050 and 1150: 

TS:Guess how many yards in a kilometer. 

A: 
T(1050< %B & 1150>%B):Close enough. 
JC:@P 
TH(1050 >= %B):Too low; 
TH(1150< = %B):Too high; 
T: try again. 
J:@A 
PR: 
W:20 

(End of program) 

Notice the use of the AND operator, '&', in the relational conditioner which checks for the correct answer. 
The AND operator MUST connect two complete expressions which each have a truth value. 

Another way to write a condition which checks for the correct answer is the 'ABS' function which takes 
the absolute value of its argument. For example: 

C: X = ABS (4 - 7) 

The previous expression sets 'X' equal to '+ 3'. We can revise the program above by using the 'ABS' 
function. 
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TS:Guess how many yards in a kilometer. 

A: 
T(ABS(1100- %B)< SO):Close enough. 
JC:@P 
TH(10S0> = %B):Too low; 
TH(11S0 < = % B):T 00 high; 
T: try again. 
J:@A 
PR: 
W:20 

(End of Program) 

The condition (ABS(1100-. %B)<50) will accept any number within a range of 50 from 1100. Therefore, 
an answer is satisfactory if between 1150 and 1050 inclusive. 

The examples in this chapter can be expanded into a full set of arithmetic drill programs (addition pro
blems require only a few changes in the relational conditioners; multiplication and division problems re
quire more extensive control of screen movement). We hope you experiment with this flexible program
ming tool to create math drills including anything from one digit addition to long division with remainders. 
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16.0 Frame Design 

We introduced the operators for the GRAPHICS instruction in Chapter 3.0. In this chapter, we will show 
how those features can be used to arrange displays on the screen. 

The screen can be used in many different ways. The easiest perhaps, but also the least effective way, is to 
use the screen as an endless scroll of paper; start typing at the top and continue. Another way to use the 
screen is as a series of frames. A single frame can be used until filled and then replaced; or, a frame can be 
selectively erased and refreshed in a lengthy sequence of steps. Here is an example of the latter approach. 

Our example involves filling out a form that most of you are familiar with, a check register. We will put the 
check register in the upper part of the screen. With the SPLIT operation, we will divide the bottom of the 
screen into a question and answer space. 

This application requires that we move the text cursor freely around the screen. The following two tables, 
relating columns and line numbers to screen X coordinates, will be very useful: 

Column Screen X Coordinates 

1 0 - 7 
2 8 - 15 
3 16 - 23 
4 24 - 31 
5 32 - 39 
6 40 - 47 
7 48 - 55 
8 56 - 63 
9 64 - 71 
10 72 - 79 
11 80 - 87 
12 88 - 95 
13 96 -103 
14 104 - 111 
15 112-119 
16 120 - 127 
17 128 - 135 
18 136 - 143 
19 144 - 151 
20 152 - 159 
21 160 - 167 
22 168 - 175 
23 176 - 183 
24 184-191 
25 192 - 199 
26 200 - 207 
27 208 - 215 
28 216 - 223 
29 224 - 231 
30 232 - 239 
31 240 - 247 
32 248 - 255 
33 256 - 263 
34 264 - 271 
35 272 - 279 
36 280 - 287 
37 288 - 295 
38 296 - 303 
39 304 - 311 
40 312-319 
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These numbers mean that, for example, sending the text cursor to any X coordinate between 256 and 263 
inclusive will place the text cursor in text column 33 (counting columns as 1 to 40). However, you may 
prefer to remember the formula for the coordinates of the left side of the character block: 

X coordinate = (column number - 1) * 8 

The corresponding table for line numbers follows: 

Line Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Lines Counting Up 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Y Coordinates 

184-191 
176 - 183 
168 - 175 
160 - 167 
152 - 159 
144 - 151 
136 - 143 
128 - 135 
120 - 127 
112-119 
104 - 111 
96 - 103 
88 - 95 
80 - 87 
72 - 79 
64 - 71 
56 - 63 
48 - 55 
40 - 47 
32 - 39 
24 - 31 
16 - 23 
8 - 15 
0- 7 

Split Value 

80 

81 

82 

83 

84 

85 

The formula for line numbers is the same as for the column position. (This is because each character oc
cupies a block which is '8 x 8' dots or pixels.) 

These tables are also useful for color control, as well as, text cursor positioning. On the Commodore 64, 
color is set by 'text blocks'. 

Every text block can have only one foreground color and one background color. To see the effect, enter IM
MEDIATE mode and try: 

G:E;C5;P100,100;D200,200;CO;P100,200;D200,100 

Notice that within the character cell where lines cross, lines assume the color of the last line drawn. 
Therefore, if you want to draw lines of different colors close together on the screen, use the values in the 
tables to keep the lines in different text blocks. 

Clear memory by pressing 8HIFT and CLR/HOME simultaneously. Then, enter EDIT MODE by inputting 
'E'. We will now begin our checkbook program. It's always a good idea to start with a title frame for the 
author's name: 

PR:U 
G:B6;E;C7;P10, 10;F309, 182;M112, 130;T;C1 
T:CHECKBOOK 
W:200 

53 



Try running this to check that the spacing is correct. Then, remove the WAIT instruction which was only in
cluded for our convenience. Continue with the following: 

G:M138,96;T 
T:by 
G:M124,80;T 
T:Your name 
G:CO 
W:30 

The previous tables are helpful in positioning the text. For example, we want to place the word "by" in the 
center of the screen. Look up the coordinate for column 19, which is 144. If you want to center your name, 
position the text cursor via another GRAPHICS instruction with MOVE and TEXT CURSOR operations. 

Next, we must decide how the screen is to look. We want a single display that can be updated. Our design 
is as shown. Notice that we have to keep the lines and the characters in separate text blocks so that typing 
characters will not erase lines. The exception is the title "CHECK REGISTER". 

1 4 9 20 22 28 34 40 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
10 

------------CHECK REGISTER-------------
! #!Datel Item 1 -$ 1 Dep! Ball 

9 
8 
7 
6 
5 
4 
3 
2 
1 

Question - Answer 
Space 

Response Space 

We have made a number of adjustments because of the display limitations, such as abbreviating column 
headings and using only dollars not cents (because of integer arithmetic). Now that the form is designed, 
we can write the program to display it. 

The first thing we'll do is outline the check register in a color. We'll use double width lines to make the col
or more visible: 

G:B13;E;C6;P4,92;D4, 188;D315, 188 
G:D315,92;D2,92;D2,189;D317,189; 
G:D317,91;D2,91 
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You may want to temporarily add a WAIT instruction so you can check the result of the lines before going 
ahead. Next, draw horizontal lines in the middle of text lines 14 (108),16 (124), 18 (140), 20 (156), and 22 (172): 

G:P4,108;0315,108;P4,124;0315,124 
G:P4,140;0315,140;P4,156;0315,156 
G:P4, 172;0315, 172;M88, 184;T;CO 
T: CHECK REGISTER 

The last portion of the last GRAPHICS instruction positions the text cursor in line 13, column 24 fortyping 
the title. Next, draw the vertical lines in columns 4 (28), 9 (68), 22 (172), 28 (220), and 34 (268): 

G:C6;P28, 188;028,92;P68, 188;068,92 
G: P172, 182;0172,92;P220, 188; 0220,92 
G:P268,188;0268,92 

Now, put in the column headings as follows: 

G:CO;M16,176;T 
T:# 
G:M32,176;T 
T:Oate 
G:M112,176;T 
T:ltem 
G:M184,176;T 
T:-$ 
G:M232,176;T 
T:Oep 
G:M280,176;T 
T:8al 

• 

This last series of steps could also be accomplished by typing one line with all the headings properly 
spaced. (This would have to be done before drawing the vertical lines for the columns.) However, this ex
ample is to show you how to move easily about the screen. The final step in drawing the frame is to 
separate the question space from the response space: 

G:C8,P152,80; 0152,1 ;CO 

Now, we move to the question space to display the first question. We must keep the text lines short 
because of the way we've divided the screen. 

G:MO,64;T 
T:Your paycheck is 
:for $ 900, and you 
:keep $ 100 cash. 
:How much are you 
:starting the 
:account with? 

A: 

NOTE: The reason tor the space between the '$' and the number is so that PILOT will not treat the number 
as a string variable. 

Next, we process the answer. The responses to the user will be in the box on the lower right of the screen: 

M:800 
GN:M160,64;T 
TNH:Now wait. 900 - 100 
GN:M160,56;T 
TNH:is not $%B. 
GN:M160,48;T 
TNH:Try again. 
WN: 
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Notice that since the whole message is to be on the lower right of the screen, we must reposition the cur
sor before each line. We give the user time to read the message before proceeding to erase the incorrect 
answer. An erase is accomplished by filling a block with the background color: 

GN:C13;PO,15;F140,1;CO;MO,8;T 
IN:@A 

After the erase, we restore the foreground color and reposition the text cursor before going back for 
another try. To handle the correct answer, input the following: 

G:C13;P160,71;F319,1;CO;M160,64;T 
T:Good. 

Erase the response space again using the 'FILL' operation with the background color. We're ready for the 
next question, so we selectively erase the question area with the following: 

*BACK 
G:C13;PO,71 ;F151, 1 ;CO;MO,64;T 
T:ln which column 
:should we put 
:this? 

G:C13;P160,71;F318,44;CO;MO,8;T 
A: 

The block for the erase can be smaller because it is simply erasing the word "Good". Next, we move over 
into the response space. Input the following: 

G:M160,64;T 
M:DEP 
TY:Right, I'll put 
GY:M160,56;T 
TY:it there. 
*ENT GY:M232,160;T 
TY:800 

Place the number in the proper column and proceed to the next question as follows: 

JY:@P 
M:BAL 
TY:You're rushing 
GY:M160,56;T 
TY:things. It's a 
GY:M160,48;T 
TY:deposit. 
WY:20 
JY:BACK 

The steps above have made allowance for the user who is skipping ahead. Next, we check that the user 
response is possible: 

M:ITEM!%#%!DATE! -$ 
THN:That's not a column. 
WN:20 
GN:C13;P160,71 ;F315, 1;CO 
IN:BACK 
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Respond to the unanticipated answer, and give the user time to read the message before erasing it and go
ing back for another try. Input the following: 

T:No, this is a sum 
G:M160,56;T 
T:of money you're 
G:M160,48;T 
T:putting in. 
W:20 
G:C13;P160,71;F318,1;CO 
J:BACK 

This completes the handling of the first question. Now, we erase the bottom of the screen for the next 
question. Because we positioned the division at one of the SPLIT positions, we can clear the screen more 
easily than above. Due to our current screen position, it is now easier to erase the screen than before. In
put the following: 

PR: 
G:S4 
TS: 
G:C8;P152,80;D152,1 ;CO;MO,64;T 
T:This makes the 
:balance what? 

A: 
(End of program) 

Although this example is not complete, it demonstrates how the screen can be used and how the user's 
attention can be directed by selected changes on the screen. We could simplify the programming of this 
example by using subroutines to clear spaces and/or to present messages. Another major saving would 
be to use the SPLIT operator to divide the question and response spaces vertically, instead of horizontally. 
Please feel free to experiment and/or finish this program. 
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17.0 programmable Characters 

There are many applications in which a specialized notation would be useful. This includes many foreign 
languages, scientific/mathematical applications with Greek letters and boldface vectors, and chemistry/ 
mathematical applications with subscripts and superscripts. Characters are represented within the com
puter according to a convention called the ASCII code. Each ASCII character has a corresponding number 
code. The numbers between 32 and 127 specify the 96 PILOT keyboard characters. These characters and 
their corresponding numbers are listed in Appendix I. (For example, '65' corresponds to the character 'A', 
and '105' corresponds to character 'i'.) However, PILOT provides a way to program the computer to display 
necessary notations which are not pre-defined on the keyboard. 

A new character can be defined by using the NEWCHAR, 'N', instruction. The syntax of NEWCHAR is as 
follows: 

N:number 

where "number" is the number in the ASCII sequence. Thus, if we wanted to replace the character "A" 
with some other pattern, we would give the following NEWCHAR instruction: 

N:65 

Once we have specified which character we want to redefine, we must give the new pattern. Each 
character occupies a block of dots which is 8 dots across and 8 dots down. Each of the dots within the 
block of 64 dots is either "off" or "on". The dots which are "on" form the character. After the NEWCHAR 
opcode is specified, we must define the new dot pattern as a grid of 8 rows of 8 dots. 

For exampe, let's redefine the '$' symbol as a backslash. The ASCII code for the '$' is 36. Try the following 
program: 

N:36 
x ••••••• 
• x •••••• 
• • x ••••• 
• •• x •••• 
• ••• x ••• 
• •••• x •• 
• ••••• x • 
• •••••• x 
T:$$$$$$ 
W:20 

(End of program) 

A dot indicates that the background color should appear in that position, an "x" indicates the foreground 
color. The last two instructions were included so that you can see the effect of the change. Notice that you 
have now changed the '$' key into the backslash symbol. If you press '$', shift 4, you will get the backslash 
symbol appearing on the screen. This change stays in effect until another 'N:' instruction is issued for that 
particular character code, or until you exit the PILOT program. Essentially, you can redefine the whole 
character set. 

Another way to display characters is by using the 'T:' instruction followed by a number sign, and the 
numeric representation of an ASCII character. For example: 

T:#65 

will display the character "A". This is an inefficient method to display a standard character on the screen, 
but an effective way to display your programmable characters. 
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Programmable characters may also be used for creating animation (i.e., typing characters is much faster 
than drawing lines). Enter the following instructions: 

TS: 
N:91 
• ••• x ••• 
• ••• x ••• 
• ••• x ••• 
xxxxx •.. 
••• xxxxx 
• •• x •••• 
• •• x •••• 
• •• x •••• 
N:92 
• .•••• x. 
x •••• x •• 
· xx .. x .. 
· . . xx ... 
· . . xx ... 
• • x • • xx. 
x ••••••• 
x •••.••• 
N:93 
• x •••••• 
• • x •••• x 
• •• x •• x. 
• .• xxx •• 
· . xxx ... 
• x •• x ••• 
x •••• x •• 
• ••••• x • 
c: X = 0 
*LOOP G:M100,100;T 
T:[ 
G:M100,100;T 
T:' 
G:M100,100;T 
T:] 
J(X<1000):LOOP 

The characters used are #91 (1 ), #92 (\), and #93 ( 1 ). Again, once you have run the program, the special 
characters appear in their new form (even in the EDIT mode). If, however, the animation is too fast for pro
per effect, insert a 'W:1' before each TYPE instruction. 
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18.0 Sprites 

One of the most interesting features of the Commodore 64 is the ability to display moveable objects 
called "sprites." Sprites are graphic images that you define and move anywhere on and off the screen. 
Sprites are especially suited for video graphics and arcade-type animation. Up to eight sprites can be 
displayed on the screen at any given time. Sprites can be single or multi-colored and can be expanded in 
the X and/or the Y directions. They can even be combined with each other to create large and colorful 
graphic images. Sprites can be assigned priorities which allow them to pass in front of, or behind each 
other or background data. In this manner, true 3D graphics can be created. 

Two PILOT instructions are used to define and control sprites on the Commodore 64: 

• BIT-PATTERN - To define the sprite pattern 
• SPRITE - To control the sprite 

The BIT-PATTERN instruction consists of an opcode (B:) and a sprite number (0-7), followed by a dot pat
tern. Start the program: 

B:2 

· ......... . xxx ......... . 
....•.•.• xxxxxxx .•...... 
........• xxxxxxx •.••.... 
••••.••.• xxxxxxx .....••• 
• ••••••••••• x ••••••••••• 
••.•••• xxxxxxxxxxx ..•••• 
.••••• xx.xxxxxxx.xx .••.• 
••.•• xx •.. xxxxx ... xx •••• 
•••• xx •... xxxxx .... xx ••• 
... xx .•... xxxxx ..•.. xx .. 
. xxx ....• xxxxxxx •••.. xxx 
........• xxxxxxx .•.....• 
.....•..• xxxxxxx ...•..•. 
........ xxxx.xxxx ••..... 
· ...... . xxx ... xxx ...... . 
•••••••• xxx .•. xxx ...•••• 
......• . xxx ... xxx ...... . 
•••••••• xxx ... xxx ...•••. 
· ...... . xxx .. d'\ xxx ...... . 
•••••• xxxxx ... xxxxx .•••• 

The bit pattern consists of 21 rows of 24 pixels. As with the NEWCHAR instruction, a dot corresponds to 
the background color and an "x" corresponds to the foreground color. 

To display a sprite on the screen, use the following SPRITE instruction: 

S:number; operation list 

where "number" is the sprite number. There are several operations which can be included in the "opera
tion list." We begin with the simplest ones. 

Continue the program with the SPRITE instruction and WAIT statement: 

S:2; E1 ;CO; L 100,100 
W:100 

The preceding sprite instruction includes an 'E1' operator which turns "ON" the sprite and makes it visi
ble. The 'CO" operator sets the foreground color of the sprite to black (0). The "L 100" operator positions 
the upper left corner of the sprite at x,y location 100,100. 

Please Note: The color operation sets the color for this sprite only; it does not effect the foreground color 
of other sprites. 
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Sprites are positioned by their upper left corner because they can be enlarged to the right and downward. 
To double the size horizontally, use the 'X1' operator. To restore a sprite to its original horizontal size, use 
the 'XO' operator. Try adding the following three sequences of instructions to the previous program: 

S:2;X1 
W:20 
S:2;XO 
W:20 

To double the size vertically, use the 'Y1' operator. To restore a sprite to its original vertical size, use the 
'YO' operator. For example: 

S:2;Y1 
W:20 
S:2;YO 
W:20 
S:2;X1;Y1 
W:20 

A sprite can be turned "OFF" using the 'EO' operator. For example: 

S:2;EO 
W:20 
S:2;E1 
W:20 

There are several ways to make multi-colored sprites. Sprites can be displayed in single color mode or in 
multi-color mode. The operators are 'MO' for single color (which we've been using thus far) and M1 for 
multi-color mode. In multi-color mode, we have to set three colors instead of a single foreground color. 
The other two colors are set using the Rand Q operators with the desired color numbers. To experiment, 
replace the first SPRITE instruction in your program with the following: 

S:2;E1; L 100,1 00;C4; M 1; R 1 0;Q6;XO;YO 

The effects will be more clearly evident in the enlarged figure. Increase the number on the WAIT instruc
tion so you have a chance to study the effect. The arms of the figure will have alternating colors and a third 
color will be in the body of the figure. 

With multi-color mode, alternating rows of pixels are treated as consisting of 12 'pairs' of bits. There are 
four possible combinations of pairs of pixels: 

To select the background color for the sprite 
X X To select the 'R' color of the sprite 
X. To select the 'C' color of the sprite 
. X To select the 'Q' color of the sprite 

Redo the BIT-PATTERN instruction of our current sprite to make more effective use of the multicolor 
mode. We will use the 'Q' color for the head and arms, the 'R' color for the upper body, and the 'C' color for 
the lower body. For example: 
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6:2 

.xxxx . 
• • • xxxxxxxx •• 
• • • xxxxxxxx •• 
.. xxxxxxxx • 

. . . . . . xxxx ......... . 
• x.x.x.x.x.x •.••••• 

..•• x ••• x.x.x.x •.• x •• 
•. xx •• x.x.x.x ••• xx • 

.• xx. • x.x.x.x .•••• xx .• 
•• xx ••.. x.x.x.x. .xx •• 
xx •• 
xx. 

•• x.x.x.x •• 
.x.X.x.X •• 

. ... x.x.x.x .. 
• X.x.X.x.X.x • 

.. x.x.x.x.x.x .. 
· . x. x. 
• • x. x •• 
.. x.x. 

.. x.x. 
• x. x •• 
• x. x •• 

.xx 

.xx 

. • . x. x. 

. x.x.x .. 
. . x. x • 
.x.x.x .. 

Add the following instruction at the end of the previous program: 

S:3;E1;RO 

When you run the program again, nothing appears for the third sprite (no bit pattern had been defined for 
it). However, the 'R' color on sprite 2 changes. 

Note: All multicolored sprites use the same 'R' and 'Q' color. However, each individual sprite has its own 
'C' foreground color. 

By defining another bit pattern, we can explore the interaction of sprites. For example: 

6:3 

xx •• 
. xx .• 
• • xx •• 
· . . xx .. 

• xx . 
• xx. 

. . . . xx ... 

•• xx 
..xx. 

· . . xx .. 
· . xx. 

. • xx • 

.xx • 
. . . xx ... 

. . . . xx ...... xx .. 

· . . . xx •••• xx • 
• xx .• xx. 

.•• xxxx •.• 

. . xx .. xx ... 

. xx •.•. xx. 
· . xx ... • xx •• 
• xx. 

· ... . xx .. 
· .. . xx .. 
· . . xx .. 
•• xx. 
. xx. 
xx .... 

..xx .. 
. . xx .. 

•• xx. 
.xx . 
. . xx .. 

· .. . xx . 
.... xx 
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To display our new sprite, input the following instruction after the last line of the previous instruction: 

S:3;E1;M1;C14;L50,50;X1;Y1 

This instruction has no effect on sprite 2 because we did not change either the 'R' or 'Q' color. 

To move the new sprite, input the following: 

C: P = 50 
* LOOP S:3;LP,P 
C: P = P+ 1 
J(P< 190): LOOP 

(End of program) 

As you run the program, notice that the large 'X' (sprite 3) passes behind the 'figure' (sprite 2). This occurs 
because the 'figure' has a higher priority than the 'X'. The lower the sprite number, the higher the priority. 
You can make the 'X' pass in front of the 'figure' by converting all sprite 3 references to sprite 1. The 
background "off" pixels (Le., dots) of the "top" sprite let the colors of the "bottom" sprite show through. 

We can also set the priority of the sprites relative to any background data on the screen: 

• Operator 'PO' - places sprites in front of background data 
• Operator 'P1' - places sprites behind background data 

See Appendix VII for the Sprite Operator Reference Table. 

Earlier, we stated there were several ways to get multiple colors in a single figure on the screen. Two or 
more sprites can be used to form a single figure. Our first figure could have been represented by the 
following two sprites and bit patterns: 

8:2 · . . . . . . . . . . . . . . . . . . . . . . . 
· ....•.... . xxx ......... . 
......... xxxxxxx ....... . 
•.•.••••• xxxxxxx •.••.... 
......... xxxxxxx ....... . 
• ••••••••••• x ••••••••••• 
••••••• xxxxxxxxxxx •••••• 
•••••• xx.xxxxxxx.xx ••••• 
••••• xx ••• xxxxx ••• xx •••• 
•••• xx •••• xxxxx •••• xx ••• 
••• xx ••••• xxxxx ••••• xx •• 
• xxx ••••• xxxxxxx ••••• xxx · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . . . . . . . . . 
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B:4 · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . 
••.•••••• xxxxxxx •••••••• 
••••••••• xxxxxxx •••••••• 
•....•••• xxxxxxx .•••.... 
•••••••• xxxx.xxxx ••••••• 
•••••••• xxx ••• xxx ••••••• 
•••••••• xxx ••• xxx ••••••• 
•••••.•• xxx ••• xxx ••••••• 
••.••••• xxx ••• xxx ••••••• 
•••••••• xxx ••• xxx ••••••• 
•••••• xxxxx ••• xxxxx ••••• 

Then, input the following to combine these two sprites into a single, two-color figure: 

C: P = 100 
S:2;E1;LP,P;C4;X1;Y1 
S:4;E1 ;LP,P;C6;X1 ;Y1 
W:30 

For convenience, we suggest using a piece of graph paper to design your characters and sprites. Also, 
you might want to make a screen overlay out of plastic (with numbered rows and columns). This will make 
it easier when implementing the BIT-PATTERN instruction. 

Included on the PILOT diskette is a sample program, "SPRITES", which lets you easily create and display 
sprites. This program contains eigth BIT-PATTERNS and the corresponding commands for each sprite. To 
load "SPRITES", press RUN/STOP to get into command mode. Type 'L' followed by 'SPRITES'. After the 
program has loaded, type 'R' to run it. Press the space bar to display the predefined eight sprites. To alter 
the sprites, enter the edit mode by pressing the RUN/STOP key followed by 'E'. You can now modify the 
BIT-PATTERNS along with the color, mode, XIY expansion, etc. These sprites can now be used by re
entering these exact instructions into your existing PILOT programs. Another method is to use the actual 
instructions in this program. Simply delete all necessary instructions and save the program under another 
name. 
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19.0 Sound 

The information presented on sound is highly technical and is directed to the experienced programmer. 
The sound feature of PILOT on the Commodore 64 is strictly an enhancement and is not required to effec
tively use the PILOT language. 

In order to use sound on the Commodore 64, you need to know about the organization of a computer, so 
here is a brief explanation of BITS, BYTES and REGISTERS: 

BIT - This is the smallest amount of information a computer can store. Think of a BIT as a switch 
that is either "ON" or "OFF". When a BIT is "ON", it has a value of 1; when a BIT is "OFF", it has a 
value of O. 

BYTE - This is a series of eight BITs treated as a single entity. Each BYTE is an actual memory 
location. Since a BYTE is made up of eight BITs, you can actually have a total of 256 different com
binations (0 through 255). In other words, you can have all BITs "OFF", so your BYTE will look like 
this: 

128 64 32 16 8 4 2 1 
~~--~O--~~O=-~~O--~~O -r-

Lt 
__ O __ ~ __ O __ ~_~ 

and its value will be zero. All BITs "ON" will look like this: 

128 64 2 3=2 __ ~_16~~ 8 4 

1 r ~_I __ --,----____ --,--__ ----, 

which is 128 + 64 + 32 + 16 + 8 + 2 + 1 = 255. 

The eight BITs of a BYTE are numbered 0 through 7, with BIT 0 located at the far right. BITs 0 
through 3 are referred to as the "low order" BITs and BITs 4 through 7 are referred to as the "high 
order" BITs. 

REGISTER - A REGISTER is one or more BYTEs that perform a specific task. On the Commodore 
64, a REGISTER is eight BITs or one BYTE, with each REGISTER occupying its own unique 
memory location. A series of REGISTERs make up a REGISTER MAP. 

In order to use sound on the Commodore 64, it is necessary to alter specific BITs within a REGISTER. This 
is done by storing a decimal value into the REGISTER. The decimal value to be stored is computed byadd
ing the values of the BITs that are to be turned "ON". For example, if we wanted to turn all the BITs within a 
REGISTER "ON" (as in the previous chart), we would store the decimal value of 255 (128 + 64 + 32 + 16 
+ 8 + 4 + 2 + 1) into that REGISTER. If we wanted to turn only the two "low order" BITs of a REGISTER 
"ON", we would store the value of 3 (2 + 1) into that REGISTER. BITs 0 and 1 would be turned "ON" and all 
other BITs (2 through 7) would be turned "OFF". Now, let's continue with our discussion on sound. 

The Commodore 64 contains a powerful device for generating an immense variety of sounds, the 6581 
Sound Interface Device (SID) chip. This device is a Single chip, three-voice electronic music synthesizer 
and sound generator. Within the SID chip, there are 29 eight-bit registers which control the generation of 
sound. A register map appears in Appendix III. PILOT includes the VOICE, 'V:' instruction for controlling 
the generation of sound by loading specific numbers into the SID chip registers as follows: 

V:register number,value 

We will first describe controlling the sound generation chip. Then, we will write an editor to experiment 
with the various sounds for determining the numbers to be loaded into the various registers. 
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In the SID chip, three independent channels or "voices" can be controlled. Each voice is controlled by 
seven registers; there are three common registers used to control certain features for all voices. In our 
discussion, we will concentrate on voice one and the associated seven registers (0·6). The same theory 
will apply to voice two (add seven to the register numbers) and to voice three (add 14 to the register 
number). The common registers are numbers 22, 23, and 24. 

All three voices are controlled by a single volume control which sets the master volume. The master 
volume can be any value between zero (Silence) and 15. Among other functions, register 24 sets the 
volume. To set the volume to the maximum, use the following instruction: 

V:24,15 

In our example, the number 24 is the register number; 15 is the value to be loaded into the register. 

The frequency for each voice is set by loading two adjacent registers, Freq Lo and Freq Hi, with a 16 bit 
number. This is done by specifying the decimal equivalents for the two adjacent registers. A complete 
table of music note values is given in Appendix IV. 

There are two ways to set the frequency values for each voice. One way is to directly store the Freq Lo and 
Freq High values (listed in Appendix IV) into the respective registers. The following instruction will set the 
frequency for voice one to the value of middle C: 

V:O,135;1,33 

The other method is to convert the decimal frequency (listed in Appendix IV) into Freq Lo and Freq High 
frequency values. The following compute instruction stores the decimal value for middle C (8583) into the 
variable F. Then, the voice instruction converts the decimal number into the Freq Lo and Freq High values 
and stores it into the frequency registers of voice one. For example: 

C:F=8583 
V:O,CH R(F);1 ,CH R(F/256) 

Notice that several registers can be set with a single VOICE instruction. The instruction works because 
the CHR function takes only the lower eight bits from the number. 

Several instruments may have the same frequency or pitch, but produce very different sounds. Perhaps 
the most important factor is the way the volume changes during the production of a note. An instrument 
which is blown or bowed produces a note which builds relatively slowly in volume yet maintains a high 
volume throughout the duration. In contrast, an instrument which is struck (Le., piano, drum) produces the 
maximum volume almost instantaneously, and then dies away quickly. The Commodore 64 allows you to 
control this volume "envelope" to simulate familiar instruments, or to create new types of sound. The 
volume envelope consists of four parameters: ATTACKIDECAY/SUSTAIN/RELEASE (ADSR). Here is a 
graphic representation of these parameters: 

SUS1 AIN LEVEL --

I I 

A : 0 : s j R ; 
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The following is a description of each parameter: 

ATTACK The ATTACK cycle begins when the note is turned "ON". ATTACK controls the RATE at 
which the note rises from zero volume to its peak volume. Zero is the fastest (approximate
ly .002 seconds) and 15 is the slowest (approximately eight seconds). 

DECAY The DECAY cycle follows the ATTACK cycle. DECAY controls the RATE at which the note 
falls from peak to the SUSTAIN level. Zero is the fastest (approximately .006 seconds) and 
15 is the slowest (approximately 24 seconds). 

SUSTAIN 

RELEASE 

SUSTAIN is not a rate, but a volume level ranging from zero (no volume) to 15 (maximum 
volume). The SUSTAIN cycle follows the DECAY cycle and the note will remain at the 
selected SUSTAIN level until the note is turned "OFF". 

The RELEASE cycle begins when the note is turned "OFF". RELEASE controls the RATE 
at which the volume falls from the SUSTAIN level to zero. Zero is the fastest (approximate-
ly .006 seconds) and 15 is the slowest (approximately 24 seconds). 

The ATTACK and DECAY parameters are combined into one eight-bit register (see Chart in Appendix III). 
The upper four bits are used to select the ATTACK rate and the lower four bits are used to select the 
DECAY rate. The ATTACK and DECAY parameters are stored into this register value using the following 
formula: 

ATTACK * 16 + DECAY 

The ATTACK and DECAY value is loaded into register 5 for voice one. The same applies to the SUSTAIN 
and RELEASE parameters, which are combined into an eight-bit register using the following formula: 

SUSTAIN * 16 + RELEASE 

The SUSTAIN and RELEASE value is loaded into register 6 for voice one. Thus, to specify that voice one 
has an ATTACK value of '5', DECAY value of '6', SUSTAIN value of '1', and RELEASE value of '8', use the 
following instruction: 

V:5,86;6,120 

Another important factor in distinguishing one tone from another is the overtone pattern or "waveform". 
There are four different waveforms available for each voice: TRIANGLE, SAWTOOTH, PULSE, and NOISE. 
For each voice used, you may only choose one waveform. The TRIANGLE waveform has harmonics and 
produces a mellow or flute-like quality. The SAWTOOTH waveform is rich in harmonics and has a bright 
and brassy quality. 

The PULSE waveform gives a variety of tone qualities ranging from a bright, hollow square wave to a nasal, 
reedy pulse. The harmonic content of this waveform can be adjusted by the value in the Pulse Width 
registers. There are two Pulse Width registers for each voice: PW LO (8 bits) and PW HI (4 bits); these 
registers are numbered 2 and 3 respectively for voice 1. Rapidly jumping between different Pulse Widths 
can produce interesting harmonic sequences. A dynamic "phasing" effect can be achieved by rapidly 
sweeping the value in the Pulse Width registers. Note, when the Pulse waveform is selected, a value other 
than zero must be in the Pulse Width registers in order for the sound to be audible. 

The last waveform available to you is the NOISE waveform which generates random signals. Depending 
on the value in the frequency registers, the sound quality of the NOISE waveform can be varied from a low 
rumbling to a hissing white noise. NOISE is useful in creating gunshots, explosions, jet engines, wind, 
surf and unpitched sounds, as well as snare drums and cymbals. Sweeping the value in the frequency 
registers produces a dramatic rushing effect. 

Further alterations of the tone quality can be made by use of the "filter". The SID chip is equipped with 
three modes of filtration: Low Pass, Band Pass and High Pass. The filter modes can be used separately or 
in combination with each other. The "Cutoff Frequency" is the reference point for the filter and deter
mines which frequencies pass through unaltered, and which frequencies are attenLated (lessened in 
amount, force or value; tapered gradually). The numbers for setting the Cutoff Frequency are completely 
independent of the numbers for setting the frequencies for the voices. The Cutoff Frequency is set by 
loading an 11-bit number into the two Cutoff Frequency registers: FC LO (3 bits) and FC HI (8 bits). These 
registers are numbered 21 and 22 respectively. 
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Here is an explanation of how filtration works. Bits 4, 5 and 6 of register 24 determine which filter modes 
are used (see Appendix III). 

LP - Low Pass is selected by turning bit 4 of register 24 "ON". When Low Pass is selected, all frequency 
components below the Cutoff Frequency are passed unaltered, while all frequency components above 
the Cutoff Frequency are attenuated. The Low Pass mode produces full-bodied sounds. 

BP - Band Pass is selected by turning bit 5 of register 24 "ON". All frequency components above and 
below the Cutoff Frequency are attenuated. The Band Pass mode produces thin, open sounds. 

HP - High Pass is selected by turning bit 6 of register 24 "ON". All frequency components above the 
Cutoff Frequency are passed unaltered, while all frequency components below the Cutoff are attenuated. 
The High Pass mode produces tinny, buzzy sounds. 

You may have noticed that register 24 also determines the master volume of the SID chip (0 to 15). The 
following formula is used to set the filter options along with the master volume: 

Register 24 value = VOL + 16*LP + 32*BP + 64*HP 

where LP, BP and HP are the filter options: '1' if used and '0' if not used. Any combination of the three 
filters can be selected. 

The lower three bits of register 23 determine which voices are routed through the filter. Register 23 also 
controls the Resonance of the filter. Resonance is a peaking effect which emphasizes frequency com
ponents at the Cutoff Frequency of the filter, causing a sharper sound. Values can vary between 0 (no ef
fect) and 15 (maximum effect). The formula for setting the resonance and determining which voices are 
routed through the filter is: 

Register 23 Value = Resonance*16 + FILT1 + 2*FILT2 + 4*FILT3 

where FILT1, FILT2 and FILT3 determine which voices are filtered: '1' if filtered and '0' if not. Any combina
tion of the three voices may be routed through the filter. 

The programmable filter is one of the most important features of SID and may require some experimenta
tion. The best results are achieved by varying the Cutoff Frequency in real-time to produce a multitude of 
sounds. 

Now, we will discuss the most important register for each voice, the Control Register. A Control Register 
exists for each voice. These registers are numbered 4, 11 and 18 respectively for voices 1,2 and 3. Each 
Control Register contains eight control bits for the selection of various options: 

GATE (Bit 0) - The GATE bit is what actually triggers the sound. When the GATE bit is set to a one, the 
envelope generator is triggered and the A TTACKIDECAY/SUSTAIN cycle is initiated. When the bit is reset 
to zero, the RELEASE cycle begins. The GATE bit must be set (along with suitable ADSR parameters) for 
the output of the voice to be audible. 

SYNC (Bit 1) - The SYNC bit, when set to a one, synchronizes the fundamental frequency of voice 1 with 
the fundamental frequency of voice 3, producing "Hard SYNC" effects. Varying the frequency of voice 1 
with respect to voice 3 produces a wide range of complex harmonic structures from voice 1 at the frequen
cy of voice 3. In order for SYNC to occur, voice 3 must be set to some frequency other than zero, but 
preferably lower than the frequency of voice 1. No other parameters of voice 3 have any effect on SYNC. 

RING MOD (Bit 2) - The RING MOD bit, when set to a one, replaces the TRIANGLE waveform output of 
voice 1 with a ring modulated combination of voice 1 and 3. Varying the frequency of voice 1 with respect 
to voice 3 produces a wide range of non-harmonic overtone structures for creating bell or gong sounds, 
and for speCial effects. In order for RING MOD to be audible, the TRIANGLE waveform of voice 1 must be 
selected and voice 3 must be set to some frequency other than zero. No other parameters of voice 3 have 
any effect on RING MOD. 

TEST (Bit 3) - The TEST bit, when set to one, resets and locks voice 1 at zero until the TEST bit is cleared. 
Normally, this bit is used for testing purposes. 

TRIANGLE (Bit 4) - When set to one, the TRIANGLE waveform is selected. 

SAWTOOTH (Bit 5) - When set to one, the SAWTOOTH waveform is selected. 

68 



PULSE (Bit 6) - When set to one, the PULSE waveform is selected. 

NOISE (Bit 7) - When set to one, the NOISE waveform is selected. 

The following table indicates the decimal values to be combined and stored into the Control Register to 
achieve the different settings: 

NOISE waveform 
PULSE waveform 
SAWTOOTH waveform 
TRIANGLE waveform 
RING MOD 
SYNChronization 
GATE 

(bit n 
(bit 6) 
(bit 5) 
(bit 4) 
(bit 2) 
(bit 1) 
(bit 0) 

128 
64 
32 
16 
4 
2 
1 

For example, to select and turn on the noise waveform for voice 1 without RING or SYNC, we would load 
the value of 129 (128 selects noice and turns the GATE "ON") into register 4. This sound will remain "ON" 
until we turn the GATE bit "OFF" by loading the value of 128 (128 selects noise and 0 turns the GATE 
"OFF") into register 4. At this point, the release cycle will be initiated and the sound will diminish accord
ing to the release rate selected. 

Although possible, it is not suggested that you select more than a single waveform. Multiple waveforms in 
some cases (mainly in combination with Noise) can "lock up" the sound generator. 

We are now ready to create our first sound on the Commodore 64. Try entering the following instructions: 

V:24,15 (Set volume to the maximum) 
V:5,86;6,120 (Set ATTACKIDECAY/SUSTAIN/RELEASE for voice 1) 
V:0,135;1,33 (Set frequency to Middle C values listed in Appendix IV) 
V:4,33 (Set SAWTOOTH waveform and GATE "ON") 
W:5 (Delay for half a second) 
V:4,32 (Set SAWTOOTH waveform and GATE "OFF") 

(End of program) 

Let's now write an editor for experimenting with sound generation. The editor is built around a screen 
display which shows the current values of the various parameters. The user can change the various sound 
parameters and hear the results. (This sound editor program is included on the PILOT diskette.) We now 
begin entering the program with some housekeeping chores: 

PR:E 
D:Y$(72) 
D:Z$(1) 
C:Y$ = "000000000000000000000000" 
C:Y$ = Y$! !Y$!!Y$ 
J:@P 

The string variable 'Y$' is filled with zeros by the two COMPUTE instructions. The length is actually a cou
ple of bytes longer than needed, but is a multiple of 3 for convenience in initializing. The JUMP instruction 
avoids improper entry into the following subroutines. Continue by entering the following lines exactly as 
they appear (pay special attention to spacing): 
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!44SCREEH 0:80 
TSH:'.IOICE(1-3) 
:(121-15) 

RES 

T: 

T:REI3ISTER 
#f~ <- LOI"" F'l""l!'q Atta.ck (0-1~) 
#B .r-

"- Hl.9h " Del:,:I.~ (Ir.~-15 > 
#C ("-'. lellJ,l Pu.lse 
#D ('- Hi9h " 81).$t". i n (0-1 ~) '. 
#E Re te.!!I.sl!!' (0-1.5) 
4+F' 
#13 
21 (- CI.lt F'r'eo!l SLoJITCHES 
22 <"- Hi9h 1/ Filtiltt'" CIJ.t.3 '. 

23 Hi9h BS.ltd 
24 LOI;.! S::tnc 

R i 'fI'd 

LoJAVEF'ORM 
Noi~iI!' 128 

F'IJ. 1. se 64 Sa.l...,tooth 32 Trh.n'ilte 16 
13:85 
E: 

As we discussed earlier, three separate voices are available. Seven registers are needed to provide the in· 
formation for each voice and four other registers contain common information for all three voices. The list 
of registers and their contents will be listed on the left side of the screen. Seven of the register numbers 
are variables which will be set when one of the three voices is selected. The register list is included so that 
the user can transcribe the information for use in other PILOT programs. The remaining entries will be 
covered later. 

The next subroutine fills the screen with the current values of the registers. These values are actually 
stored in the string variable 'Y$'. This editor program is designed to allow setting of the parameters for one 
voice at a time, but all three voices can be played at once. Therefore, we need a way to store the informa
tion for all three voices. There are not enough variables available to do this in the obvious way, so we pack 
the numbers into a list in the string variable. The maximum value for any of the parameters is 255, so we 
allow 3 bytes for each number(255 is three digits long in string form). The variables 'K' through 'Q' contain 
the contents of the seven registers for each voice. The variable 'H' contains the number of the voice that 
we are currently working with. The following table shows the positions for the data in the string 'Y$': 

Variable H = 1 H = 2 H = 3 

K 8 29 50 
L 11 32 53 
M 14 35 56 
N 17 38 59 
o 20 41 62 
P ~ M ~ 

Q 26 47 68 
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The first seven positions in 'Y$' are used for data we will discuss later. We use the information in the 
preceding table to pull the current values of the variables from the string. The COMPUTE instruction's 
autoconversion capabilities from strings to numbers is very useful here. Continue to enter the following: 

*FILL 
C:K = Y$ (H*21 -13,3) 
C:L = Y$ (H*21 -10,3) 
C:M = Y$ (H*21 -7,3) 
C:N = Y$ (H*21 - 4,3) 
C:O = Y$ (H * 21 - 1,3) 
C:P = Y$ (H*21 + 2,3) 
C:Q = Y$ (H*21 + 5,3) 

Here are several instructions for moving the text cursor and filling in the screen form. The tables from 
Chapter 16 contain the needed numbers to position the cursor. The following TYPE variable instructions 
have two spaces after the variables (not visible in the program listing). Without these spaces, overtypirQ 
an old value of "255" with a new value of "0" will give the confusing display "055" when the value is actual
ly zero. 

G:M88,184;T 
T:#H 
G:M192,184;T 
T:#I 
G:M304,184;T 
TH:#J 
G:M32,160;T 
T:#K 
G:M32,152;T 
T:#L 
G:M32,144;T 
T:#M 
G:M32,136;T 
T:#N 
G:M32,128;T 
T:#O 
G:M32,120;T 
T:#P 
G:M32,112;T 
T:#Q 
G:M32,104;T 
T:#R 
G:M32,96;T 
T:#S 
G:M32,88;T 
T:#T 
G:M32,80;T 
T:#U 
C:V = (0/16)*16 
C:Y$(7) = (0 - V)/4 
C:Y$(6) = (0 - V - 4*Y$(7))/2 
G:M184,56;T 
T:#V 

Be careful not to confuse the letter "0" with the number "0". 
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As you recall, the ATTACK and DECAY parameters can each have a value between zero and 15. These two 
parameters are loaded into one SID register as a single eight bit number. As you can see in Appendix III, 
ATTACK uses the high bits and DECAY uses the low bits. The following instructions split the current 
value of the register into the two pieces, ATTACK/DECAY: 

C:W= P/16 
C:X=P-W*16 
G:M296,160;T 
T:#W 
G:M296,152;T 
T:#X 

The same is used for the SUSTAIN/RELEASE pair. 

C:W=Q/16 
C:X=Q- W*16 
G: M296, 136;T 
T:#W 
G:M296,128;T 
T:#X 

The switches require only a single byte, and we are getting very short of variables. Therefore, we use the 
first seven bytes of 'Y$' to store the values of the seven switches. To type the switches, we have to move 
them into '2$'. 

G:M240,96;T 
C:2$=Y$(1) 
T:$2$ 
G:M304,96;T 
C:2$ = Y$(2) 
T:$Z$ 
G:M240,88;T 
C:Z$= Y$(3) 
T:$Z$ 
G:M304,88;T 
C:Z$= Y$(4) 
T:$Z$ 
G:M240,80;T 
C:Z$=Y$(5) 
T:$Z$ 
G:M304,80;T 
C:Z$= Y$(6) 
T:$Z$ 
G:M240,72;T 
C:Z$= Y$(7) 
T:$Z$ 
E: 
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Now we are ready to start the main program. First, the computer prompts the user for a voice number. 
Next, the user is prompted to set all of the parameters for that voice: 

PR: 
U:SCREEN 
*NEXT G:M88,184;T 
AS:#H 
J(H = O! H> 3):NEXT 
C:A = (H -1)*7' 
C:B=A+ 1 
C:C=A+2 
C:D=A+3 
C:E=A+4 
C:F=A+S 
C:G=A+6 
U:SCREEN 
U:FILL 

The first parameter we set is the volume level. As you recall, the master volume affects all three voices and 
can have a value between zero (OFF) and 15 (maximum). Input the following instructions: 

G:M192,184;T 
A: 
C(%B<> CHR(O»:I = %B 

The preceding COMPUTE instruction checks for a "RETURN" response. The "RETURN" response loads 
the null character into the answer buffer. The null character is not available from the keyboard, so we have 
to use the CHR function to test for "RETURN". If the user presses 'RETURN', we preserve the previous 
setting. This technique will be used throughout the program, as in the following instructions which set the 
resonance (resonance determines the peaking effect of the filter; 0 sets no resonance and 15 sets max· 
imum resonance): 

G:M304,184;T 
A: 
C(%B<>CHR(O»:J = %B 

The next step is to set the frequency for this particular voice. This is done by setting the two voice specific 
registers labelled FREQ LO and FREQ HI. Appendix IV contains a complete list of frequency values for the 
eight octave scale. Frequencies range from a low of 1,12 to a high of 253,46 (given as FREQ LO and FREQ 
HI). As before, we allow the user to simply push "RETURN" to leave the value unchanged. 

G:M32,160;T 
A: 
C(%B<>CHR(O»:K = %B 
G:M32,152;T 
A: 
C(% B< > CH R(O»:L = % B 

Next, we set the pulse width which controls the width of the pulse waveform. The low register can be any 
number between zero and 255; the high register can be any number between zero and 15. This pair of 
registers effects only the pulse waveform and has no effect on other waveforms. Remember, if the pulse 
waveform is selected, the pulse width must contain a value other than zero in order for the sound to be 
audible. 

G:M32,144;T 
A: 
C(%B<> CHR(O»:M = %B 
G:M32,136;T 
A: 
C(%B<>CHR(O»:N = %B 
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We'll now set the two register pairs ATTACK/DECAY and SUSTAIN/RELEASE. As previously discussed, 
these four parameters set the volume envelope for the sound. 

C:W = P/16 
C:X= P-W*16 
G:M296,160;T 
A: 
C(%B<>CHR(O)):W= %B 
G:M296,152;T 
A: 
C(%B<>CHR(O)):X= %B 
C:P=16*W + X 
G:M32,120;T 
T:#P 

The ATTACK/DECAY register is a composite of two four bit numbers. We form the composite (16*W + X) 
and display the result. This pattern also applies to the next two parameters, SUSTAIN/RELEASE. 

C:W=Q/16 
C:X=Q-W*16 
G:M296,136;T 
A: 
C(%B<>CHR(O)):W= %B 
G:M296,128;T 
A: 
C(%B<>CHR(O)):X= %B 
C:Q= 16*W + X 
G:M32,112;T 
T:#Q 

Cutoff Frequency is set by another highllow pair of registers, FC LO and FC HI. This sets the Cutoff Fre· 
quency for the various filters which can be used. 

G:M32,104;T 
A: 
C(%B<> CHR(O)):R = %B 
G:M32,96;T 
A: 
C(%B <>CHR(O)):S = %B 

In this program, each of the functions labelled as a switch can be set by the user with a single character. 
The user determines which of the voices will be passed through the filter according to the following table: 

o No voices filtered 
1 Voice 1 filtered 
2 Voice 2 filtered 
3 Voices 1 and 2 filtered 
4 Voice 3 filtered 
5 Voices 1 and 3 filtered 
6 Voices 2 and 3 filtered 
7 All voices filtered 

Continue entering the following code: 

G:M240,96;T 
AS: 
C(%B <>CHR(13)):Y$(1) = %B 
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Because the response is a single byte, we use the 'AS:' instruction. A simple "RETURN" response with an 
'AS:' loads a carriage return into the answer buffer. The carriage return is 'CHR(13),. We now set all the 
other switches to "ON" (1) and turn "OFF" the indicated ones. 

G:M304,9S;T 
AS: 
C(%B <>CHR(13»:YS(2) = %B 
G:M240,SS;T 
AS: 
C(%B <>CHR(13»:YS(3) = %B 
G:M304,SS;T 
AS: 
C(%B<>CHR(13»:YS(4) = %B 
G:M240,SO;T 
AS: 
C(%B<>CHR(13»:YS(5) = %B 
G:M304,SO;T 
AS: 
C(%B< >CHR(13»:YS(S) = %B 
G:M240,72;T 
AS: 
C(%B<>CHR(13»:YS(7) = %B 

We now compute the composite values for the remaining registers. Register 23 holds the resonance and 
filter "ON"/"OFF" information. 

C:T=1S*J + YS(1) 
G:M32,SS;T 
T:#T 

Register 24 contains Cut3, High, Band, Low, and the volume information. (Cut3 cuts voice 3 off from the 
output. This allows voice 3 to operate for SYNC and RING MOD without being audible itself.) 

C:U = 12S*Y(2) + S4*Y(3) + 32 * Y(4) + 16*Y(5) + I 
G:M32,SO;T 
T:#U 

Remember, we do not have to include the '$' as part of the string variable name. We omit it in the COM· 
PUTE instruction to fit the expression on a single line. 

The last parameter we must set is the waveform. The possible values are covered by the screen prompt, as 
follows: 

G:M1S4,5S;T 
A: 
C(%B <>CHR(O»:V = %B 
C:V = (V/2)*2 
C:O = V + 2*YS(S) + 4*YS(7) 
G:M32,12S;T 
T:#O 

The COMPUTE instruction with the assignment "V = (V/2)*2" makes sure that the waveform parameter is 
an even number. An odd value here would interfere with the operation of the sound "ON"/"OFF" control. 
We now store the voice specific registers for future reference: 

*PLAY 
C:YS(H *21 - 13,3) = K 
C:Y$(H*21 -10,3)= L 
C:Y$(H*21-7,3)=M 
C:Y$(H * 21 - 4,3) = N 
C:Y$(H *21 - 1,3) = 0 
C:Y$(H * 21 + 2,3) = P 
C:Y$(H *21 + 5,3) = Q 
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This completes shaping the waveform. We now can make use of the data: 

TS:Now we'll set those. 
V:A,K;B,L;C,M;D,N;F,P;G,Q;21,R;22,S 
V:23,T;24,U 

The VOICE instructions load the registers (the first variable of each pair) with the appropriate value. We 
must leave the Control Register until last because it contains the "ON"/"OFF" switch. We now get the 
waveform registers for each voice: 

C:W = Y$(20,3) 
C:X = Y$(41 ,3) 
C:O = Y$(62,3) 
T: 
:Voices to play (Y or N) 
TH: Number 1? 
AS: 
M:Y!y 
CY:W=W+1 
TH: Number 2? 
AS: 
M:Y!y 
CY:X=X+1 
TH: Number 3? 
AS: 
M:Y!y 
CY:O=O+1 

We convert the waveform register to an odd number for each voice which is to be played. The odd number 
will set the GATE bit for a voice to "ON". Finally, we are ready to play the voices. All we need to do is load 
the proper registers. Input the following: 

V:4, W;11 ,X;18,0 
C:W=O 
W:30 
V:4,0;11,0;18,0 

The WAIT instruction determines the length of the sound. The second VOICE instruction turns the sound 
"OFF". Now, we restore the waveform register to its original value and go back for another setting: 

C:O = Y$(H*21 -1,3) 
J:NEXT 

The first instruction of the program enabled the automatic escape feature which will be explained in detail 
in Chapter 21. Any user response which begins with an "@" symbol will trigger a call to the subroutine 
labelled SYSX. We use the "@" symbol to allow a jump to the specific section which plays notes (without 
cycling through the whole program). 

*SYSX 
C:H=1 
E:PLAY 

(End of program) 

You will find this program to be a great help when integrating sound into your PILOT programs. Enjoy 
spending hours experimenting with various types of sounds. After you find the sounds that you want, 
simply jot down the register values for later use in your PILOT programs. 

To complete this chapter, we will write a program which uses a series of sound effects. Begin by clearing 
the 24 sound registers. Input the following: 

C:X=O 
*SET V:X,O 
C:X=X+1 
J(X < 25):SET 
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Next, let's create a siren sound by sweeping the frequency up and down (the outer loop controls the 
number of times the siren cycles; the two inner loops control the sweep up and the sweep down): 

TS: Siren 

C:I=5 
C:Y=20 
V:24, 15;5,255;6,240;0, 75;1,10;4,33 
*LOP C:X=20 
*LOOP V:1,X 
C:X=X+1 
J(X<40):LOOP 
*LOOP2 V:1,X 
C:X=X-1 
J(X >y):LOOP2 
C:I=I-1 
C(I=1):Y=2 
J(I):LOP 

Notice the last instruction "J(I):LOP". This instruction is read as "JUMP (IF I) to LOP". Instead of compar
ing "I" to a specific value, we are comparing "I" to zero. Any non-zero value will cause the condition to be 
true. 

Next, turn "OFF" the sound and clear the various registers: 

V:4,0;5,0;6,0;15,0;24,0 
W:10 
T: Gunshots 

J:@P 

To create a subroutine which produces a gunshot sound, input the following: 

*L 
V:1, 120;5,3;6,249;15,30;24, 15;4, 129 
W:1 
V:4,128 
E: 
PR: 
U:L 
W:5 
U:L 
W:20 
U:L 
W:20 
U:L 
W:15 
V:4,0 

Here are some other tone qualities: 

T: Ambulance 

V:24, 15;5,219;6,0;15,28;1,120;4,19 
W:10 
V:5,9;15,30;4,21 
W:10 
V:4,0 
W:10 
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We will finish by using the RING MOD feature to produce a bell-like tone: 

T: Too Late! 
C:X=O 
*TOLL 
V:1,39;15,20;4,21 
W:10 
V:4,20 
W:20 
C:X=X+1 
J(X < 5):TOLL 
V:4,0;24,0 

(End of program) 

The last instruction turns "OFF" the sound when the program is finished. 

In this chapter, we have only scratched the surface of the sound capabilities of the Commodore 64. For 
more information on programming sound, consult the Commodore 64 Programmer's Reference Guide 
available at any Commodore dealer. 
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20.0 Execute Indirect 

The EXECUTE instruction, 'X:' is perhaps the most unusual instruction in the PILOT language. The field of 
the EXECUTE instruction is a string variable. EXECUTE processes the contents of the string variable as a 
PILOT instruction. This allows you to alter the PILOT program as it is running. Therefore, you can change 
the PILOT program based on user input. 

The EXECUTE instruction can be used for implementing many things. One application is to establish a 
table of contents. Let's assume we have a program with ten questions and want the user to be able to 
select which question to study. One way to program the selection process (without the EXECUTE instruc
tion) is as follows: 

TS:Which question do you want? 
A: 
J(1 = % B):QUES1 
J(2 = % B):QU ES2 
J(3 = % B):QUES3 

J(10 = %B):QUES10 

(End of program) 

Now let's write another program to accomplish the same thing. This time use the EXECUTE instruction: 

D:S$(8) 
TS:Which question do you want? 
A: 
C:S$ = "J:QUES"!!%B 
X:S$ 

(End of program) 

The COMPUTE instruction builds the proper JUMP instruction in the string variable by tacking the number 
onto the end of the literal "J:QUES". As the number of questions increases, the advantages of the EX
ECUTE instruction become more apparent. 

The IMMEDIATE mode of PILOT provides another example of the EXECUTE instruction. If you enter IM
MEDIATE mode and then enter EDIT mode, you'll see the following program: 

TS:I M M E D I ATE MOD E __ _ 
A: 
X:%B 
J:@A 

This uses the answer buffer as the string for the EXECUTE instruction, a technique which we will use 
several times in the next chapter. 

Our most important example of the EXECUTE instruction is a program which uses random selection with 
non-numeric answers. More specifically, the program topic is subject/verb agreement. We will use the ran
dom number generator to select the subject and ask the user to supply the correct verb. We need to use 
the EXECUTE instruction to combine the power of the MATCH instruction with the random selection. 

The following table lists the subjects we will use along with the acceptable verbs. The variable 'A' is used 
to select the verb. For example: 

A 

1 
2 
3 
4 
5 

Subject 

I 
He 
She 
You 
They 
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Correct Verb 

am 
is 
is 
are 
are 



We'll need a number of strings, so to dimension them, start the following program: 

PR:U 
0:S$(20) 
0:T$(4) 
0:0$(69) 
0:E$(23) 
0:R$(20) 
0:F$(20) 
0:W$(25) 
0:M$(6) 
0:N$(6) 
0:0$(7) 

The key to the program is a set of parallel lists. For example: 

A Subject Correct Singular·Plural Person 
Error Error 

1 
2 He 
3 She 
4 You 
5 They 

AM 
IS 
IS 
*RE 
*RE 

*RE 
*RE 
*RE 
AM!IS 
AM!IS 

IS 
AM 
AM 
xxx x 
xxxx 

Note the use of the special match characters '*' and 'I'. The lists are kept in string variables. It is much 
easier to handle lists if every entry on the list is the same length. Therefore, spaces are added to pad the 
short items to equal the length of the longest item: 

C:S$ = "I He She You They" 

For sentence variety, we make a list of destinations. The longest destination is 23 characters. Again, we 
pad the smaller character destinations with spaces. For example: 

C:O$ = "going to the circus. " 
C:O$ = O$! !"coming through the rye." 
C:O$ = O$! !"getting saturated. " 

Next, we make some lists of fields for the MATCH instructions. Here, we cannot use spaces to pad the 
length of short items (Le., a space in the field of a MATCH instruction requires a space in the user 
response). However, referring to the MATCH instruction (see Chapter 9.0 Processing Answers), we can 
use the' %' as a fi Iler because it searches for the start or end of a response or 'words' preceded by a space. 
Continue: 

C:R$ = "AM% %IS% %IS% % *RE% *RE%" 
C:W$ = "*RE%% *RE% % *RE%%AM!ISAM!IS" 
C:F$ = "IS% %AM% %AM% %xxxxxxxx" 

The preceding three lists correspond to the three columns of the previous table. The order of the items in 
the four lists (S$, R$, W$, and F$) must correspond. 

We want the computer to randomly pick subjects and destinations for building the user questions. To 
avoid repetition of combinations, we keep a list using the same ideas we learned in Chapter 15. With the 
five subjects and three destinations, there are 15 combinations. Continue: 

0:L$(15) 
C: L$ = "111111111111111" 

A '1' represents the combination has not been tried and a '0' indicates that the combination has been 
used. 

80 



Let's pick a combination. Continue: 

*PICK 
C:A = RND (5) 
C:8 = RND (3) 
C:I = 3*A + 8 + 1 
J(L$(I) = O):PICK 
C:L$(I) = 0 

The values of 'A' and 'B' can be used to compute the starting positions in the various lists. Continue: 

C:X = 4*A + 1 
C:Y = 5*A + 1 
C:Z = 23*8 + 1 

In each case, the starting position is calculated as 

(item length) * (random number) + first position 

The items are now copied from the lists. Continue: 

C:T$ = S$(X,4) 
C:E$ = D$(Z,23) 

The MATCH instructions are built in string variables. Continue: 

C:M$ = "M:"IIRS(X,4) 
C:N$ = "M:"!!F$(X,4) 
C:O$ = "M:"IIWs(y,5) 

After all this setting up, the actual programming of the dialog is short and simple. Continue: 

TS:Give the missing verb. 

:$T$ $E$ (8 blanks between $TS and $E$) 

A: 
M:AINT!AIN *T 
TY:Very funny, but not very correct. 
:Now be serious. 

JY:@A 

We anticipate that someone will try "ain't" as an answer. Next, check for the right answer using the EX
ECUTE instruction. We will include a REMARK instruction to make it easier for someone reading the pro
gram at a later date. Continue: 

R:Checkforconectanswer 
X:M$ 
TY:Rlght! 
CY:P= P+ 1· 
JY(P< 10):PICK 
EY: 

The 'M$' contains the MATCH instruction for the correct answer. Once the contents of 'M$' are executed, 
the 'Y' flag is correctly set. We've decided that the user must get ten questions correct before the program 
ends. 

The next program section checks for the various types of errors and responds accordingly. Continue: 

R:Check for person error 
X:N$ 
TY:The subject Is singular, but you need 
:the other singular form of the verb. 
:Try again. 
JY:@A 
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Previously, we loaded the field of the MATCH instruction with lower case x's for plural subjects. 
Therefore, the MATCH can never succeed with plural subjects. Continue: 

R:Check singular - plural error 
X:O$ 
TY:Think about the number of people that 
:are $E$ Try again. 
JY:@A 
T:The verb must be one of these: 

are am is 

:Try again. 
J:@A 

(End of program) 

The last few lines of the preceding example provide for unanticipated errors. There are many extensions 
and elaborations which could be made with this program. However, our purpose here was to illustrate how 
to use the EXECUTE instruction. For our last example of the EXECUTE instruction, turn your computer in
to a calculator with the following program: 

TS:Type any mathematical expression you 
:wish to evaluate. 
D:Z$(40) 
A: 
C:Z$ = "C:H ="!! % B 
X:Z$ 
T:Result = #H 
J:@A 

(End of program) 
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21.0 Escape Feature 
The ESCAPE feature allows the author to build special features into programs which can be called by the 
user at unpredictable times. (Special features that may be called at predictable times can be handled via 
the MATCH instruction.) For example, the user might want to use a calculator or need to refer to a dic
tionary at any time. At the end of the last chapter we saw how to turn the PILOT system into a calculator. 
The ESCAPE feature allows us to integrate the calculator into other programs. 

First, the ESCAPE feature must be turned 'ON', by including an 'E' in the option list on a PROBLEM in
struction. For example: 

PR:ES 

We can turn the ESCAPE option 'OFF' by specifying an option list without an 'E', or by giving an option list 
with a 'Z'. For example: 

PR:LS or PR:Z 

Once the ESCAPE option is 'ON', any user response which starts with the '@' character will cause an 
automatic USE of the subroutine SYSX. The author has complete control of the contents of subroutine 
SYSX. 

For our first example, we will use another variation of a calculator routine to be located within the body of 
a main program (not supplied here) and designed to be called by the user on demand. 

To access the calculator, the user will enter'@' followed by the calculation to be performed. (For example, 
@:4+ 16.) To implement this into your main program, set the escape option with a 'PR:E' and initialize the 
variables 'Z$' and 'X$'. For example: 

PR:E 
0:Z$(30) 
0:X$(2) 
C:X$ = "@ " 

Next, insert the following instructions for SYSX into the subroutine section of the program. 

* SYSX C:Z$ = "C:H ="! !SWP(X$) 
X:Z$ 
T:#H 
E:@A 

The first line of SYSX contains a new function, "SWP". The "swap" function replaces characters in the 
answer buffer based on the value in the first two bytes of the swap string. More specifically, SWP (A$) 
replaces all occurrences of A$(1) in % B with the character in A$(2). 

In the above example, the following will occur: 

1) The swap function will strip off the'@' in the answer buffer and replace it with a space. In par
ticular, it replaces the first character listed in 'X$' (in our example, "@") with the second 
character listed in 'X$' (in our example, a space). 

2) The compute instruction on the first line will place into 'Z$' the instruction "C:H =" followed 
by the value in the answer buffer. Therefore, if the user entered '@4+ 16', 'Z$' will now contain 
the instruction "C:H = 4+ 16". 

3) The next instruction actually performs the instruction requested by the user. The 'X:Z$' ex
ecutes the instruction "C:H = 4 + 16" which calculates "4 + 16" and replaces the result in "H". 

4) The 'T:#H' displays the result on the screen. 

5) After typing the result, the computer returns to the ACCEPT instruction from which the 
calculato~ was requested. This is done via the 'E:@A' instruction. Instead of the usual return 
to the next instruction after the instruction calling the subroutine, we return to the last 
ACCEPT instruction. The user is trying to answer a question; once the question is asked. the 
user requests a calculation (by starting a response with "@"). After the result is displayed, the 
computer returns to the original question to give the user another chance to answer. 
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We already mentioned the possibility of including a dictionary feature in programs. The complication with 
dictionaries is that users will not always ask for a definition the first time a new term appears. If they did, 
you could cover requests for definitions by appropriate matches every time a new term is introduced. To 
incl ude a dictionary, notify the user that every time they need a defi nition they shou Id type an "@" follow
ed by the term. Then, insert the following into the program as SYSX. For example: 

* SYSX C:% B = CAP(% B) 
M:ISO&C* LES 
TY:An isoceles triangle has ... 
EY:@A 
M:AC*T 
TY:An acute triangle has ... 
EY:@A 
M:OBT*SE 
TY:An obtuse triangle has ... 
EY:@A 
T:I haven't included a definition for 
:that yet. Add it to the list on the 
:board. 
E:@A 

It's obvious that this is a specific example related to our earlier program on triangles; however, substitute 
whatever terms are appropriate to your program material. Here we do not have to eliminate the "@" sym
bol from the answer buffer because of the nature of the window stri ng search. 

The only new feature is the CAP function which converts all alphabetic characters, within the designated 
string, to upper case. This simplifies our MATCH instructions within SYSX, and makes operation of SYSX 
independent of the current option list within the main program. 

There is another use of the ESCAPE feature which is extremely useful when debugging complex pro
grams. Often, we would like to find out the current values of variables, or reset these variables to particular 
values (without changing the existing program). To do this, simply input the following in SYSX: 

* SYSX C:Z$ = SWP(X$) 
X:Z$ 
E:@A 

The preceding lines are very similar to the calculator routine. Here too, the variables must be dimensioned 
and 'X$' must be loaded with the proper two characters. With this routine in SYSX, the author can type in a 
PILOT instruction at any ACCEPT, and it will be executed. (Of course, the instruction must be preceded 
with an "@" symboL) The program then returns to the ACCEPT instruction and continues with normal 
execution. 
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22.0 Long programs 

As an instructional program, PILOT generally uses lots of dialog. Therefore, PILOT programs can often be 
long. The longest PILOT program that can be held in memory is 12K characters. If we assume that the 
average instruction is 30 characters, then the longest possible program is approximately 400 lines. When 
your program is longer, it is necessary to use the LINK instruction, 'L:', which passes control to another 
program on the disk. Therefore, it is possible to have PILOT programs occupy the whole disk. 

The form of the LINK instruction is as follows: 

L:PART2 

The field of the LINK instruction contains the name of the program to be linked to. This is the same as the 
name that the program is saved under from the editor. All variables are preserved during the link. 

Once the LINK instruction has been executed, the previous program is no longer available. It is impossible 
to jump to labels in the old program and it will be difficult to use prior subroutines. For this reason, you 
should plan where to break your programs into segments. With a minimum of planning, most programs 
can be divided into relatively independent subsections. One method is to divide the program into separate 
sections and control access to these sections via a main menu program. The main menu program should 
take care of dimensioning variables and the menu. Each separate program on the menu can then return to 
the main program for selecting another unit. To avoid wasting memory with this method, make sure the 
DIMENSION instructions are executed only one time. 

Occasionally, the LINK instruction creates problems with subroutines. Ideally, each program segment 
contains its own subroutines, but a particular subroutine may be so long that this is impractical. A dic
tionary might be an example of such a case. However, here are steps to solve the problem. The first in
struction of any segment for this program should be the following: 

J(X= 1):DIC1 

We assume that you have dimensioned the variable 'L$' in the main program. If the dictionary call is to a 
subroutine named DICT, then in each segment put the following instructions: 

* DICT C:L$ = "L:name" 
C:X=1 
L:DICTIONARY 
*DIC1 C:X=O 
E: 

The 'name' is the name of the current program segment; it will be the segment the DICTIONARY returns 
to. In the segment DICTIONARY, use the instruction 'X:L$' wherever an 'E:' instruction would normally be 
used for a standard return from a subroutine. 
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23.0 Record Keeping 

In many situations, the author wants to keep records of a user's progress through a program. Record keep
ing is an expensive activity in the sense of computer time and disk space. Therefore, PILOT does not keep 
any records automatically, but instead, provides tools so you can design whatever record keeping is most 
suitable for your particular applications. 

Record keeping uses the FILE instruction. There are three modifications of the FILE instruction, one each 
for: input, output, and disk upkeep. We'll begin our discussion with the disk upkeep instruction, 'FX:'. Fre
quently, the 'FX:' instruction is used in IMMEDIATE mode to format diskettes for various applications 
such as program storage. To format a new disk, enter IMMEDIATE mode and input the following: 

FX:N:NAME,ii 

where "NAME" can be any 16 character alphanumeric name you want to assign to the diskette and "ii" 
represents any two digit identification number. Remember, each diskette should have a unique name or 
identification number. 

Other applications for the 'FX:' instruction are the DELETE and RENAME operations of a particular pro
gram on the diskette (not the entire diskette). The syntax for each of these follows: 

FX:S:NAME Deletes the program NAME 
FX:R:NEWNAME= OLDNAME Renames OLDNAME to NEWNAME 

The other two FILE instructions are FILE IN, 'FI:', and FILE OUT, 'FO:'. Both of these instructions transfer 
data between the diskette and a file buffer. The maximum file size is fixed by the 4096 byte buffer size. Not 
all 4096 bytes are used on every transfer. Let's first learn how to control the size of the file. Input the follow
ing: 

FI:NAME 

The specified file is loaded into the buffer and the buffer size is set to the size of the file that was read. In
formation within the buffer can be referenced by means of the system variable '%F'. The substring 
variable, '%F', must always be accompanied by two indices: location and length. An example of the cor
rect syntax follows: 

%F (location,length) 

The location can have any value from zero to 4095; the length can have any value from one to 255. 
Reference to any location greater than the maximum location that was set when the file was loaded, 
resets the buffer length to that value. The current contents of the buffer can be saved using the 'FO:' in
struction. For example: 

FO:NAME 

stores the contents of the buffer from position zero up to one less than the maximum location set. It is 
recommended that the buffer length be reset with a "reset" instruction: 

C:%F(Z+ 1,1)= CHR(13) 

where 'z' is the number of bytes you wish to store with the 'FO:' instruction. Execution of any 'FI:' instruc
tion resets the maximum location pOinter to the length of the file that was read. Execution of any 'FO:' in
struction resets the maximum buffer length to zero. 

The disk operating system for your Commodore 64 does not allow you to use a filename which already ex
ists on the disk (some systems will write the new copy over the old). Usually, record keeping requires 
reading an existing record, updating some information within the record, and writing the updated copy to 
the disk. It would be very inconvenient to change the name of the record file each time the record was up
dated. If you were to delete the old file before writing the new one, everything could be lost if something 
goes wrong. Therefore, the best approach is to keep a backup copy of your file. For a file named 
"RECORD", the sequence would be as follows: 

FX:S:RECORDBACK 
FX:R:RECORDBACK = RECORD 
FO:RECORD 
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The preceding first instruction deletes the old backup file; the next instruction renames the current file to 
be the new backup file, and the last instruction saves the current buffer as the new record file. 

With the backup instructions, we can keep a variety of records. When testing a new program, it is 
sometimes desirable to keep track of all user responses. The following steps will add that capability to 
your programs. 

First, establish an answer file which can be updated. This is most easily done from IMMEDIATE mode. 
Use the first four bytes of the record buffer to store the current buffer length and one byte for a carriage 
return. To set, input the following: 

C: % F(0,4) = "0005" 

Then, we insert a carriage return (CHR(13)) to set the buffer length before the file is saved. The first car
riage return is used for screen formatting when the file is displayed. The second carriage return is the 
"reset" instruction which correctly sets the buffer length. 

C:%F(4,1) = CHR(13) 
C:%F(5,1) = CHR(13) 

Now, we can write the buffer to a file (currently, the buffer is only five bytes long). Input the following: 

FO:ANSWER 

To save a program's user responses, add the following instructions before the first user response is 
requested: 

FI:ANSWER 
C:L= %F(0,4) 

The "FI:" instruction reads in the current "ANSWER" file to the buffer. The first COMPUTE instruction 
sets the variable "L" to the current length of that file and buffer. Within the body of the program, replace 
every "A:" with the sequence: 

A: 
U:SAVE 

To contain the instructions which keep track of the user responses, here is the subroutine SAVE: 

*SAVE E(L> 4000): 
C:%F(L,40)= %B 
C:L = L + LEN(% B) + 1 
C:%F(L -1,1) = CHR(13) 
E: 

The first END instruction ("E") prevents overfilling of the buffer. The first COMPUTE instruction copies the 
answer buffer into the next 40 bytes of the file buffer. Usually, the answer buffer is less than 40 characters 
long, so, in the second COMPUTE instruction, we move the buffer location pOinter (L) to a position one 
beyond the end of the new buffer (L + LEN(% B) + 1). In the last COM PUTE instruction, we load a carriage 
return into the last space of the buffer because we want to use the editor to display the ANSWER file on 
the screen. This will cause each separate response to be displayed on a separate line when viewed with 
the editor. 

At the end of the program, we must update the record with the new length of the file. We use the technique 
illustrated earlier to update the file (without giving it a new name). For example, input the following: 

C:% F(0,4) = L 
C:%F(L,1) = CHR(13) 
FX:S:ANSWEROLD 
FX:R:ANSWEROLD = ANSWER 
FO:ANSWER 

The file "ANSWER" can be loaded as a regular PILOT program. The editor features allow you to scan 
through the file orto print it. In fact, a very similar technique can be used to write a program which prompts 
users into writing a PILOT program themselves. You could require the user to provide the opcodes and the 
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fields; or, you could write a program based on a previously specified format in which you supplied 
everything but the fields for the TYPE and MATCH instructions. The program would be saved in the file 
buffer, and on the disk exactly as shown in our prior example. 

Another useful application of the FILE instructions is to keep a grade book. We will illustrate this with a 
simple example involving a grade book with space for the user names and the results of ten quizzes. The 
first step is to create a record file filled with blanks. This is a short program which would be run once, or 
whenever you wish to destroy the old records and start fresh. The carriage returns are inserted so that we 
can view the file in edit mode. Input the following: 

0:B$(100) 
C:B$ =" " (25 blanks) 
C:B$ = B$!!B$ 
C:B$= B$!!B$ 
C: B$(20) = C H R(13) 
C:B$(60) = CHR(13) 
C: B$(1 00) = C H R(13) 
C:L=O 
*LOOP C:%F(L,100) = B$ 
C:L=L+100 
J(L< 4000):LOOP 
C:%F(L + 1,1)= CHR(13) 
FO:GRAOE 
E: 

These instructions actually fill the first 4000 bytes of the file buffer with blanks and carriage returns, and 
then the instructions save those blanks as the file "GRADE". 

In our example, we will use 100 bytes for every user record. This is more than necessary, but we want to 
use the editor to view the file and the additional spaces provide for easier viewing. We will provide space 
for ten results and leave space for a later addition (a total or an average). The first 20 bytes of the record will 
be reserved for the user's name, and the next 80 bytes will be for the user's score. We will assume that the 
user is running a separate program for each quiz. 

In the program containing the first quiz, we must make a new record with the user's name for each new 
student. Early in the first quiz program, the following should appear. 

PR:L 
FI:GRAOE 
TS:Give me your first and last names. 
A: 
C:%B = CAP(%B) 

The CAP function converts the designated string (here" % 8" which contains the user name) to upper 
case. We must have the user name in predictable form so that we can find it again for future quizzes. Next, 
we look for an unused record in the file. Input the following instructions: 

C:L=O 
*LOOKUP 
J(% F(L,19) =" "):NEW (19 blanks) 
C:L=L+100 
J(L < 4000):LOOKUP 
T:Record space full. 
E: 

The section looks at the first 19 bytes of each 100 byte segment of the file buffer, until it finds a blank 
(unused) segment. Input the next instruction: 

*NEW C:%F(L,19)= %B 

This instruction copies the user name into the first 19 bytes of the record. 
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We will use seven spaces for each result. Also, we assume that the variable "S" contains the score to be 
saved. To save the first result, we add the following instruction: 

C:%F(L + 21,3) = S 

Next, use the standard update instructions: 

FX:S:GRADEOLD 
FX:R:GRADEOLD = GRADE 
FO:GRADE 

The additional instructions for the other quiz programs are very similar. 

PR:L 
FI:GRADE 
TS:Give your first and last names. 
A: 
C:%B = CAP(%B) 
C:L=O 
*LOOKUP J(%F(L,LEN(%B»= %B):FOUND 
C:L=L+100 
J(L <4000):LOOKUP 
T:No record for earlier quizzes. 
E: 

The only difference is that here we look for a record with the same name rather then a record with no name. 
If this is the second quiz, then somewhere near the end of the program, we insert the following instruction: 

C:% F(L + 28,3) = S 

and update the GRADE file on the disk in the standard way. 

These examples simply give an indication of how the FILE instructions can be used. 

Note: If records are not needed in you r program, the file buffer and the variable" % F" can be used for other 
things. For example, the file buffer could be used when you need a string variable longer than 255, or it can 
be used to store your own machine language subroutines, as discussed in the following chapter. 
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24.0 Miscellaneous Items 
For our last chapter, we have included several other PILOT features. These features are specifically forthe 
more experienced programmers/authors. 

There are two opcodes we have not previously used: the modified VOICE 'VX:' instruction and the CALL 
'Z:' instruction. 

The modified VOICE 'VX:' instruction pokes values anywhere in memory (as opposed to the VOICE 'V:' in· 
struction which pokes values only in the SID chip registers). The 'VX:' instruction must be used with great 
care because it is possible to "crash" the PILOT system if you poke information in the wrong location. The 
format of the 'VX:' instruction is: 

VX:memory, value 

where "memory" is the decimal memory location and "value" is the decimal value to be poked. As with 
the VOICE instruction, multiple pokes can be executed on the same instruction line. For example, the 
following instruction: 

VX:53280,0,53281,1 

will poke a zero into memory location 53280 and a one into memory location 53281. 

The CALL (Z:) instruction does a machine language JSR to the specified memory location. This instruction 
is most likely to be useful for interfacing new devices such as video tape and laser disk to the PILOT 
system. However, CALL could be used to add very fast, customized routines to PILOT. 

The CALL instruction requires the following format: 

Z:value 

The "value" is taken as an absolute decimal memory location. A machine language JSR instruction is ex
ecuted to the given address. The called subroutine would normally have been loaded into memory prior to 
starting PILOT. The subroutine must end with a machine language RTS instruction to continue execution 
of the PILOT program. Upon entry to the called subroutine, the X and Y registers have the low and high 
order address bytes respectively, of the PI LOT variable table. The PILOT variable table consists of 26 eight 
byte entries (one for each variable A through Z). If the variable contains a number, the first byte of the entry 
is zero, followed by a two byte integer value. If the first byte is a string, the first byte of the entry contains 
the maximum length of the string. The next two bytes will contain the address of the null-terminated string 
value. 

The following memory areas are available for user subroutines: 

3584-4095 ($OEOO-$OFFF) 512 bytes 
28160-28671 ($6EOO-$6FFF) 512 bytes 

Also, there is a 4096 byte area from 4096 to 8191 ($1000-$1 FFF) which is used only by "FI:", "FO:" and 
"%F". If no data file is used, then this area is available. However, "FI:" can be used to load a machine 
language subroutine at location $1000, since the "FI:" statement always reads the file to that location. 
This area could also be used to pass data to and from a subroutine since "%F(O)" is mapped to location 
$1000 and "%F(1)" is mapped to $1001. This continues up to "%F(4095)" mapped to $1 FFF. The following 
example loads a subroutine and calls it. It is assumed that the file "VID" already contains the binary 
machine language code located for address $1000. 

FI:VID 
Z:4096 

We have used the functions ASS, RND, CHR, CAP, LEN, and SWP. There are a number of additional func
tions listed in section 10 of Appendix II. We'll give a brief explanation of the use for each of the additional 
ones here. 

The KEY function takes an instantaneous look at the keyboard. If a key is pressed at that instant, the KEY 
function returns the corresponding ASCII value; otherwise, it returns zero. One use for this feature is to 
allow input which depends on timing (for example, a program for handicapped users which allows them to 
press any key when the pointer is by the answer they want). 
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The following program fragment will illustrate this technique: 

TS:Press any key to select. 

First choice 

Second choice 

Third choice 
C:Y= 168 
* LOOP G:MO,Y;T 
TH:> 
C:Z=O 
*WAIT C:X = KEY(O) 
J(X >O):SELECT 
C:Z=Z+ 1 
J(Z < 30):WAIT 

If there has been no key pressed during the time occupied by the loop, then we erase the arrow and move 
to the next position. The following "TH:" has three spaces after it, enough to erase the arrow: 

G:MO,Y;T 
TH: 
C:Y=Y-16 
J(Y>135):LOOP 
C : Y = 168 
J:LOOP 

The last two instructions in the previous example start the cycle over if the arrow is currently pointing at 
the last choice. We included just enough instructions to verify the selection (in a real application, we 
would process this as a standard answer). 

*SELECT 
T:Processing 
W:80 

The ASC function is the reverse of the CHR function. The CHR function takes the ASCII value and con
verts it into a character; the ASC function takes the character and converts it into the ASCII value. It pro
vides a way of checking for unprintable characters in user responses. The following instructions would 
select a character out of a string and capitalize it. Of course, the string would have to be dimensioned, and 
we should check that the original character is a lower case letter. 

C:A$ (8) = CH R(ASC(A$(8)) - 32) 

The ASC function converts the letter to a number; 32 is subtracted because corresponding upper and 
lower case letters differ by 32 in the ASCII sequence. The CHR function converts the result back to a letter. 

The STR and FLO function form a pair which reverse each other. They provide for the conversion between 
numbers and strings which PILOT handles automatically. Because of the automatic conversion, they are 
not used by the PILOT programmer, but are in the software which implements the automatic conversion. 
(We simply included them here for your general information.) 

The RSP function removes all spaces from the designated string. That in itself is useful. Note also that the 
RSP function can be used in combination with the SWP function to remove all occurrences of any 
character from a string. Use the SWP function to convert the character to a space (if necessary, first con
verting spaces to something else), and then use the RSP function to remove the resulting spaces. The 
following instruction will remove all @ symbols from the answer buffer: 

C:X$= "@" 

C: % B = SWP(X$) 
C:%B= RSP(%B) 
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The final function to be mentioned is the INS or INSTRING function. This function provides a way to find 
the first position of a particular character in the answer buffer. It is useful for counting occurrences of 
characters in strings, and it is useful for locating positions to break strings. The following instructions will 
find the position of the first comma in the answer buffer. The string "X$" is loaded with the character that 
is to be sought in the answer buffer as follows: 

C:X$= "," 
C:Y = INS(X$) 

This completes our tutorial for PILOT on the Commodore 64. As you become more and more experienced 
with PILOT, you will discover PILOT to be a very powerful language which is well suited for many applica
tions. 
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APpendix I - ASCII Character Codes 

ASCII Character ASCII Character ASCII Character 
Code Number Code Number Code Number 

NULL 0 + 43 V 86 
1 44 W 87 
2 45 X 88 
3 46 Y 89 
4 I 47 Z 90 
5 0 48 [ 91 
6 1 49 '" 92 
7 2 50 ] 93 

DEL 8 3 51 II 94 
9 4 52 95 

10 5 53 D 96 
11 6 54 a 97 

CLR 12 7 55 b 98 
RETURN 13 8 56 c 99 
HOME 14 9 57 d 100 

15 58 e 101 
16 59 f 102 
17 < 60 9 103 
18 = 61 h 104 
19 > 62 105 
20 ? 63 j 106 
21 @ 64 k 107 
22 A 65 I 108 
23 B 66 m 109 
24 C 67 n 110 
25 D 68 0 111 
26 E 69 P 112 
27 F 70 q 113 
28 G 71 r 114 
29 H 72 s 115 
30 I 73 t 116 
31 J 74 u 117 

SPACE 32 K 75 v 118 
33 L 76 w 119 
34 M 77 x 120 

# 35 N 78 Y 121 
$ 36 0 79 z 122 
% 37 P 80 < 123 
& 38 Q 81 124 

39 R 82 > 125 
40 S 83 126 
41 T 84 Q 127 

* 42 U 85 
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Appendix II PILOT Language Summary 

1. GENERAL 
PILOT is a Computer Assisted Instruction (CAl) language designed for educators. 

2. LOADING PILOT 
PILOT is loaded from disk by entering: 

LOAD "PILOT",8 
After loading, start PILOT by entering: 

RUN 
LOADING "RUN ONLY" PILOT 
The "run only" version of PILOT is loaded by entering: 

LOAD "PILOTR",8 
After loading, start PILOTR by entering: 

RUN 

3. PILOT MODES 
COMMAND MODE - Signified by the following prompt: 

PILOT: 
Operations possible in COMMAND MODE 

L:name Load a PILOT program from disk 
S:name Save a PILOT program to disk 
R Enter RUN MODE, to start running current program 
E Enter EDIT MODE, to edit current program 
I Enter IMMEDIATE MODE 
F2 Restore default background and foreground colors 
SHIFT·CLR Clear program area and restart PILOT 
Fa Return to BASIC 

Return to COMMAND MODE by pressing the RUN/STOP key. 

RUN MODE - Causes execution of program in memory 

EDIT MODE - Allows creation and editing of PILOT programs (see below) 

IMMEDIATE MODE - Provides immediate execution of single instructions 

4. PILOT INSTRUCTIONS 

COMMAND 

ACCEPT 

BIT-PATIERN 

FORMAT 

A: 

A:variable 

AS: 

B:number 

EXPLANA TION 

Allows the user to enter an answer into the answer buffer, 
'%B'. Editing for upperllower case and the removal of 
spaces are governed by the U, L, and S options of the 
PROBLEM instruction. The user must enter a RETURN to 
end the response. 

One or more string or numeric variables may be included 
in the field. The contents of the answer buffer are transfer· 
red to the variable(s). 

The SINGLE modifier specifies that only one character is 
to be typed by the user. The one character can be any 
printable or non-printable character on the keyboard. It is 
not edited, regardless of the edit options in force. No 
RETURN is required by the user. 

Must be followed by 21 lines of 24 symbols each. This sets 
up the bit pattern for the sprite specified by the number. In 
normal color mode, a dot indicates background color and 
an X indicates the foreground color. In multi-color mode, 
the symbols are interpreted as horizontal pairs. The " .. " 
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CALL 

COMPUTE 

CONTINUE 

DIMENSION 

END 

EXECUTE 

FILE 

Z:value 

pair indicates background; the "X." pair indicates C-color; 
the "XX" pair indicates the R-color, and the "X' indicates 
the Q-color. The "B:" instruction is used with the "S:" in
struction. 

Executes a machine language JSR to decimal location in 
value. Upon entry into the subroutine, the X and Y 
registers contain the low and high address bytes, respec
tively, of the start of the PILOT symbol table. The symbol 
table consists of an eight byte entry for each letter of the 
alphabet. If the first byte of an entry is zero, then the next 
two bytes contain the 16 bit integer value of the variable. 
Otherwise, the first byte contains the maximum length of 
the string, and the next two bytes are the address of the 
null-terminated contents of the string. 

C:target = expression 

:text 

D:V$(length) 

E: 

E:destination 

X:V$ 

FI:name 

FO:name 

Assigns the value indicated by the expression to the 
target. The target may be a variable or a subscripted 
variable of the form V$ (position) or V$ (position,length). If 
the expression type (numeric or string) does not match the 
target type, then it is automatically converted to the target 
type. 

Displays the text after the colon following the same con
ventions as the TYPE instruction. The continuation can be 
used only after a TYPE instruction. All conditions on the 
preceding TYPE instruction carry over to the continuation 
instructions. 

Reserves string space for the variable specified. The max
imum length is 255. The length at any time may be 
anywhere from zero to the maximum indicated. 

Ends the program or subroutine. If a USE instruction is in 
force, the END instruction returns control of the program 
to the instruction following the USE instruction. If no USE 
is in force, the program ends. 

Returns control of the program to the indicated destina
tion instead of to the instruction following the USE. 
Destination includes '@A', '@P', and '@M' as described 
under the JUMP instruction. 

Executes the contents of the string variable "V$" as a 
PILOT instruction. The contents may be any other PILOT 
instruction except another "X:". 

Loads the named file into the buffer and sets the length to 
the length of the file. 

Saves the file buffer as the named file on the disk. The 
number of bytes saved is the greater of the length set by a 
previous "FI:" instruction and the length specified in the 
system variable "%F". To raise the number of bytes ex
ecute "C:%F(Z,1)= CHR(13)" where "z" is the number of 
bytes you wish to store with the "FO:" instruction. 

FX:DOS command Sends the information following the colon to the Disk 
Operating System (DOS). The "FX:" instruction is used to 
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GRAPHICS 

JUMP 

LINK 

MATCH 

NEWCHAR 

PROBLEM 

G:operations 

J:label 

J:@A 

J:@P 

J:@M 

L:name 

M:pattern 

MS:pattern 

MJ:pattern 

N:number 

rename and delete files, and to format new diskettes. The 
following is a list of the DOS commands: 

N:name,ii 

S:name 

Formats a new diskette where name is any 
16 character header name and "ii" is any two 
digit Ld. number. 

Deletes the named file. 

R:new= old Renames the old file to the new file name. 

Executes the operations in the operations list. Operations 
in the list are separated by commas or semicolons. A com
plete list of graphics operations is listed in section 5 of 
this Appendix. 

Causes a program jump to the specified label. 

Causes a program jump to the last ACCEPT instruction. 

Causes a program jump to the next PROBLEM instruction. 

Causes a program jump to the next MATCH instruction. 

Chains to the named program file. All variables are 
retained. 

Compares the pattern with the answer buffer and sets the 
"y" and "N" flags based on the result. The pattern may 
contain "*,, as a single wild card character, "&" as a multi
ple wild card character, "%" to match a space or the 
beginning or end of an answer, or "!" as an OR operator. 

Allows spelling errors including anyone character 
mismatch or one character pair reversal. 

Causes an automatic jump to the next MATCH instruction 
if this match fails. 

Selects a character to be redefined. The character is 
designated by the ASCII number between 32 and 127. The 
following eight lines MUST each contain exactly eight 
dots or x's. The dots indicate that the pixel should have 
the background color; the x's indicate that the pixel 
should have the foreground color. The following example 
illustrates this: •••••••• 

. xxxxxx. 
· . . xx ... 
· .. xx ... 
· .. xx ... 
· . . xx ... 

PR:parameter list or P:parameter list 

Serves as ajump destination (@P)andestablishesvarious 
run-time parameters. If no parameter list is present, then 
all parameters are left unchanged. If any parameter list is 
present, then all parameters are turned "OFF" except the 
ones specified, which are turned "ON". 

Parameter List Options: 

U Converts to upper case on ACCEPT 
L Converts to lower case on ACCEPT 
S Removes spaces on ACCEPT 
E Selects ESCAPE feature 
Z (alone, clears all options) 
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REMARK R:any text Used for program documentation only. Instruction is ig
nored by PILOT. 

SPRITE S:number;list 

TYPE T:text 

TH:text 

TS:text 

USE U:label 

VOICE V:vlist 

VX:vlist 

Controls one of the eight sprites on the Commodore 64. 
The number between zero and seven selects the sprite to 
be affected by the instruction. The list contains one or 
more of the sprite command codes. Each of the command 
codes is separated from the next by a semicolon or com
ma. The command codes are listed in section 6 of this Ap
pendix. 

Displays text to the screen. The text may contain variables 
as "$V" or "#V", and special characters may be typed by 
"$number" or by "#number". 

Suppresses the automatic new line after the text is 
displayed (called the HOLD modifier). 

Erases the entire screen window before the text is 
displayed (called the SCREEN modifier). 

Causes a subroutine call to the specified label. Up to four 
levels of call are allowed. 

Controls the sound generation chip (SID) of the Commodore 64. 
The "vlist" consists of one or more sound commands separated 
by semicolons or commas. Each sound command consists of a 
pair of numbers separated by a comma. The first number is the 
register number in the SID chip, and the second is the number to 
be placed as described in Chapter 19. 

Pokes values anywhere in memory. The first number in the vlist 
pair is the decimal address in memory, and the second number is 
the decimal value to be placed in that position. 

5_ GRAPHICS OPERATIONS 

All graphics operations take place within a grid 319 pixels horizontal by 192 pixels vertical. The 
lower left corner is location 0,1. The upper right corner is 318,192. Coordinates outside this range 
may give unpredictable results. 

At all times, there is a graphics beam or cursor which is not visible. The graphics beam is moved 
by most of the commands listed below. 

Whenever a pixel is set by a DRAW or a POINT command, or by typing a printable character, the 
currently set foreground and background colors determine the colors that will appear. Each 8 by 8 
block of pixels on the screen corresponds to a character cell. There can be only one foreground 
and one background color within anyone character cell. Although there can be up to 16 
foreground and 16 background colors on the screen, there can only be one of each per character 
cell. 

COMMAND FORMAT 

BACKGROUND Bn 

COLOR Cn 

DRAW Dx,y 

EXPLANATION 

Sets the background color to color n. The current 
background color is given to all background pixels in each 
character cell in which a point is plotted or a character is 
written. 

Sets the foreground color to color n. The current 
foreground color is given to all foreground pixels in each 
character cell in which a point is plotted or a character is 
written. 

Draws a line from the current beam location to the 
specified (x,y) location. The beam is moved to the 
specified location. 

97 



ERASE E 

EXTERIOR Xn 

FILL Fx,y 

MOVE Mx,y 

OFFSET Ox,y 

POINT Px,y 

REMOVE Rx,y 

SPLIT Sn 

TEXT-CURSOR T 

UNPOINT Qx,y 

6. SPRITE COMMAND CODES 

Erases the entire screen. The text cursor is moved to the 
current home position, and the graphics beam is moved to 
0,1. The offset is set to 0,0. 

Sets the color of the outer screen border to the color n. 
The border is not used for data display. 

Fills a rectangle with the current foreground color. One 
left corner of the rectangle is at the current beam position, 
and the opposite right corner becomes the specified (x,y) 
location. The beam is then moved to the specified (x,Y) 
location. 

Moves the beam to the specified (x,Y) location on the 
screen without visible effect. 

Moves the origin of the screen coordinate to the specified 
(x,Y) location. This screen offset will be added to all (x,Y) 
locations given in M, D, F, P and Q commands. 

Plots a point and moves the beam to the specified (x,y) 
location. 

Erases a line from the current beam location to the 
specified (x,Y) location. The beam is then moved to the 
specified (x,Y) location. 

Splits the screen horizontally. The bottom part of the 
screen becomes the text window. All output from TYPE in
structions remains within the window; scrolling occurs 
only within the window. All text and graphics outside the 
window is left unchanged by TYPE instructions. 
GRAPHICS instructions are not limited to the text win
dow. The number n sets the size of the text window as 
follows: 

SPLIT LINES LINES IN 
VALUE ABOVE WINDOW 

a a 24 
1 3 21 
2 7 17 
3 11 13 
4 15 9 
5 19 5 

The window default value is zero, which specifies the 
whole screen. When a SPLIT command is issued, the cur
sor is automatically moved to the first character position 
of the first line of the split. 

Causes the text cursor to move to the character cell which 
currently contains the graphics beam. 

Erases the dot at the specified (x,y) location and moves 
the beam to that position. 

The following SPRITE command codes may occur in any combination and order on the SPRITE in
struction. Use a comma or semi-colon to separate the first command code from the sprite number, 
or to separate subsequent command codes. 

ENABLE E1 Make sprite visible (turn sprite "ON"). 

DISABLE EO Make sprite invisible (turn sprite "OFF"). 
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MULTI-COLOR 

NORMAL COLOR 

DOUBLE X-SIZE 

SINGLE X-SIZE 

DOUBLE Y-SIZE 

SINGLE Y-SIZE 

PRIORITY ON 

PRIORITY OFF 

COLOR 

LOCATION 

R-COLOR 

a-COLOR 

M1 

MO 

X1 

XO 

Y1 

YO 

P1 

PO 

Cn 

Lx,y 

Rn 

On 

Place sprite in multi-color mode. 

Place sprite in single color mode. 

Double the horizontal size of sprite. 

Reset sprite to normal horizontal size. 

Double the vertical size of sprite. 

Reset sprite to normal vertical size. 

Set background priority "ON". Sprite will be displayed 
behind any background data. 

Set background priority "OFF". Sprite will be displayed in 
front of any background data. 

Set foreground color of sprite to color n. 

Move upper left corner of sprite to location (x,Y) where x is 
o - 318 and y is 1 - 192. X and y may be expression 
values. 

Set the R color to color n. The R color is used only for 
sprites in MULTI-COLOR mode. 

Set the a color to color n. The a color is used only for 
sprites in MULTI-COLOR mode. 

Each SPRITE instruction effects one sprite only, except in the case of the R and a commands 
which set the colors for all sprites in multicolor mode. 

A sprite in MULTI-COLOR mode is interpreted as having 21 rows of 12 bit pairs each. Each bit pair 
can have one of four combinations of dots and X's. The four possibilities select the three common 
color (background,R,O) and the sprite's own unique foreground color(C). See B instruction in sec
tion 4 of this Appendix. 

When a sprite overlaps another sprite, the sprite with the lowest sprite number has a higher 
"priority" and is displayed on top. 

7. COLOR CODES 

o BLACK 
1 WHITE 
2 RED 
3 CYAN 

4 PURPLE 
5 GREEN 
6 BLUE 
7 YELLOW 

8 ORANGE 
9 BROWN 
10 LT. RED 
11 GRAY 1 

12 GRAY 2 
13 LT. GREEN 
14 LT. BLUE 
15 GRAY 3 

PILOT begins with the background and exterior colors set to 13, light green, and the foreground 
color for text and graphics set to zero, black. Once changed, these colors remain until specifically 
reset using the 'G:' instruction, or until the F2 key is used in COMMAND mode to restore them to 
their original values. 

8. INSTRUCTION LABELS 

Any PILOT instruction may be preceded by a label of the form: 
*Iabel 

The label may be on a separate line, or it may precede an instruction on a line. In the latter case, 
the label must be followed by a space. The label may contain no spaces. A lower case label and an 
upper case label of the same characters are two different labels. 

9. INSTRUCTION MODIFIERS AND CONDITIONERS 

H - modifier 

S - modifier 

X - modifier 

TH: .. . 

TS: .. . 
MS: .. . 
AS: 

AX: 
VX: 

TYPE HOLD 

TYPE WITH SCREEN CLEAR 
MATCH WITH SPELLING ALLOWANCE 
ACCEPT SINGLE 

ACCEPT EXACT 
MEMORY POKE 
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J - modifier MJ: ... JUMP ON NO MATCH 

Y - conditioner Execute only if last match succeeded 

N - conditioner Execute only if last match failed 

digit - conditioner Execute only if the digit (1 to 9) matches the last ACCEPT counter. The last 
ACCEPT counter contains the number of times in a row the last ACCEPT in
struction has been executed. 

(relational exp) Execute the instruction only if the expression within the parentheses has a 
non-zero (true) value. 

C - conditioner Execute the instruction only if the last relational conditioner evaluated (see 
preceding description) had a non-zero (true) value. 

Conditioners can be attached to any opcode. The preceding modifiers, conditioners, and rela
tional expressions can be attached to opcodes in any combination. Normally, modifiers follow the 
opcode, followed by conditioners, followed by relational expressions. 

10. EXPRESSIONS 

PI LOT allows variable names from A to Z. "% B" is also treated as a stri ng variable of length 80. 
"% B" is the answer buffer; it will contain the response after execution of each ACCEPT. "% F" is 
a string variable of length 255 which gives access to the file buffer (length 4096). 

The variables A to Z may each be treated as a number or as a string. To be treated as a string, a 
variable must be dimensioned by a "D:" instruction. When using a variable as a string, a "$" may 
be included as part of the variable name, following the letter. The "$" is optional; the variable is a 
string only if it has been dimensioned. Otherwise, it is a number. 

All arithmetic is in 16 bit integer form. Numbers may range from - 32768 to 32767. 

If any value within an expression is of the wrong type (string or number) for the context, then it is 
automatically converted to fit the context. This allows the storing of numbers within strings, thus 
using strings as numeric arrays. If the two arguments of a relational operator differ in type, then 
conversion is made to the type on the left before the comparison is made. 

Subscripting is allowed only for dimensioned variables. There are two forms of subscripts: 

V$(position) and V$(position, length) 

Both may be used within an expression or as a target of a COMPUTE instruction. The first form in
dicates a string of length one. The first position within a string is position one. When an un
subscripted string variable is the target of a COMPUTE instruction, the variable assumes the 
length of the expression (unless that expression is longer than the maximum allocated length of 
the target string). If the expression is too long, it is truncated (cut off). When a subscripted string is 
the target of a COMPUTE instruction, the expression value is padded with spaces or truncated on 
the right of the specified substring length. 

PILOT evaluates expressions in the same manner as BASIC with respect to parentheses and 
operator precedence. In addition, PILOT allows the use of logical and relational operators 
anywhere within expressions. These operators always produce zero for false and one for true. 

ARITHMETIC OPERATORS: + - * / 

RELATIONAL OPERATORS: < > = <= >= < > 

LOGICAL OPERATORS: & (and) ! (or) NOT 

STRING CONCATENATION: !! 

FUNCTIONS: ABS(X) 
ASC(X$) 
CAP(X$) 
CHR(X) 
FLO(X$) 
INS(X$) 

Absolute value of X 
Number from zero - 255, value of first character in X$ 
Converts string X$ to upper case 
Character corresponding to X in ASCII table 
Numeric representation of string X$ 
Returns first location of X$ (1) in % B 
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11. 

STRING LITERAL: 

KEY(O) 
LEN(X$) 
RND(X) 
RSP(X$) 
STR(X) 
SWP(X$) 

ESCAPE COMMAND 

Zero if no key down, otherwise ASCII value 
Current length of string X$ 
Random number from zero to X - 1 
Removes spaces from X$ 
String representation of number X 
Replaces all occurrences of X$ (1) in % B with character in 
X$ (2) 

"any alphanumeric text" 

If the ESCAPE option is enabled by the option list on a PROBLEM opcode, then any user response 
which begins with an @ character causes immediate execution of the instruction "U:SYSX", 
where "SYSX" is a subroutine designed by the author. 

12. ERROR CODES IN PILOT 

When executing PILOT programs, these errors may occur: 

B·ERR 
C-ERR 
D-ERR 
E-ERR 
F-ERR 
G-ERR 
J-ERR 
K-ERR 
N-ERR 
a-ERR 
P-ERR 
R-ERR 
S-ERR 
U-ERR 
X-ERR 

Invalid bit pattern in "B:" or "N:" instruction 
Invalid syntax in "C:" instruction 
Invalid syntax in "0:" instruction or insufficient memory for string 
Invalid expression syntax 
Improper "FI:", "Fa:", or "FX:" instruction 
Invalid syntax on "G:" instruction 
"J:" or "U:" of non-existent label 
Internal stack overflow, expression too complex 
Attempt to define character with number < 32 or > 127 
Invalid PILOT opcode or modifiers 
Unbalanced parentheses 
Out of memory for expression processing 
Subscript out of bounds, or general syntax error 
Attempt to exceed maximum "U:" nesting level 
Invalid value on "X:" instruction, or a second "X:" attempted 

In case of an error, PILOT will display one of the preceding error messages with the erroneous in
struction line. Processing will pause until any key is pressed. If any key but STOP is pressed, 
PILOT will resume execution at the next instruction. 

101 



Appendix III Sound Chip (SID) Register Map 

REGII ADDRESS REGII DATA REG NAME REG 
(DEC) A. AJ A, A, Au (HEX) 0, D. 0, 0, 0 3 0, 0, Do Voice 1 TYPE 

0 0 0 0 DO r::r '. g~fi I c, :H1T' ~ FREO LO WRITE·ONlY 

0 01 igq-_:~:~~ :~;5 -:~~q-~~~":icp~,~_;~~" FREQ HI WRITE-ONLY 

0 02 PW LO WRITE·ONI Y 

03 - - - - PWll t PW IO 'PWg PWa PW HI WRITE ONLY 

04 -"OISE _rV"L /'VI "~. TES_~~~SY-"C_ .§"'T~ CONTROL RE(, WRITE ONLY 

05 ''', V,,,, dj, """ Joc"Joc~foc,. ATTACK/DECAY WRITE ONLY 

06 ~~~~2 STN,_ S~~ ~~_~ R_L.~L __ R~~_' SUSTAIN'RElEASE WRITE·ONLY 

Voice 2 
07 

r"l~r~r' "kL' I c.l 

FREQ LO WRITE ONLY 

U DB ~~f--l~-- -_~~~-- -~J:i _-!~,~- -~F-~l_-=- -_~F~~<!-_~_ -___ ~F\ ____ F;C-~_~ FREO HI WRITE ONLY 

0 09 PW7 PW6 PWs PW4 Z:~ ::J:.. ,"~i g:: I PW LO WRITE-ONl Y 

10 OA h-O~SE- "ili ~ I~- PWHI WRITrONl.( 

11 08 
TEST ±~a. _SYNC_f GAf~l CONTROL R[G WRITE-ONLf 

12 DC 8TKi _A.rK-'A..rKLf ~1':u.~ Dey! DCY2 DCY I DCYo A TT .... CKIOI:CA Y WRITE. ONLY 

13 OD __ ~!N} ____ STN~ __ I ST_N_~L~"~o_ __ ~Lsi _ !:is~j _-~l-s~-l-=R~l!)~" SUST AINiRELEAS£ WAITE-ONLY 

Vole., 3 -
14 DE F I F6 ~F' F, F, 

~'~~ 
FREO lO WHITE·ONlY 

15 OF F 15 F" _-':13 F'l F11 -~~.Q_- FREO HI WRITE-ONLY 

16 10 PW, PW6 ~W5 !,~4_ PWL __ ~~L __ PW La WRITE·ONlY 

17 11 1--- !:w~ PW lO PW HI WRITE·ONlY 

18 12 NOISE -h..fL /V1 A/". H,ST . m~gr CONfAOl REG wnITE·ONlY 

19 13 ATK) ATK, !,TK, ATKa O::V-;-{ DCY, A TT ACKIDECA Y WRITE·ONLY 

20 0 14 SlN--;- STN2 STN, STNo RLS3 ~~ R-CS-;- ~RLS'-" I SUSTAIN/RELEASE WRITE·ONLY 

Filler 

21 0 15 FC-,-_ FC, __ ~Co FC lO WRITE·ONlY 

22 16 FC w FC~_ FC. FC, Fee ' FCs FC, !_CJ FC HI WRITE-ONLY 

23 17 Rf;J~- RES, RES~ !lESo" FiLru~_ FILT 2 FlU 1 RES/FILT WRITE·ONLY 

24 18 3 OFF HP AP lP VOl3 v~ VOL, VoLo MODEIVOL WAITE·ONL Y 

Misc. 

::~F'f 
25 0 19 ~!L PX, 

~t~r~:F 
POT x READ·ONLY 

26 lA ~Y5 PY, POT Y READ ONLY 

27 18 ~ ___ °6 0, 0, ase)/RANDOM READ ONLY 

28 1C E7 E6 <5 E, E3 I E2 _.~ __ ~ ENV) READ·ONLY 
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Appendix IV Music Note Values 

This appendix contains a complete list of actual notes, decimal frequencies and the values to be stored in-
to the FREQ LO and FREQ HI registers of SID to produce the indicated note. 

Decimal 
Note Octave Frequency FREQ LO FREQ HI 

C 0 268 12 1 
C# 0 284 28 1 
D 0 301 45 1 
D# 0 318 62 1 
E 0 337 81 1 
F 0 358 102 1 
F# 0 379 123 1 
G 0 401 145 1 
G# 0 425 169 1 
A 0 451 195 1 
A# 0 477 221 1 
B 0 506 250 1 
C 1 536 24 2 
C# 1 568 56 2 
D 1 602 90 2 
D# 1 637 125 2 
E 1 675 163 2 
F 1 716 204 2 
F# 1 758 246 2 
G 1 803 35 3 
G# 1 851 83 3 
A 1 902 134 3 
A# 1 955 187 3 
B 1 1012 244 3 
C 2 1072 48 4 
C# 2 1136 112 4 
D 2 1204 180 4 
0# 2 1275 251 4 
E 2 1351 71 5 
F 2 1432 152 5 
F# 2 1517 237 5 
G 2 1607 71 6 
G# 2 1703 167 6 
A 2 1804 12 7 
A# 2 1911 119 7 
B 2 2025 233 7 
C 3 2145 97 8 
C# 3 2273 225 8 
D 3 2408 104 9 
0# 3 2551 247 9 
E 3 2703 143 10 
F 3 2864 48 11 
F# 3 3034 218 11 
G 3 3215 143 12 

103 



Decimal 
Note Octave Frequency FREQ LO FREQ HI 

G# 3 3406 78 13 
A 3 3608 24 14 
A# 3 3823 239 14 
B 3 4050 210 15 
C 4 4291 195 16 
C# 4 4547 195 17 
0 4 4817 209 18 
0# 4 5103 239 19 
E 4 5407 31 21 
F 4 5728 96 22 
F# 4 6069 181 23 
G 4 6430 30 25 
G# 4 6812 156 26 
A 4 7217 49 28 
A# 4 7647 223 29 
B 4 8101 165 31 
C 5 8583 135 33 
C# 5 9094 134 35 
0 5 9634 162 37 
0# 5 10207 223 39 
E 5 10814 62 42 
F 5 11457 193 44 
F# 5 12139 107 47 
G 5 12860 60 50 
G# 5 13625 57 53 
A 5 14435 99 56 
A# 5 15294 190 59 
B 5 16203 75 63 
C 6 17167 15 67 
C# 6 18188 12 71 
0 6 19269 69 75 
0# 6 20415 191 79 
E 6 21629 125 84 
F 6 22915 131 89 
F# 6 24278 214 94 
G 6 25721 121 100 
G# 6 27251 115 106 
A 6 28871 199 112 
A# 6 30588 124 119 
B 6 32407 151 126 
C 7 34334 30 134 
C# 7 36376 24 142 
0 7 38539 139 150 
0# 7 40830 126 159 
E 7 43258 250 168 
F 7 45830 6 179 
F# 7 48556 172 189 
G 7 51443 243 200 
G# 7 54502 230 212 
A 7 57743 143 225 
A# 7 61176 248 238 
B 7 64814 46 253 
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Break Line 

Cursor Left 

Cursor Right 

Delete Text 

Enter 

Exit 

Insert Line 

Insert Text 

Replace Text 

Text Down 

Top of Text 

Text Up 

Appendix v summary of Edit Mode operations 

Position cursor at break point and press the F1 key 

Press F7 key, or CRSR left and SHIFT 

Press CRSR right key 

Position cursor and press INST/DEL key 

Press E in COMMAND mode 

Press RUN/STOP key 

Position cursor at start of following line, and then press the F1 key 

Position cursor and press INST/DEL key and SHIFT to insert spaces; then type new 
text 

Position cursor and overtype with new text 

Press CRSR down key 

Press CLR/HOME key 

Press RETURN, or CRSR up (requires SHIFT) 
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Appendix VI summary Of Command Mode operations 
Clear Memory 

Enter 

Exit 

Load Program 

Print Program 

Restore Color 

Save Program 

Press SHIFT and CLR/HOME to clear program space 

Press RUN/STOP key at any time 

Press E to enter EDIT mode 
Press R to enter RUN mode 
Press I to enter IMMEDIATE mode 
Press F8 to leave PILOT and enter BASIC 

Type L:program name 

Press P to print the program in memory (A printout can be aborted at any time by turn
ing off the printer.) 

Press F2 to restore default colors 

Type S:program name to save the program in memory 

NOTE: The RUN/STOP key interrupts the running of a program and causes entry into COMMAND mode. 
Pressing the R key in COM MAN D mode enters RUN mode and starts running whatever program is current
ly in memory. 
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Appendix VII sprite operator Reference Table 

FUNCTION OPERATOR DESCRIPTION 

COLOR Cn Set sprite foreground color to color n (1-15) 

DISABLE EO Make sprite invisible 

DOUBLE X X1 Double the horizontal size of sprite 

DOUBLE Y Y1 Double the vertical size of sprite 

ENABLE E1 Make sprite visible 

LOCATION Lx,Y Position sprite at location x,Y 

MULTI-COLOR M1 Draw sprite in multiple colors 

NORMAL COLOR MO Draw sprite in a single color 

PRIORITY OFF PO Draw sprite in front of other display material 

PRIORITY ON P1 Draw sprite behind other display material 

a-COLOR an Set a color for all sprites to color n 

R-COLOR Rn Set R color for all sprites to color n 

SINGLE X XO Draw sprite with normal horizontal size 

SINGLE Y YO Draw sprite with normal vertical size 
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PILOT Index 

A 
ABS (Absolute Function) 50-51, 100 
ACCEPT Instruction (A:) 24-26, 28-30, 34, 36, 83, 94, 96 
ACCEPT SINGLE Instruction (AS:) 26, 34-35, 48, 94 
Accepting Input 24-26 
ADSR 66-69, 71-72, 74, 102 
AND Operator (&) 28-30, 44, 50 
Animation 60 
Answer Buffer (% B) 24-26, 28, 45, 79, 87, 90-92, 100 
Arithmetic Operations 16-17, 100 
ASC Function 91, 100 
ASCII 58-59, 91, 93 
ASCII Character Codes 93 
ATIACK (See ADSR) 
Author 8,36 
Auto-Repeat 20-21 
Automatic Conversion 18-19,26,44-46, 70, 91 

B 
Background Color Command (B) 14, 22, 53, 97 
BASIC 23, 94 
Beam, Graphics 11-12 
BIT-PATIERN Instruction (B:) 60-64, 94-95 
Bits 65-69 
Border Color 13-15 
Buffer (See Answer Buffer and Record Buffer) 
Buffer Length 86-87 
Bytes 17-18, 65, 69, 72 

C 
C Conditioner 46, 100 
CALL Instruction (Z:) 90, 95 
CAP Function 84, 88-89, 100 
Characters 58-59 
CHR (Character Function) 66,75,86-87,91,100 
Clear Memory 20, 22 
Clear Screen 9-10, 13,97 
CLRlHOME Key 20-22,24,94 
Colon (:) 8-10,24-25 
Color 13-14, 41-42, 53-54, 61-62, 97, 99 
Color Codes 13-14,99 
COMMAND Mode 8-9, 22-23, 94, 103 
COMPUTE Instruction (C:) 16-17, 71, 95,100 
Concatenation 19, 100 
Conditioners 8, 29-30, 35-37, 42-43, 45-46, 100 
Constant 16-17 
CONTINUATION Instruction (:) 24-26, 95 
Conversion 18-19, 26, 44-46, 70, 91 
CRSR Keys 20 
Cursor 9-10, 12-13, 20, 32 

o 
DECAY (See ADSR) 
Digit Conditioners 36-37, 100 
DIMENSION Instruction (D) 18-19, 26,95 
Disk 22-23, 86-87, 89 
DRAW Command (D) 11-14,97 
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E 
EDIT Mode 8, 20-21, 24, 94,105 
END Instruction (E:) 38, 40-43, 95 
Envelope (See ADSR) 
ERASE Command (E) 11, 13,98 
Erasing 57 
Error Codes 101 
Errors 10, 17, 101 
Escape Feature 76, 83-84, 101 
EXECUTE Instruction (X:) 79-82, 95 
Execute Indirect 79-82 
Expressions 42, 100-101 
Exterior Border Command (X) 13-14, 98 

F 
F1 (Insert Line) 21 
F2 (Restore Color) 14-15, 22-23, 94 
F7 (Cursor Left) 20 
F8 (Reenter BASIC) 22-23, 94 
Field 8 
File Handling 86-89, 90-91, 95-96 
FILE Instruction (FX:) 86-89, 95-96 
File Names 22-23, 88-89 
FILL Command (F) 14, 26, 56, 98 
Filter 67-68, 74-75 
FLO Function 91,100 
Floating Labels 34, 96 
Foreground Color Command (C) 13-14, 53-54 
Formatting a Disk 22 
Frame Design 52-57 
Frequency 65-66,67-71, 73-74, 77 
Functions 100-101 

G 
GATE 68-69 
GRAPHIC Instruction (G): 11-15,25-26,96-98 
Graphics 11-15 

H 
H Modifier (HOLD) 10, 97 
Hinting 36-37 

I 
IMMEDIATE Mode 8-9,16,21,79,94 
INS (Instring Function) 92, 100 
Instruction 8-9, 94-97 
Integer 16-17 

J 
JUMP Instruction (J:) 34-35, 43, 96 

K 
KEY Function 90-91, 101 
Keyboard Scan 90, 91 

L 
Labels 34-35, 41-43 
LEN (Length Function) 88-89, 101 
LINK Instruction (L:) 85,96 
Loading PILOT 7, 94 
Loading a Program 22, 94 
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Logical Operators 100 
Long Programs 85 
Lower Case 9-10, 16,26,27,33,82,96,99 

M 
Machine Language 90 
MATCH Instruction (M:) 21, 27-30, 35, 80-82, 96 
MATCH with JUMP Modifier (MJ:) 35 
Memory Areas 90 
MODIFIED VOICE Instruction (VX:) 90, 97 
Modifiers 8, 99-100 
MOVE Command (M) 12-13, 98 
Multiple Choice Tests 31-33 
Music Note Values 103-104 

N 
N Conditioner (See Conditioners) 
Nesting 42 
NEWCHAR Instruction (N:) 58-59, 96 
NOISE Waveform 68-69, 102 
Numeric Variable (See Variable) 
Numerical Answers 44-51 
Numerical Computations 16-17 

o 
OFFSET Command (0) 12-13, 98 
Opcode 8-10 
Option List 24-25, 83 
OR Operator (!) 29-30, 44 
Origin 11-13,42,98 

P 
Parenthesis 17 
PILOT Conventions 8 
PILOTR 7, 94 
Pixels 11-12, 52-53, 61 -62, 96-97 
POINT Command (P) 11-15, 98 
Printing a Program 22-23 
PROBLEM Instruction (PR:) 24-25, 28, 34-35, 96 
Programmable Characters 58-59 
PULSE Waveform 68-71, 73 

R 
Random Number Function (See RND) 
Record 86-87 
Record Buffer 86-89, 90-91 
Record Keeping 86-89 
Register 65 
Relational Conditioners 44, 47, 100 
Relations 41 -45 
RELEASE (See ADSR) 
REMARK Instruction (R:) 81-82, 97 
REMOVE Command (R) 12, 98 
Repeat Conditioner (C) 41 
Resolution 11 
RING MOD 68,102 
RND (Random Number Function) 46-47,49,80-81,101 
RSP Function 91,101 
RUN Mode 8, 22, 94 
RUN - ONLY PILOT 7, 94 
RUN/STOP Key 9, 15,20,24,94 
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S 
S Modifier (SCREEN) 9-10, 97 
Saving a Program 22-23, 94 
SAWTOOTH Waveform 68-69,102 
Screen 9-11,13,97 
Screen Coordinates 11-12, 52-53 
Semi - Colon (;) 11 
Separator 8 
Setting Up 7 
SID 65-78, 97, 102 
SID Register Map 102 
Single - Digit Conditioner 36-37, 100 
Sound 65-78, 97, 102 
Sound Interface Device (See SID) 
Spaces 10, 16, 21, 25, 91, 96, 99 
Special Characters 59 
Spelling Modifier (MS:) 27-28 
SPLIT Command (S) 13-14, 22, 44-45, 56-57,98 
Sprite Priority 62-63, 99 
Sprites 60-64, 97-99, 107 
STR (String Function) 91, 101 
String 18-19,49,91,100-101 
String Computation 18-19 
Subroutine Placement 43 
Subroutines 41-43 
SUSTAIN (See ADSR) 
SWP (Swap Function) 83-84, 91, 101 
SYNC 68-69, 102 
SYSX 83-84 

T 
TEXT - CURSOR Command (T) 11-13, 32, 98 
TRIANGLE Waveform 68-69, 102 
Truth Value 42, 44-45 
TYPE Instruction (T:) 9-10, 13, 18,25,58-59,97-98 

U 
UNPOINT Command (Q) 11-12, 98 
Upper Case 9-10, 16, 25-26, 27-28, 32-33, 83-84, 96-99 
USE Instruction 41-43, 97 
User 8,36 

V 
Variable 16-19,24,47-48, 100 
VOICE Instruction (V:) 65-78,90,97 
Volume 65-66, 69, 73-75 

W 
WAIT Instruction (W:) 22, 38-39 
Waveform 67-70, 75-76 
Wild Card Character, Multiple (&) 28-30 
Wild Card Character, Single (*) 28 
Window 13,22,98 
Window String Search 27-30 

X 
X Coordinates (See Screen Coordinates) 

Y 
Y Conditioner (See Conditioners) 
Y Coordinates (See Screen Coordinates) 
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A Tool for 
Teaching and 
and Learning 
• Powerful authoring language 
• Allows non-programmers to create software 
• Easy to use and user friendly 
• Provides the powerful flexibility of interactive learning 
• Teacher controls the content and instructional process 
• Easily modified to meet individual content needs 
• Teacher controls the content and instructional 

process 
• Easily modified to meet individual content needs 

You as the educational expert remain as the instruc
tionalleader in the classroom. 
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