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Part 

Taking Control 
Computers are everywhere. There is one in every digital watch and 
every pocket calculator. New cars, television sets, microwave ovens, 
and typewriters often have computers. Without computers, there would 
be no video games and no electronic toys. At the office, computers help 
people type, file information, and send messages back and forth. In the 
factory, computers guide robot arms that build cars. 

Slaves or masters? Computers are making revolutionary changes 
in the way we live, play, and work. Are these good changes? Some 
people worry that we may become slaves to this new machine, totally 
dependent on it and no longer in control of our own lives. Others see a 
brighter future in which people are masters and machines are helpers. 
Which future will actually happen? 

Computer literacy The answer to that question depends on what 
you decide to do about the computer. You can decide that computers are 
too difficult and leave the whole subject in the hands of the “experts.” 
Or you can decide to learn about computers and take control of them 
yourself. In other words, you can become computer literate. 

Literacy and freedom It took you many years to master the skills 
of reading and writing, but these skills gave you freedom. You do not 
have to depend on others to read street signs for you, or to tell you the 
latest news, or to write your letters to friends or representatives in 
Congress. You do not have to trust experts: You are literate. In the same 
way, your “math literacy” gave you freedom: You do not have to trust a 
math expert to tell you whether three oranges for 80 cents is a better 
buy than one orange for 25 cents. You are in control. 

Controlling the computer Computer literacy is like these other 
skills: It takes time and practice to learn, but it puts you in control of 
the computer and frees you from having to depend on and trust a com¬ 
puter expert. When you become computer literate, you will know two 
important things: (1) what things a computer can do and (2) how to tell 
a computer to do the things you want it to do. 



^ The Computer in Your 
HI i ^ 

Life 
IN • Learn some ways people use computers, 

THIS SESSION • Learn how computers ore important in everyday life. 
YOU WILL: • Learn the difference between dedicated computers and 

general-purpose computers, 
• Learn that controlling computers con be useful and fun. 

Computers and People 
January of 1980 is an important month in the history of computers and 
people. During that month, more computers were built than children 
were born. 

A computer for everyone? For the first time, it began to seem 
possible that any person who wanted a computer could own one. In fact, 
only three years later there were as many computers in the world as 
people. Where are all those computers? 

Computers in calculators Have you used a pocket calculator? 
There is a computer inside a pocket calculator. It notices each key that 
you press, knows all the rules of arithmetic, and writes answers on the 
display. The calculator can do arithmetic because a computer tells it 
how. 

There are com¬ 
puters in this cal¬ 
culator and in this 
digital watch. 

Computers in watches There is also a 
computer inside each digital watch—the 
watches without hands. The watch con¬ 
tains a tiny quartz crystal that vibrates 
many times every second. The computer 
counts each beat of the crystal, adds up all 
the beats, and writes the time on the dis¬ 
play. The watch shows the time because a 
computer tells it how. 

Computers in typewriters Some type¬ 
writers let you type whole letters or com¬ 
positions into a part called the “memory.” 

Later you can call up what you have written, correct spelling errors, 
and rewrite as much as you want. After that, you can have the type¬ 
writer type a perfect copy automatically. This typewriter remembers 
because a computer inside tells it how. 

Computers in stereo and TV sets To pick a station on older stereo 
and TV sets, you turn a knob that moves some metal parts inside the 
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set. To pick a station on newer units, you just touch a small button. A 
computer notices which button you touch, makes electrical changes in¬ 
side the unit, and writes the new channel number or station frequency 
on a small digital display. The computer may also remember your fa¬ 
vorite stations and how loud you like the sound. 

Computers in games and toys Have you used a video game or an 
electronic toy? An electronic chess game? Usually, a computer tells 
these games what to do and how to do it. 

Same parts in all It might surprise you that there are computers 
inside all these household appliances. Most people probably think that 
a pocket calculator and an electronic game must look very different 
inside. In fact, the parts of one are much like the parts of the other. The 
main difference is that one computer “knows” the rules of arithmetic 
and the other computer “knows” the rules of chess. 

Who Tells the Computer? 
The fact that a computer can store knowledge is very important. This 
ability makes computers different from every other machine ever in¬ 
vented. 

The stored program Before a com¬ 
puter can play chess, it must be told the 
rules and tactics of the game. This infor¬ 
mation is contained in a computer 
program, or simply, a program. A pro¬ 
gram is a list of instructions that the com¬ 
puter carries out one at a time. With a dif¬ 
ferent program, the same computer that 
carried out the steps of a chess game can 
carry out the steps of a multiplication 
problem. 

Writing programs The knowledge in¬ 
side any computer was put there by a per¬ 
son. Before a computer can play chess, a 
good chess player has to write the rules 
and tactics into a program and then put 
the program into the computer. After that, the computer can play chess, has a dedicated 

but only as well as the person who wrote the program. Whenever you see computer. 

a computer in use, remember that it is doing only what some person told 

it to do. 
Dedicated computers You cannot easily change the program in a 

chess game, a typewriter, a TV set, a watch, or a calculator. Each pro¬ 
gram is a permanent part of the appliance. We say that each of these 
computers is dedicated to carrying out the steps of one program. It 
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could have a different program, but there is no easy way for you to 
change programs. 

General-purpose computers The programs in the computers you 
will use are easily changed. These computers are called general- 
purpose computers because, by changing programs, you can easily 
change the purpose of the computer. If you put a chess-playing program 
into the computer, in a few seconds it will play chess. If you put a type¬ 
writing program in, it will help you type letters. If you put a calculator 
program in, it will help you do arithmetic problems. 

Taking Control 

This little game 
has a computer 
inside. 

If you want to do more than use other people’s programs, you must 
learn how to tell the computer to do what you want it to do. In other 
words, you must learn to write programs of your own. 

Computer language You will learn a simple language especially 
made up for writing programs. As you learn the words of this language, 
you will be able to do more with your computer. You will learn to give 
the computer commands, and you will learn which commands are easy 
and which are difficult to give. You will learn how to do many new 
things with the computer, but you will also see its limitations. 

Loading and running programs The first computer words you 
learn will let you load other people’s programs into the computer and 
find out what those programs tell the computer to do. (If you have 
played games on a computer, you probably know how to do this al¬ 
ready.) 

Reading programs Another word 
will allow you to read the instructions in a 
program. The best way to start learning 
about writing programs is by reading what 
other people have written and getting new 
ideas. 

Drawing pictures Before long, you 
will find out how to write programs of your 
own. In just a few days, you will be able to 
tell the computer to print on the TV screen 
pictures made up of letters. In a few weeks, 
you will learn how to tell the computer to 
draw pictures in color or shades of gray. 

Doing math, playing games, and 
more As you learn more about writing 
programs, you will be able to tell the com¬ 
puter to do more things for you. You can 

tell it to help you do math calculations. Or you can give it the rules of a 
game you invent and make the computer play it with you. 

4 Taking Control 



□UESTJQI^S 
i. How are calculators, digital watches, and electronic games 

alike? How are they, 

get n»il that seems written by a 

2. Have you seen other machines that might'contain computers? 
(Hint: look for pushbuttons, keyboards, and digital displays.) 

3. Do you or your f^ilf evet 
comp:||t|^Wh^^»«| you 

4. What iS^s t*Jm§uter|i 
from the same computer in 

(lifferentl 

think so? I 

ss 
a pockot calculator? 

5. Think again about letters that seem written by a computer. 
What or who told the computer h&v tolwrite thoselletters? 

fer^nce ietwden;:i^Micyd. compu^ and a 

^.... I 'Z Z ■ zz. 
7. Before you can ^ve insl||uctidns to I comiuter, what%ill 3rou 

need to learnr , ,, 

8. What are some of the things you will be able to tell your com-„ 
puter to do?. 
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^ Getting Started 
IN • Use the LOAD command to move o program from o diskette 

THIS SESSION into the computer, 
YOU WILL: • Use the RUN command to tell the computer to carry out the 

instructions in o program. 
• Use the NEN command to erase o program from the 

computer. 
• Use the CATALOG comnnond to see what programs ore on o 

diskette. 

Starting the Apple il 

You may have separate instructions for starting your Apple II 
computer system. If so, follow those instructions. If not, follow the 
instructions below. 

How to Start 
Before doing anything, take a close look at the computer system. It has 
three parts. The main unit has a keyboard like the one on a type¬ 
writer. On top of the main unit is a TV screen (also called a monitor). 
Next to the TV screen or on the table next to the computer is a small 

box labeled “disk II.” This is the disk drive. Your Computer Literacy 
diskette will go into the narrow slot behind the door in the front panel 
of the disk drive. (If your computer has two drives, you will always use 
the one labeled “Drive 1.”) 

Step 1. Be sure the TV set is turned on. If there is a volume 
control, turn it down. 

Step 2. Insert the diskette labeled COMPUTER LITERACY 
into the disk drive. Hold the diskette with your right hand, with your 
thumb on the label. Lift open the door to the disk drive. Gently slide the 
diskette all the way into the slot. Close the door tightly. 

Step 3. See whether the computer’s POWER light is on. The 
POWER light is on the keyboard at the lower left corner. What you do 
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next will depend on whether the computer is already on. If it is off, skip 
to the next paragraph. If the POWER light is on, type PR#B on the 
keyboard. Don’t worry about the meaning now; think of PR#G as a 
magic phrase, like “open sesame.” Here is how to type it: 

Press the CE) key. 

Press the ® key. 

Hold down the [ shift ] key and, at the same time, press the CS 
key. (In the future, we will call this the ( shift I 3 ] key, or the [¥] 

key.) 

Press the CS key. 

Press the ( return ) key. 

If the POWER light is off, just turn the power on. To do this, 

reach with your left hand around the back of the computer. You will feel 
a small on/off switch like the wall switch in your room. Turn it on. The 
white POWER light on the keyboard should come on. Do not type 
PR#B. 

Step 4. Watch for this: The red light on your disk drive should 

come on. You should hear clicks and whirrs coming out of the disk 
drive. The red light should turn off, and your TV screen should look like 

this: 

SUCCESS ! ! ! 

WELCOME TO COMPUTER LITERACY 

]■ 

You may have to adjust the TV picture to make it more readable. The 
symbol ] is called the Applesoft BASIC prompt character. The little 
box after the prompt character is called the cursor. It should be flash¬ 
ing on and off. The prompt character and flashing cursor tell you that 
you have started the computer correctly. If your screen does not look 
like this, turn your computer off and start over with step 1. 
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1. How do you know whether the computer is on? 

2. How do you know you have started the computer correctly? 

3. When should you type PR#6? 

Using This Book with the Computer 
The even-numbered sessions in this book will guide you in learning to 
use a computer. You will not need additional help, but you will have to 
read carefully. The book should be open and next to the computer or in 
your lap where you can easily read it while typing on the keyboard. On 
many pages, there are words printed in color at the left border. These 
words have a long, colored line under them. The line leads to a sentence 
at the right. When you see a page like this, here is what you should do: 

How to use this book 

Always read the words at the left and the sentence at the right 
before you do anything. 

2. Type the letters shown in the left column. 

3. Press the [ return ) key after each line. 

4. Then see what happens, and reread the sentence at the right. 

zzzz 

HOUSE 

HOME 

Messages to the Computer 
All right, let’s get started. The prompt symbol (]) should be at the left of 
the screen. The flashing cursor means that the computer is waiting for 
you to type something. Type the following letters: 

. ...and press the ( return ] key at the right 
side of the keyboard. 

As you pressed the keys, you should have seen the same letters show up 
on the screen. The cursor tells you where the next letter will go. When 
you pressed the [ return ] key, the computer beeped and printed the mes¬ 
sage TSYNTAX ERROR. You did nothing wrong. The computer says 
7SYNTAX ERROR when it does not understand a message you typed. 

o..and press the ( return ] key. The com¬ 
puter does not understand HOUSE either. 

. ...and press ( return ]. The computer under¬ 

stood what you typed. It cleared all words 
from the screen and moved the cursor to 
the upper left corner. 
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4. What does 7SYNTAX ERROR mean? 

5. If you want to clear the TV screen, what word should you type? 

6. When you are through typing a line, what key should you press? 

Loading Programs from Diskettes 
Let’s see how we can make the computer do something more interest¬ 
ing. (If you get the 7SYNTAX ERROR message, just retype the line.) 

LOAD HI THERE ...and press the ( return ] key. Be sure to 
include the spaces in your message. 

HI THERE is the name of a program stored on your diskette. When you 
pressed the ( return ] key, you should have seen the red light on the disk 
drive come on. While this was happening, the cursor disappeared. After 
a few moments, the cursor and the prompt symbol (1) should have reap¬ 
peared on the screen. 

...and press the ( return ] key. 

Answer the question by typing your name and pressing the 
(RETURN ] key. 

RUN 

NEN 

RUN 

...and press the ( return ] key. Try it again 
with a friend’s name. 

...and press the ( return ] key. 

...and press the [ return ) key. Nothing hap¬ 
pened because NEW erased HI THERE from 
the computer. 

Do you think HI THERE is totally lost now? Let’s see. 

LOAD HI THERE 

RUN 
...and press ( return ). 

Answer the question and press ( return ]. 

The original version of program HI THERE is still on the diskette. The 
LOAD command only loads a copy of the program into the computer. 

If everything worked, you found out how you can use three com¬ 
mands. The LOAD command told the computer to move HI THERE 
from the diskette into the computer. The RUN command told the com¬ 
puter to perform HI THERE. The NEW command told the computer to 
erase HI THERE. You used the ( return ] key to send each message to the 
computer. 
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Let’s try these commands again. If you make a typing error, just 
retype the line. Remember to press the ( return ] key at the end of 

each line. 

LOAD ROCKET 
RUN 

NEU 
RUN 

LOAD 
RUN 

BLAST OFF 

RUN 

NEU 
RUN 

LOAD 
RUN 

BLAST OFF 

Now you should see a rocket drawn on the 
screen. 

The NEN command erased program 
ROCKET from the computer. 

This program shows the rocket taking off. 

Launch it again. 

Now the program is gone from the com¬ 
puter. 

But you can bring it back from the diskette. 

7. Suppose you have a program named CIRCLES on your diskette. 
How would you load this program into the computer and tell the 
computer to perform it? 

8. If you just ran a program named AIRPLANE, how would you tell 
the computer to erase AIRPLANE from the computer? 

9. What have you used the [ return ) key for? 

Finding What Programs Are on a Diskette 
Your diskette contains many programs. Here is how you can discover 
what is there. 

CATALOG This is a new command. 

The CATALOG command tells the computer to show you the names of 
the programs on the diskette. Can you find HI THERE, ROCKET, and 
BLAST OFF in the list? There is also a program named BOXES. Try 
loading it and running it. 

LOAD BOXES 

Your Apple computer can draw with colors 
(or shades of gray on a black-and-white 
TV). 

NEU 
RUN 
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Errors While Loading 
If you made no typing mistakes, you saw no error messages on the 
screen. There are other errors besides typing errors. Let’s make one 
happen now. 

Open the door on the disk drive and remove the diskette. 

LOAD HI THERE ...and press the ( return ] key. After some 
buzzes and clicks, you should see an error 
message on the screen. 

I / □ is an abbreviation for input/output. So, I/O ERROR means the 
computer had a problem with input or output. You know why. The com¬ 
puter was trying to load HI THERE, but you removed the diskette con¬ 
taining HI THERE. The error was that there was no diskette in the 
drive. The same error message will appear if the door on the disk drive 
is open or if the diskette is upside down. Put the diskette back in the 

disk drive and close the door. 

CATALOG 

LOAD AIRPLANE 
Check the list of programs on the diskette. 

But AIRPLANE is not on the diskette. 

This time you should have seen this error message on the screen: FILE 
NOT FOUND. Programs are stored in files on the diskette. There is no 
file named AIRPLANE on the diskette, so the computer said it could not 

find the file. 

10. If you try to load a program from the diskette, but accidentally 
leave the disk-drive door open, what message will the computer 

print? 

11. In the message I/O ERROR, what does I/O stand for? 

12. If you try to load a program that is not on the diskette, what error 

message will you get? 

If you have extra lab time: EXPLORE 
■ There is an interesting program called TURTLE TROT on the disk¬ 

ette. Find out what it does. 

■ See what programs SYMMETRY and OUILT do. 

iii> 
When you leave the computer, it is a good idea to turn 
off the TV. Leave the computer on, however. Be sure to 
take your diskette out of the drive. 
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Communicating with 
Your Computer 

IN • Review the system commands LOAD, RUN, NEN, and 
THIS SESSION CATALOG. 

YOU WILL: • Learn what a computer ianguage is. 
• Learn how information flows between the computer and the 

person using it. 
• Define oil computer activities os one of three things: input, 

processing, or output. 
• Learn how keyboard input leads to screen output. 

Review 
In Session 2, you learned how to turn your computer on, and you experi¬ 

mented with typing letters and words on the keyboard. You found that 
the computer did not recognize some words and gave you an error 
message. It recognized the wmrds LOAD, RUN, NEN, and CATALOG, 
however, and carried out your instructions. These four words are exam¬ 
ples of commands. A command usually tells the computer to do some¬ 
thing with a program. 

LOAD You saw that the LOAD command tells the computer to 
move a copy of a program from the diskette into the computer. 

RUN The RUN command tells the computer to perform the program 
now in the computer. What the computer does after that depends on 
what program is in the computer. If there is no program in the com¬ 
puter, it will do nothing. 

NEW The NEN command tells the computer to erase the program 
from the computer, but not from the diskette. In sessions to come, you 
will enter programs by typing them on the keyboard. You will need the 
NEN command to erase an old program before typing a new one. 

CATALOG If you have many programs on a diskette, you may not 
remember exactly what is there. The CATALOG command tells the com¬ 
puter to show you the names of the programs on the diskette in the disk 
drive. 

The Language of the Computer 
To use a computer, you must be able to communicate with it. You must 
tell the computer what you want done and must understand the mes¬ 
sages that come back from the computer. In short, you need to know a 

language. 
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BASIC The language your computer uses has a name. It is called 
BASIC, which stands for Beginners All-purpose Symbolic Instruction 
Code. BASIC was invented in 1963 by John Kemeny and Thomas Kurtz 
to teach students how to use a computer. Today more people know 
BASIC than any other computer language. BASIC is used in homes, 

businesses, science labs, and schools. 
Applesoft The version of BASIC you will use is called Applesoft 

BASIC. There are other versions of BASIC, but their main parts are 
very much alike. We will call these common parts Standard BASIC. 
When there is an important difference between Applesoft and Standard 

BASIC, we will point it out. 
Very tiny vocabulary From your activities in Session 2, you are 

beginning to understand what kind of language your computer speaks. 
There aren’t very many words in the computer’s vocabulary. In fact, 
you will need to know only about two dozen words and a dozen symbols. 
After that, you will be able to say almost anything that can be said to 
your computer. 

Other languages There are many other computer languages. 
They have names such as FORTRAN, COBOL, PL/I, Logo, Pascal, and 
Ada. People have written hundreds of thousands of programs in each 
language, and it seems unlikely that any one language will win out 
over the rest. Some people argue that their own favorite language is 
best, but most computer languages are really very much alike. They all 
have very tiny vocabularies, and it is usually easy to translate from one 
computer language into another. Most people who work with computers 
know three or four computer languages. 

Learning new languages Although you will be using BASIC in 
this course, you will be learning things that apply to any other com¬ 
puter language you might learn later. Usually, all you will have to do is 
learn a few new words and punctuation rules. Your basic tools will be 

the same in any language. 

Talking with the Computer 
In Session 2, you found that working with a computer is a lot like hav¬ 
ing a conversation with another person. There is a time to talk and a 
time to listen. You ‘Talk” to the computer by typing on its keyboard, 
and you “listen” by reading words on the screen. If you talk when you 
should be listening, the conversation gets confusing. 

The cursor The computer has a way of signaling when it is ready to 
listen to you. It puts its cursor on the screen. On the Apple II computer, 
the cursor is a small square of light that flashes on and off. If the cursor 
is not on the screen, the computer is not paying attention to the keyboard. 

The RETURN key You also have a way of signaling that you have 
finished talking to the computer. After typing your message, you must 
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press the f return ] key. After that, the computer accepts your message, 
does what you asked, and puts the cursor back on the screen. 

What Is a Computer? 
Until now, we have been using the term computer without saying 
clearly what it means. From your experience in Session 2, you already 
know a lot about what a computer is, because you know some things it 
can do. You will learn more about how computers work later. At this 
time, you should not worry about how the computer does things. You 
don’t need to know how it works to understand how it behaves. You 
understand and get along with your friends without knowing how their 
brains, hearts, and stomachs work. Likewise, most people who use com¬ 
puters every day don’t know much about how the parts make the whole 
machine work. 

Input, processing, and output A computer is what it does: Remem¬ 
ber when you ran the program HI THERE and entered your name? The 
computer was performing input. After you pressed [ return ], the com¬ 
puter combined your name with the phrase IS GREAT ! !. The com¬ 
puter was processing the information you gave it. Finally, the com¬ 
puter printed CHARLIE (or whatever your name is) I S G R E AT ! ! many 
times. The computer was performing output. 

The three main activities of a computer 

1. Input: The computer takes in information. 

r2. ^ Processing: The computer does something with the informa¬ 
tion. 

3. Output: The computer gives out information. 

Listening, thinking, and talking In human terms, input is like lis¬ 
tening, processing is like thinking, and output is like talking. Some 
people try to do all three at once, but computers usually do one at a 
time. For example, when you typed LOAD HI THERE, the computer 
began to input HI THERE from the diskette. While doing that, the com- 
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puter turned off the cursor. It was not ready for input from the key¬ 

board. 
Other inputs and outputs In this course, you will usually use your 

keyboard for input and your screen for output. If you play computer 
games, you often use knobs and buttons for input, and you may get 
music or sound as output. The computer in a new car uses many differ¬ 
ent input devices: Thermometers, pressure gauges, light switches, and 
speedometers are a few. The car computer uses dials, lights, and beepers 
for output. Someday the car computer will get input from a radar beam, 
and it will use the brakes as output if the car is about to hit something. 

Keyboard Input and Screen Output 
When you first started using your computer, it probably seemed to you 
that the keyboard was “connected to” the screen. When you pressed the 
HT] key, the letter H appeared on the screen right away. The computer 

behaved like a typewriter. 

The keyboard is really just a set of 
switches. They are connected to the com¬ 
puter processor, not the screen. The 
screen, which is also connected to the proc¬ 
essor, shows what you type only if the proc¬ 
essor says so. 

Keyboard input Each time you press 
a key, the computer performs input, proc¬ 
essing, and output. The computer usually 
checks the keyboard about a thousand 
times a second to see if you have pressed a 
key. If so, the computer inputs information 
that tells which key you pressed. Next, the 
computer processes that information and 

decides what to do. When you press most keys, the computer outputs pu^s^ett^rs^and^^ 
that letter or symbol on the TV screen. It puts the letter where the symbols to the tv 

cursor is and then moves the cursor to the right. When you press certain screen, 

keys, such as [ return ], the computer performs a different kind of process¬ 

ing and output. 

What do commands usually do? 

2. What commands must you type to put the program named 
BOXES into the computer and perform it? |b 
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3. What is the purpose of a computer language? 

4. About how many BASIC words will you need to learn to com¬ 
municate with your computer? 

5. What computer language is most used in the world? 

6. What are two computer languages other than BASIC? 

7. When the cursor is on the screen, what is the computer ready 
to do? 

8. What is the ( return ] key used for? 

9. What three main activities does every computer perform? 

10. If you experimented with the program TURTLE TROT, what 
part of what you saw was input, processing, and output? 

11. Today, you can use an automatic teller to get money out of a 
bank. The automatic teller is connected to a computer. You 
must put a plastic bank card into a slot. Your account number 
is on the card. You must then press keys that let the teller 
know your secret password and how much money you want. 
The teller checks your password and checks whether there is 
enough money in your account. If everything is OK, the ma¬ 
chine gives you the money. Think of what happens when you 
use an automatic teller. What information is input? What 
processing does the teller do? What is output? 

12. A home thermostat turns your heat on and off as the tempera¬ 
ture of the room goes down and up. Some new thermostats are 
actually computers. What information is input to such a ther¬ 
mostat? What processing does the thermostat do? What infor¬ 
mation is output? 

13. Some supermarkets have computers that figure out your bill 
at the checkout counter. The clerk passes each product over a 
“reader.” It reads the stripes on the package that tell exactly 
what the product is. Quickly, the computer shows the price on 
the cash register. Can you explain what information is input? 
What processing the computer performs? What the output is? 

14. At the computer, you typed ZZZZ on the keyboard and then 
pressed the [ return ] key. For each key you pressed, can you 
describe what was input? What processing the computer did? 
What was output? 

15. Is it true that whenever you press a key on the keyboard, the 
computer prints a letter or symbol on the screen? Explain 
your answer. 
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Reading and ^ 
Changing Programs 

IN • Use the LIST command. 
THIS SESSION • Use the arrow keys to correct typing errors. 

YOU WILL: • Read program ROCKET. 
• Make changes in a BASIC program. 

starting the Computer 
Every hands-on session in this book begins the same way. You must 
start the computer with your diskette as you did in Session 2. Follow 
the steps below. If you need more details, see pages 6 and 7. 

1. Turn on the TV. 

2. Insert your diskette into the drive. 

3. If the computer is on, type PR«B and press ( return ]. If it is off, 
just turn it on. 

4. Wait for the WELCOME TO COMPUTER LITERACY message. 

A New BASIC Command 
You already know several commands that tell the computer to do some¬ 
thing with a program. Let’s start with some of the commands you have 
used. Remember, if you make a typing error, just press the [ return ] key 

and retype the lines. 

LOAD ROCKET 

RUN 

LIST 

You have used the LOAD 
mand you have not used. 

This brings program ROCKET into the 
computer from your diskette. 
This tells the computer to perform the pro¬ 
gram. 

and RUN commands before. Here is a com- 

This tells the computer to print the pro¬ 
gram lines on the screen. 

You are now looking at the BASIC program named ROCKET. It tells 
your computer how to draw a picture of a rocket. Each line starts with a 
number. In program ROCKET the top line number is 100; the bottom 
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HOME 

LIST 

CATALOG 

LIST 

MEN 

LIST 

number is 290. Notice that all but two of the lines use the word 
PRINT. The LIST command tells the computer to list the lines of the 
BASIC program now in the computer. 

This tells the computer to clear the screen. 

Program ROCKET is still in the computer. 

— Do you think this command erased 
ROCKET from the computer? 

.. No, ROCKET is still in the computer. 

- Is ROCKET still there now? 

——- Now it’s gone. 

LIST is a useful command. Any time you want to see the BASIC pro¬ 
gram in the computer, type LIST. 

1. If you use HONE to clear the screen, does it also erase the program 
from the computer? 

2. How can you see the lines of a program stored in the computer? 

Correcting Typing Errors 
If there is a typing error in a command you give to the computer, you 
will usually get the 7SYNTAX ERROR message. If you make mistakes 
but notice them before pressing the ( return ] key, you can correct the 
errors. You will find out how to do that in this section. Start with this 
error. 

LOAD SOCKET 
Whoops! There is no program named 
SOCKET on your diskette. 

We intentionally had you misspell ROCKET. As soon as you pressed 
( RETURN), the computer tried to find a program named SOCKET on your 
diskette. There was no S 0 C K E T, so the computer beeped and said FILE 
NOT FOUND. (Remember, programs are stored on the diskette in files.) 

Let’s suppose you saw the typing mistake before you pressed the 
(RETURN ] key. You would probably want to fix the error before pressing 
(RETURN ], so the computer would not waste time looking for the wrong 
program. Type LOAD SOCKET again, but don’t press (return] this 
time! Here is how to use the arrow keys to change the S to an R. (The 
two arrow keys are located below the ( return ] key.) 

1. Press the left-arrow key O until the flashing cursor is over 
the S in SOCKET. 

2. Type (]£) to correct the spelling mistake. 
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3. Then use the right-arrow key (3 to move the cursor out past 
the end of the line. 

4. Then press the { return ] key. 

You know you corrected the error because this time there was no 

FILE NOT FOUND message. 
Step 3 is very important. Let’s see what happens when you leave it 

out by accident. Type LOAD SOCKET again, but don’t press ( return) 

yet. Now carry out steps 1, 2, and 4 in the instructions above. 
What happened? 

When you pressed ( return ), all the letters to the right of the R disap¬ 
peared. Your command became LOAD R. There is no file named R on 
your diskette, so you got the FILE NOT FOUND error message. Moral: 
You must always use the right-arrow key after fixing any errors in the 
middle of a line. Move the cursor to the right, past the end of the line. 

3. Suppose program BLAST OFF has been loaded into the computer. 
You type RUN AN AY, press the left-arrow key four times, and then 

press the ( return ) key. What will happen? 

4. If you type LOAD HITHERE, what must you do to put a space after 

HI? 

Reading a Program 
A good way to start learning to write a program is by reading programs 
other people have written. Let’s start by reading program ROCKET. 

LOAD ROCKET 

You should see a listing of ROCKET on 
your screen. 

RUN 

LIST 

All but the first two lines contain the word P R IN T and some characters 
between quotation marks. Look at these characters carefully. Let’s see 
what PRINT tells the computer to do. 

Now you know what the program tells the 

computer to do. 
This is the program. 

HOME 
PRINT 

PRINT 

LIST 

You have probably figured out that PRINT tells the computer to print 
on the TV screen whatever characters are inside the quotation marks. 

Try out this idea. 

"ROCKET" 

"BLAST OFF" 

You have to hold down the ( shift ] key and 
type the (T) key to get the quotation mark. 
Notice the words under the line you typed. 

List the program. 
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Now you know what PRINT tells the computer to do. You also know 

that HOME (in line 110) tells the computer to clear the screen. But what 
does line 100 mean? The word REM is short for “remark.” The writer of 
this program used R E M to put a title at the beginning of the program. 
When the computer performs the program, it simply ignores REM and 

the rest of line 10 0. 

5. How can you tell the computer to put the sentence CHARLIE IS 
GREAT ! ! on the screen? (Try it and see if you are right.) 

6. How can you put the phrase PART 1 into a program without having 
it appear on the screen when you run the program? 

Making Changes in Programs 
Throughout the rest of this book, you will constantly be making 
changes in programs. Let’s change program ROCKET. (Load it if it is not 
already in your computer.) 

LIST You should see a listing of ROCKET on 
your screen. 

This program listing should be on your screen: 

100 REM -- PROGRAM ROCKET 
1 10 HOME 
120 PRINT II II 

130 PRINT “ # 
140 PRINT " # 
150 PRINT " # M #" 
1G0 PRINT II ^ 0 # '■ 
170 PRINT " # 0 # '■ 
180 PRINT " # N 
100 PRINT # '■ 
200 PRINT " # R 
210 PRINT A # '■ 
220 PRINT " # K 
230 PRINT " # E # ■■ 
240 PRINT R 
250 PRINT #" 
280 PRINT " # #" 
270 PRINT '• # ##### #" 
280 PRINT ” # # 
290 PRINT #" 

This is the program that drew a picture 
each line begins with a line number. You have already seen that 
PRINT tells the computer to print characters on the screen. Now for a 
few changes. When you type the next lines, make certain you use the 
number keys for 1 and 0. Don’t use the CD key or the letter CD key for 
these numbers. 
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1B0 PRINT ii tt# 0 ##" 

170 PRINT " # # 0 # # 

There are three spaces after the first quo¬ 
tation mark and one space before and after 

the 0. 
There are two spaces after the first quota¬ 

tion mark. 

LIST 

RUN 

What do you think the program looks like now? Let’s list it and see: 

The old lines 1G0 and 170 are gone. 
The new ones you just entered have taken 

their place. 
You have added forward fins to the rocket. 

If you want to change a line in a BASIC program, simply retype the 
complete line, using the same line number. The new line will take the 

place of the old one. 

180 

LIST 

RUN 

_ ...and press the ( return ) key. 

Line 180 is missing. 

The rocket is a little shorter now. 

To remove a line from a program, type only the line number and press 
the ( RETURN ) key. The computer then removes the line from the program. 

There are now five spaces after the first 
quotation mark. 
Now there are three new lines in the pro¬ 

gram. 
You have added a capsule to the top of the 

rocket. 

To insert a new line, use a line number not already in the program. The 
computer will place the new line in numerical order among the other 

lines. 

7. How do you remove a line from a BASIC program? 

8. How do you change a line already in a BASIC program? 

9. How do you insert a new line into a BASIC program? 

122 PRINT " 
124 PRINT “ ### 
125 PRINT " ##« 

LIST 

RUN 
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If you have extra lab time: EXPLORE 
■ Remove line 110 from program ROCKET. Run it a few times. What 

does the computer do now? 

■ Do you think the changes you have made to ROCKET have also 
changed the version on your diskette? Load it and see. 

■ Load program HI THERE. Run it, and then list it. Find the line that 
contains PRINT. Change the line so that GREAT becomes SMART, but 
everything else stays the same. Run the new version. 

■ Change the 50 to a 5 in line 140 in program HI THERE. Run this 
version. Now change the 5 to 100 and run. 

Before leaving the computer, turn off the TV and take 
your diskette out of the drive. 
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Program Lines and g 
Statements 

IN • Learn what a program listing is, 
THIS SESSION • Learn the difference between a command and a statement. 

YOU WILL: • Learn what the PRINT, REM, and HOME statements do, 
• Learn the difference between immediate mode and 

program mode. 
• Learn how line-number editing works. 
• Learn what a user trap is. 

Review 
In Session 2, you learned to use the LOAD and RUN commands to put a 
program into the computer and run it. But you did not see the program 
itself. Then in Session 4, you discovered the LIST command. It tells the 
computer to show you the actual lines of the program. 

Disk input As we have said, a computer is always doing one of 

three things. When you entered the LOAD 

began to input a program that was stored 
on the diskette in the disk drive. 

Processing When you entered the 
RUN command, the computer processed all 
the lines of the program. The computer 
processes a program by reading one line at 
a time and carrying out whatever instruc¬ 

tions are written there. 
Screen output Certain program lines 

contain the word PRINT. The PRINT 
statement tells the computer to output 
characters on the TV screen. The LIST 
command also tells the computer to proc¬ 
ess (read the program lines) and output 

(print them on the screen). 

You used the com¬ 
puter to draw a 
rocket. Computers 
are used to con¬ 
trol real rockets 
too. 

command, your computer 
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The program listing In Session 4, you loaded program ROCKET 
into your computer. Then you typed the LIST command. The computer 
responded by printing these lines on the screen: 

100 REM -- ■PROGRAM ROCKET 
110 HOME 
120 PRINT II II 

130 PRINT II 

140 PRINT II # 
150 PRINT II # M # '• 
1G0 PRINT II # 0 
170 PRINT II 0 
180 PRINT II # N 
180 PRINT II # 
200 PRINT II # R 
210 PRINT II A #" 
220 PRINT II # K n ” 
230 PRINT II # E #" 
240 PRINT II # R #" 
250 PRINT II # 
280 PRINT II 

270 PRINT II t « 1 « « « t.t .t.t. t.t. 1 1 TT TT TT TT TT TT TT tf tf tv vf vf vf 
280 PRINT II # # 
280 PRINT II 

These lines are called a listing of the program. The listing of pro¬ 
gram ROCKET shows all the instructions the computer follows when 
drawing a picture of a rocket ship. 

Program lines Every BASIC program is made up of a list of lines. 
Every line begins with a line number. The rest of the line is a state¬ 
ment. For example, program ROCKET contains this line: 

130 PRINT " # #" 

This line is called ‘Tine 130.” The statement on line 130 is 

PRINT " # 

The PRINT statement You found in Session 4 that PRINT tells the 
computer to print on the TV screen all the characters between the two 
quotation marks. We say that ‘Tine 130 contains a PRINT statement,” 
which means that the word after the line number is PRINT. All 
but two lines in program ROCKET contain PRINT statements. They tell 
the computer how to draw the rocket. 

The REM statement Program ROCKET begins with a REM state¬ 
ment. The REM statement allows the writer to put a remark into a 
program listing without changing the way the program runs. The com¬ 
puter ignores all REM statements when performing a program. You will 
use the REM statement often to make your programs easier to read. 

The HOME statement Line II0 of program ROCKET contains a 
HOME statement. It tells the computer to clear the TV screen before it 
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begins to print the rocket in lines 120 through 290. It is usually a 

good idea to start programs with a HOME statement. 
Commands The words LOAD, RUN, LIST, and NEW are examples 

of commands. A command usually tells the computer to do something 
with a program. The LOAD command says to put a program into the 
computer. RUN tells the computer to run the program. LIST says to 
show the program lines on the screen. NEW says to erase the program 

from the computer, but not from the diskette. 
Statements The words PRINT, REM, and HOME are examples of 

statements. Statements do not tell the computer what to do with pro¬ 

grams. Statements make up a program. 
Program mode Before you can add a statement to a BASIC pro¬ 

gram, you must give the statement a line number. The computer does 
not perform the statement right away, but stores it along with any 
other statements you type. The computer performs the statement only 
when you enter the R U N command. This is called the program mode of 

using a statement. 
Immediate mode But you found in Session 4 that you could also 

enter a statement without a line number. For example, you typed 

PRINT "BLAST OFF" 

and the computer printed BLAST OFF on the screen immediately. You 
also used the H 0 M E statement without a line number and the computer 
cleared the screen immediately. Whenever you type a BASIC statement 
without a line number, the computer performs it right away. This is 

called the immediate mode of using a statement. 
Spaces in programs When you type a program into the computer, 

put spaces after line numbers and between words. Applesoft BASIC 
does not usually require spaces, but Standard BASIC does. So you 
should get into the habit of putting in spaces now. Applesoft BASIC will 
sometimes add extra spaces to the listing, but you should not worry 
about them. All program lines in the rest of this book will show only the 

spaces you should type. 

Line-Number Editing 
In Session 4, you learned how to use the LIST command to see the lines 
of a program. You also learned how to make changes in a program. The 
process of changing a program is called editing. Most of your time at 
the computer will be spent editing. It is very easy to edit BASIC pro¬ 

grams. Suppose you start by entering this program: 

10 PRINT "HOW" 
20 PRINT "PURPLE" 
30 PRINT "THE ELEPHANT" 
40 PRINT "IS" 

5 • Program Lir^es and Statements 



Changing a statement To change a statement, all you have to do 
is retype the line and use the same line number. Example: If you enter 

the line 

30 PRINT "COW 

your program will change to this: 

10 PRINT "HOW 
20 PRINT "PURPLE" 
30 PRINT "COW 
40 PRINT "IS" 

Removing a statement Getting rid of a statement in a program is 
easy. All you have to do is type its line number and press the [ return ) 

key. Example: If you now enter the line 

40 

your program will change further to this: 

10 PRINT "HOW 
20 PRINT "PURPLE" 
30 PRINT "COW 

Adding a statement To put a new line between the first and second 
lines of your program, you must pick a line number between 1 1 and 1 9. 
(You may not use decimal points.) The computer will then put the line 
into the program at the right place. Example: If you next enter the line 

15 PRINT "NON" 

the program would change once more to this new form: 

10 PRINT "HON" 
15 PRINT "NON" 
20 PRINT "PURPLE" 
30 PRINT "CON" 

User traps Line-number editing is a tool that helps you write and 
change programs. Like any tool, it can also cause damage by accident. 
You should watch out for user traps: common mistakes that are likely 
to cause accidents. For example, suppose you want to type this line 

20 PRINT "BRONN" 

but by mistake you type the letter for the number (3. When 
you list the program, you find that line 2 0 is unchanged, and there is a 
new line 2! Your program looks like this: 

2 0 PRINT "BRONN" 
10 PRINT "HON" 
15 PRINT "NON" 
20 PRINT "PURPLE" 
30 PRINT "CON" 

Why? Because the line number you typed was really 2. You next typed 
the letter 0. Since 0 is not a number, the computer assumed you had 
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finished the line number. Line numbers give you a powerful way to 
change a program, but mistakes in line numbers can hurt a program. 

Blank lines One problem with line-number editing in BASIC is 
that you cannot enter a line with just a line number. Such lines are very 
important because they make your programs easy to read. The closest 
you can come in Applesoft BASIC (the version of BASIC on your com¬ 
puter) is a line number followed by a colon (s). As you explore the 
programs on your diskette, you will see many examples of such “blank” 

lines. 

1. What command tells the computer to show you the lines of 

the program in the computer? 

2. What are the two parts of any line in a BASIC program? 

3. What are the three different types of BASIC statements in 

program ROCKET? 

4. What is the difference between a command and a statement"^ 

5. What is the difference between immediate mode and program 

mode of using a statement? 

6. Suppose you intended to enter the line 

20 PRINT “BROWN" 

but typed the letter CS rather than the number (Y). 

Your program ended up with this line: 

2 0 PRINT “BROWN" 

How would you fix your mistake? 

7. What would you type to add the statement PRINT “OLD" 
between the two statements in the following program? 

20 PRINT “GOOD" 
30 PRINT “BOY" 

8. In the program in question 7, what would you type to change 

the last statement to PRINT “GIRL"? 

9. In the program in question 7, what would you type to get rid 

of the last statement? 

iO. In the program in question 7, what statement would you add 
to the beginning of the program to tell the computer to clear 

the screen? 
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Writing a Program 
and Saving it 

IN • Use PRINT statements to write a new BASIC program, 
THIS SESSION • Use line editing to change the program, 

YOU WILL: • Use the SAUE command to move the program to the 
diskette, 

• Use the DELETE command to remove the program from the 
diskette. 

Writing a Program 
You have looked at a few programs on your diskette. Now it is time for 
you to write your own program. For this first program, you will be told 
exactly what to do. Later in this session, you will have a chance to write 
several programs without help. 

Start the computer just as you did in Sessions 2 and 4. Turn 
on the TV. Insert your diskette. If the computer is on, type PR#B 
and press [ return ]. If not, just turn it on. Wait for the WELCOME TO 
COMPUTER LITERACY message. 

-ii—I This erases whatever is in the computer. 

Always type NEW before entering a new program from the keyboard. 
Otherwise you will be adding lines to whatever program is already in 
the computer. Now type the following four lines. Remember to use the 
( SHIFT ] key to get the quotation marks. Be sure to use the number keys 
for the line numbers. 

100 PRINT 
110 PRINT 
120 PRINT 
130 PRINT 

"YOUNG" 
"MARTIANS" 
"EAT" 
"SNAILS" 

HOME 
Now you have a four-line program. 

Clear the screen. 
LIST 

RUN 
Look at the program. 

If you get a TSYNTAX ERROR message, 
retype the line with the error. 

When running the program, the computer performed each statement in 
numerical order. Each statement told the computer to print a single 
word on the screen. 
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1. What is the purpose of line numbers in a BASIC program? 

T' 2. When a computer runs a BASIC program, which line does it perform 

first? 

Editing the Program 
Here is what the program should look like now: 

100 PRINT "YOUNG" 
110 PRINT "MARTIANS" 
120 PRINT "EAT" 
130 PRINT "SNAILS" 

Suppose you wanted to change the order of the column of words on 
the screen. You want to see SNAILS, EAT, YOUNG, and MARTIANS. 
You have learned how to do add and delete lines. That is all you will 

have to do, so try some editing now: 
First, clear the screen and list the program. Then edit it to 

look like this: 

80 PRINT "SNAILS" 
00 PRINT "EAT" 
100 PRINT "YOUNG" 
110 PRINT "MARTIANS" 

After you finish that editing job, change the line that says 
YOUNG to say GREEN. 

3. How do you change a line in a BASIC program? 

* 4. If you type only the line number of a line in a BASIC program and 

j press the [ return ] key, what will happen? 

5. How do you put a new line into a BASIC program? 

Saving the Program 
Now, let’s see how to move this program from the computer to your 
diskette. First, let’s check the names of the programs on the diskette. 

Look at the names. There is nothing 

named SNAILS. 
Check out the program. 

Be sure to remember the space between 
the words. Notice that the red light on the 

disk drive came on. 
A copy of your program is still in the com¬ 

puter. 
SNAILS should be in your diskette catalog 

now. 

HOME 
CATALOG 

LIST_ 

SAME SNAILS 

LIST 

CATALOG 
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NEN 
LIST 

CATALOG 

LOAD SNAILS 
LIST 

Now your program is gone from the com¬ 

puter. 
But SNAILS is still on the diskette. 

Now your program is back in the com¬ 
puter. You recalled it by loading S N AILS. 

The SAt^E command tells the computer to move a copy of a program 
from the computer to the diskette. SAME should be followed by a space 
and the file name you want to give the program. 

6. When you SAME a program, does the computer automatically erase 
the program from the computer? 

7. How would you move a program with the name MESSAGE to the 

diskette? 

Removing a Program from the Diskette 
If you use the SAME command often, sooner or later your diskette will 
not hold any more programs. In this section, you will learn how to 
remove programs from your diskette when you no longer need them. If 
SNAILS is not in your computer now, type LOAD SNAILS. 

Check that SNAILS is still on your disk¬ 
ette. 
Notice that the red light on the disk drive 
came on. 
SNAILS should be missing from the disk¬ 
ette now. 

But SNAILS is still in the computer. 

Now SNAILS is gone from the computer, 
too. 

The DELETE command tells the computer to remove a file from the 
diskette. DELETE has no effect on the program in the computer. 

8. Which command do you use to remove a program from the com¬ 
puter? 

9. Does the DELETE command automatically erase whatever program 
is now in the computer? 

CATALOG 

DELETE SNAILS 

CATALOG 

HOME 
LIST 

NEN 
LIST 
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SAVE and LOAD User Traps 
You learned in Session 5 what a user trap is. There are a few user traps 
to watch out for with SAME and LOAD. It is easy to forget to put a 
program name after SAME and LOAD. Let’s see what happens. 

Notice that the cursor is gone. 

The red light on the drive did not come on. Nothing is happening. It 
looks like your computer is broken. Press a few keys on the key- 
boardo It looks bad. Here is the way out: Press the ( reset ] key at the 
upper right corner of the keyboard. (On some Apples, you must 
press the (ctrl) key at the same time.) The cursor returns, and all is 

well again. Now let’s see what happens with SAME. 

- —Again, the cursor is gone. 

This is the same problem. Press f reset ] again. The cursor should be 
back once more. No damage is done by falling into these user traps, but 

you do need to know how to get out. 

Do not press the ( reset ) key while the red light on the 
disk drive is on. If you do, you will destroy information 
on the diskette. 

You are probably wondering why the Apple computer “hangs up” 
when you forget the program name. The LOAD command without any 
program name tells the computer to try to load a program from a cas¬ 
sette tape recorder. If no tape recorder is attached, or if there is one 
but it is turned off, the Apple waits forever for the program. S AM E fol¬ 
lowed by no program name also refers to the cassette recorder. 

10. If the cursor disappears after you type LOAD or SAME, what should 

you do to get it back? 
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If you have extra lab time: EXPLORE 
■ Write a program to print your first name on one line and your last 

name on the line below it. 

■ Write a program to print a message of your choice, with one word on 
each line. 

■ Find out whether you can save the same program on your diskette in 
two files with different names. 

■ Find out what happens when you try to save a program with the 
name ROCKET or BOXES. 

Before leaving, use DELETE to remove any programs 
you do not want on your diskette. Then turn off the TV 
and remove your diskette. 
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Patterns with the Print ^ 
Statement 

IN • Review diskette commands. 
THIS SESSION • Learn to use LOCK and UNLOCK commands. 

YOU WILL: • Understand that computer information can be lost stolen, 
and damaged. 

• Plan a program using PRINT statements to make a design 
on the screen. 

Review of Diskette Commands 
You have now used all four of the commands that move copies of pro¬ 
grams back and forth between the diskette and the computer and that 
erase copies of programs in either place. Now is a good time to review 
these four commands: LOAD, SAME, DELETE, and NEW. 

Information is erased Every one of these commands is potentially 
dangerous because it erases something. To stay out of trouble, you have 
to know what is going to be lost: NEW erases the program in the com¬ 
puter. DELETE PIG erases file PIG from the diskette. But LOAD PIG 

also erases something, and so does SAME PIG. 
Effect of commands The table below shows the danger spots for 

these commands. Suppose there is a program in the computer now. Let’s 
call it HOG. There is a different program on the diskette in a file named 
PIG. This table shows what happens to HOG and P I G when you type 

each command. 

Command 

NEW 

DELETE PIG 

LOAD PIG 

SAME PIG 

Effect 

Erases HOG from the computer. Does 
nothing to any diskette file. 

Erases file PIG from the diskette. 
Does nothing to program HOG 
in the computer. 

Erases HOG from the computer. Then 
puts a copy of file PIG into the 
computer. 

Erases file PIG from the diskette. 
Then puts a copy of program HOG 

into file PIG. 

The LOCK command The diskette copy of a program is usually 
important. You don’t want to lose it by accident, but accidents can hap¬ 
pen. Suppose that P I G is an important program on your diskette. But 
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you forget its name, and then you decide to save a different program 
with the name PIG. As soon as you type SAME PIG, your precious old 
program is erased. You can prevent this accident by locking the pro¬ 
grams on your diskette. The command 

LOCK PIG 

does the job for program PIG. After that, if you type DELETE PIG or 
SAME PIG, the computer will beep and say 

FILE LOCKED 

Before you can erase PIG, you must first type 

UNLOCK PIG 

Locked files on your diskette All the programs on your diskette 
were locked before you got it. You can easily tell which files are locked 
by typing the CATALOG command. If there is an asterisk (^) at the start 
of a line in the catalog listing, that file is locked. 

Protecting Your Information 
After you spend several hours writing and improving a program, you 
don’t want to see it disappear from your diskette. If that happens by 
accident, no one is to blame. But another person who has access to your 
diskette might think it would be fun to wipe out a few of your pro¬ 
grams—just as a joke. It is not a joke to damage or to take information 
that belongs to someone else. 

Huge amounts of 
information are 
stored in computer 
centers. 

Information is property Every year 
our society depends more and more on sys¬ 
tems of information. It takes time and 
costs money to collect information and 
write the computer programs that process 
that information. Just as law-abiding citi¬ 
zens do not steal a car or set someone’s 
house on fire, citizens in an information 
society need to develop the same respect 
for information that does not belong to 
them. 

Protecting information People who 
make or collect information need to learn 
that they should protect it, just as they 
would lock their bikes, cars, and houses. 
The LOCK command on your computer of¬ 

fers some protection, but not much: Anyone who has your diskette can 
unlock a program and destroy it. People who design computer systems 
have not worried as much as they should about this problem. And so it 
is up to you to think carefully about the privacy and safety of any infor¬ 
mation you allow to be put on a computer system. Who else will be able 
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to see and use your information? Can someone copy it without asking? 

Can someone destroy it? 

Screen Designs with PRINT 
In Session 6, you wrote complete BASIC programs that contained only 
PRINT statements. Each of the PRINT statements told the computer to 
display words on the screen. The characters displayed by the PRINT 
statement need not be words; they can be almost any characters. In this 
session, you will learn to create your own design by using only PRINT 
statements and the characters on the keyboard of your computer. Pro¬ 

gram ROCKET is an example of this type of design. 
Plan the design A little advance planning will save you some con¬ 

fusion later on. First, you should use no more than 19 characters inside 
the quotation marks in each statement. (If you type lines in a program 
that are more than 32 characters long, they run over to the next screen 
line and make it very hard to see what the pattern is.) Next, use no 
more than 20 PRINT statements for the whole pattern. (If you use too 

many lines, the pattern will not fit on the screen.) 
Here is the kind of “form” you will use for a design program that 

follows the rules above. 

100 PRINT II 
i i A i V i 4 4 4 4 4 4 4 4 4 4 

110 PRINT It 
i i i i i i i 4 4 4 4 4 4 4 4 4 

120 PRINT II 
i i i i i A i 4 4 4 4 4 4 4 4 4 4 

130 PRINT II 
t i i i A i A 4 A A 4 4 A 4 4 4 

140 PRINT It 
i i i i i i i 4 4 4 4 4 4 4 4 A 4 

150 PRINT II 
i i i i i i 4 4 4 A 4 4 4 4 4 4 

1G0 PRINT II 
f i i V i i i A 4 4 4 4 4 4 4 4 4 

170 PRINT II 
i i A i i i 4 4 4 4 4 4 4 4 4 4 

180 PRINT tl 
i i i i i A i 4 4 4 4 4 4 4 4 4 4 

190 PRINT II 
i i i i A i 4 4 4 4 4 4 4 4 4 4 

200 PRINT II 
i i A i i i 4 4 4 4 4 4 4 4 4 4 

210 PRINT II 
i i i i i i 4 4 4 4 4 4 4 4 4 4 

220 PRINT tl 
i i V i V 4 4 4 4 4 4 4 4 4 4 4 

230 PRINT II 
A i i i A 4 4 4 4 4 4 4 4 4 4 4 

240 PRINT II 
i i i i i i 4 4 4 4 4 4 4 4 4 4 

250 PRINT II 
i i i i i 4 4 4 4 4 4 4 4 4 4 4 

280 PRINT II 
i t 4 i i i 4 4 4 4 4 4 4 4 4 4 4 

270 PRINT II 
i i i i i i 4 4 4 4 A 4 4 4 4 4 4 

280 PRINT It 
i i i i i i 4 4 4 4 4 4 4 4 4 4 4 

280 PRINT II 
i i i i i 4 4 4 4 4 4 4 4 4 4 4 

Each of the dots in the pattern can be any character 

your design. Be sure to remember the quotation marks. 

II 
i ^ 

■ I 
^ i 

n 
i ^ 

It 
i i 

It 

II 

II 
i i 

II 
i i 

II 
i i 

II 
i i 

I! 
i i 

II 
i i 

II 

II 

II 
i i 

II 
i ^ 

II 
i i 

you want in 

Sample Design 
On the next page is a sample design created with PRINT statements. 

This design uses only the +, -, /, !, and space characters. 
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100 HOME 
110 PRINT '■ + - + 
120 PRINT " / ! / ! 
130 PRINT " / 1 / ! 
140 PRINT " / ! / ! 
150 PRINT ” / ! / ! 
1G0 PRINT '■ / ! / ! 
170 PRINT " + + 1 
180 PRINT " ! ! ! ! 
190 PRINT " ! ! j ! 
200 PRINT ■' i i i 1 
210 PRINT ” i 4- _ 1 + 
'7'70 

Am* ft* PRINT “ ! / ! / ■' 
230 PRINT " ! / ! /" 
240 PRINT ” ! / ! / '■ 
250 PRINT ■■ ! / ! / '■ 
280 PRINT " ! / ! / ■' 
270 PRINT " + „ _ + " 

When the computer performs this program, you see an outline 
drawing of a box. 

When you start a design of your own, probably the easiest way is 
to use graph paper (or make your own graph paper). Draw an outline 
that has 19 small squares across and 20 down. Each square will hold 
one character. All the characters in one row will be the “message” in 
one PRINT statement. 

Create a Design 
Now it is time to plan a design of your own. Remember that you can use 
any of the characters on the keyboard (except the quotation mark) to 
create your design. In the next session, you will enter your program 
into the computer and make improvements. 

mJEBTJQMS 
1. Which commands can erase the program in the computer? 

2. Which commands can erase a file on the diskette? 

3. What do the LOCK and UNLOCK commands do? 

4. A programmer may spend a thousand hours to write a good 
computer game. If the programmer earns $15 per hour, how 
much does it cost to write the game program? If the game is 
sold on a “copy-protected” diskette for $30, do you think it is 
right for someone to “break” the protection system and make a 
copy for personal use? As a “back-up” in case the original fails? 
A few copies for friends? Many copies for sale to others? 
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Entering the ~ 
Design Program 

IN 
THIS SESSION • Enter the design program you began in Session 7. 

YOU WILL: • Save the finished program on the diskette, 

Computer Work 
Enter the pattern program you began in Session 7. If you need to, 
use line-number editing to make any changes needed to finish 
your design. 

Choose a name for the program and put the name in a REM 
statement at the beginning. When you are satisfied with the de¬ 
sign, save the program on the diskette. Use a file with the same 
name you gave to the program. 

If you have extra lab time: EXPJ.anE 
■ Make improvements to your design program. 

■ Load program ROCKET and make improvements to it. 

■ Load program BLAST OFF. Change the PRINT statements in lines 
220 through 420 so that the program tells the computer to launch 
something besides a rocket. To see these lines, type 

LIST 220 . 420 

and press the ( return ] key. (The same program can make a flower 

grow, for example. Try it.) 
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HEUJEI^ Part 1 
Vocabulary Table 
Here are the new BASIC words you studied in Part 1. The blank spaces 

are for words you will learn later. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN 
L 1ST 
NEW 

LOAD 
SAME 
DELETE 
CATALOG 
LOCK 
UNLOCK 

PRINT 
REM 

HOME 

_ 

New BASIC Words 
CATALOG A command to show the 

names of all files on the diskette. 
DELETE A command to delete a file 

from the diskette. 
HOME A statement that tells the com¬ 

puter to clear the screen. 
LIST A command to show all BASIC 

statements in the computer. 

LOAD A command that tells the com¬ 
puter to move a copy of a file from the 
diskette into the computer. 

LOCK A command you use to keep a file 
on the diskette from being erased acci¬ 
dentally. 

NEW A command that tells the computer 
to erase all BASIC statements from the 
computer, but not from the diskette. 

PRINT A statement that tells the com¬ 
puter to output letters and numbers. 

REM A statement you use to put an ex¬ 
planatory remark or comment into a 
program. The computer ignores REM 
statements. 

RUN A command that tells the computer 
to perform all BASIC statements in the 
computer. 

SAME A command that tells the com¬ 
puter to move a copy of a program from 
the computer to the diskette. 

UNLOCK A command you use to cancel 
the LOCK command so that you can 
remove or change a file on the diskette. 
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New Ideas 
BASIC A computer language invented in 

1963 by John Kemeny and Thomas 
Kurtz. The letters stand for Beginners 
All-purpose Symbolic Instruction Code. 

blank line A line number with no state¬ 
ment after it. Blank lines separate 
parts of a program and make it easier 
to read. In Applesoft BASIC, a colon 
must follow the line number of a blank 
line. 

command A single word or phrase that 
tells the computer to do something with 
a program or file. 

computer language A special set of 
words and grammar rules for writing 
instructions that a computer will fol¬ 
low. 

cursor A symbol that appears on the out¬ 
put screen when the computer is ready 
for input. 

diskette A small, flexible disk used to 
store information in magnetic form. 

disk drive A unit the computer uses to 
input information from a diskette and 
output information to it. 

fiie A collection of information. You give 
that collection a name and store it on a 
diskette, cassette tape, or other me¬ 
dium. 

immediate mode A mode of operation in 
which the computer performs state¬ 
ments as soon as you enter them. 

input The information a computer takes 
in. 

I/O An abbreviation for inputloutput, 
which is the way a computer communi¬ 
cates with the outside, 

keyboard A set of switches, like type¬ 
writer keys, you use to enter informa¬ 
tion into the computer, 

lines The elements that make up a 
BASIC program. Every line has a line 
number followed by a statement, 

iine number A number that identifies a 
line in a BASIC program, 

iine-number editing A way to make 
changes in a program by changing the 
numbered lines of that program, 

output The information a computer 
gives out. 

processing Making changes in the infor¬ 
mation in a computer, 

program A set of instructions, written in 
a computer language, that tells the com¬ 
puter how to perform a task, 

program mode A mode of operation in 
which the computer performs state¬ 
ments only after the command RUN has 
been given. 

screen A TV screen on which the com¬ 
puter displays output. 

statement A single instruction written 
in a computer language, 

syntax error A spelling, punctuation, or 
grammar mistake in a command or 
statement. 
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Part 2 

How Programs Work 

You have run programs stored on your diskette. You have written your 
own programs. You may be wondering how a computer carries out the 
steps of a program and how it “understands” words like LIST and RUN. 
In Part 2, you will begin to learn what goes on inside a computer. 

Does it matter? People drive cars without knowing how a gasoline 
engine works. People use microwave ovens without understanding 
what microwaves are. People use electric drills without understanding 
how an electric motor works. Shouldn’t the same be true of computers? 

A working knowiedge helps It always helps to understand how 
things work, especially when there are problems. If the highway is cov¬ 
ered with snow, drivers have to put chains on their tires. Only two 
chains are needed, but which wheels should they go on? People who 
know only rules may remember this old one: “Put the chains on the 
back wheels.” But the driver who knows how chains work knows that 
the purpose of the chains is to “dig in” when the engine turns the 
wheels. So the chains should go on the wheels that are connected to the 
engine. On older cars, those are the back wheels; but many newer cars 
have front-wheel drive, and the chains go on the front wheels. Drivers 
who know how things work won’t end up “spinning their wheels.” 

Solving problems Much of your time at the computer will be spent 
dealing with unusual problems: The computer will refuse to accept 
input, and you will wonder why. It will produce strange output or no 
output, and you will wonder why. Your programs will contain errors 
(“bugs”), and you will wonder how to fix (“debug”) them. To solve these 
problems, you will need to know more than rules. If you understand 
how a computer works, you won’t “spin your wheels” needlessly. 

A working model Of course, you don’t need to be an electronics 
wizard; but you do need to know what the main parts of a computer are 
and how they work together. In Part 2, you will learn these things 
through a simplified model of a computer. After you see how the model 
works, you will know a lot about how every real computer works. 

41 



^ A Mode! of Your 
Computer 

IN • Learn that a computer is what it is programmed to do. 
THIS SESSION • Learn what hardware and software are. 

YOU WILL: • Learn the parts of a modei computer, 
• Use a model of a computer to expiain how iine editing 

works. 

What Makes the Computer Run? 
Suppose you wanted to make your computer into a machine that would 

print the message 

RIGHT 
□ N ! 

whenever you typed the command RUN. You could do this by putting 
the following program into the computer: 

10 PRINT "RIGHT" 
20 PRINT "ON!" 

The computer program Computers can do only what they are told 
to do. A computer program is a list of statements that tells the com¬ 
puter what to do. Without a program, a computer can do nothing. That 
is the big difference between a computer and any other machine. A 
lawn mower can only cut grass. An elevator can only raise and lower 
weights. An electric mixer can only mix things. But a computer can do 
thousands of things. What it does depends on only two things: 

1. Its basic capabilities. Can the computer draw pictures? Can 
it make sounds? Can it turn on your house lights? Does it con¬ 
tain a clock and a calendar? 

2. The program it is running. What do the program statements 
tell the computer to do? 

Hardware and software To change the basic capabilities of a com¬ 
puter, you have to remove or add parts. These parts, usually electric 
circuits and mechanical devices, are called hardware. Software is the 
collection of programs that make a computer do a job. It takes hardware 
and software to make a computer do anything. You will not change the 
hardware in this course, but you will write software. 
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What Is a Computer (Part 2)? 
In Session 3, you learned to describe a computer by what it could do: 
Input information, process it, and output the results. But there is an¬ 
other way to describe a computer. You can list its parts and say how 
they work together. In this session, you will study a model of a real 

computer. 

Why use models? Using models is a powerful way to explain how 
things work. A model airplane helps explain how a real airplane works. 
Most science is the invention of models for things that really happen. 
When you understand how the model works, you learn a lot about the 
real thing. 

Kinds of models Some models are objects, such as a plastic model 
of a human heart. Some models are mathematical: For example, the 
law of gravity is an equation that helps explain how an apple falls to 
the ground and how the moon goes around the earth. The model you 
will use is a picture. Here is what it looks like: 

This picture may not look very helpful, but it is a starting point. To 
most people, a computer is just a mysterious “black box” that can do 
things. Your job is to add parts to this picture and make it more like the 

real thing. 
Input hardware Every computer has input hardware you use to 

put information into the computer. The keyboard and the disk drive are 
examples of input hardware. The keyboard gets information from your 

fingers. The disk drive gets information from diskettes. 
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The input slot Our model computer needs a part for input. Here 
it is: 

INPUT 

The computer’s 
keyboard is input 
hardware. The TV 
screen is output 
hardware. 
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Input hardware acts like a mail slot: Information gets dropped into 
the computer through the input slot. 

rz 
LIST RUN 

LOAD 
BOXES 

INPUT 

The figure above shows the LOAD BOXES, LIST, and RUN commands 
being dropped into the input slot. 

Output hardware Every computer has output hardware for giv¬ 
ing out information. The main piece of output hardware on your com¬ 
puter is the TV screen. The computer puts words and pictures there for 
you to read and look at. The disk drive is also an output device, as well 
as an input device. When you save a program, the disk drive puts infor¬ 
mation on a diskette. 
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The output scroll Our model computer needs a part for output. (To 
keep the model simple, we will leave out the disk drive.) Here is the 

new picture: 

INPUT 

The output screen is like a scroll of paper. The computer writes on the 
flat part of the paper. When there is no room left, the computer turns 
the scroll up a little and writes on the bottom line. The scroll only goes 
up. You can think of the computer as tearing off the extra paper that 
comes out at the top and throwing it away. 

Adding a Memory to the Model 
Your model shows how information goes into and comes out of the com¬ 
puter. Next we will see where the information goes when it is inside the 
computer. 

Memory hardware You entered line-numbered statements into 
your computer and later found you could LIST the statements and RUN 
them. The computer remembered your statements. Later still, you en¬ 
tered the NEN command and the computer forgot your statements. 
Every computer contains a memory unit. It stores all the information 
inside the computer. 

The Apple II memory The memory in your computer is inside the 
case. If you took off the lid of your Apple II, you would see a flat green 
board with about a hundred little black rectangular blocks. The main 
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memory is stored in 48 of these blocks. Inside each block, information is 
stored electrically in a tiny sliver of silicon called a chip. One memory 
chip in the Apple II holds about 200 English words, numbers, or other 

information. 
The memory chalkboard Today, computers store information in 

electric circuits. Older computers used magnets. Whatever the method, 
any computer can put information into its memory, and it can erase its 
memory. Computer memory is like a chalkboard: It can be written on 

and erased. Let’s add a memory chalkboard to our model. 

INPUT 

OUTPUT 
;3> 

10"PR I NT "RIGHT" 
20 PRINT "ON!" 
]■ 

===p> 

( i) 

MEMORY 

10 PRINT "RIGHT 
20 PRINT "ON!" 

Memory and the LIST command The picture shows the three parts 
of the computer just after the LIST command was dropped into the 
input slot. The LIST command tells the computer to read the program 
on the memory chalkboard and then to write it on the output scroll. The 

program on the chalkboard is this: 

10 PRINT "RIGHT" 
20 PRINT "ON!" 

So the computer writes these same lines on the output scroll. That is 
why the picture above looks the way it does. You should think of the 
LIST command as your “window” into the program in memory. Of 
course, you cannot “see” inside the memory in a real computer. To find 
what is there, you must enter the LIST command and look at the out¬ 

put screen. 
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Using the Model: Line-Number Editing 
You can use the model computer to understand what happens in the 
real computer when you edit a program. Here are “snapshots” of the 
output and memory as you input each new line. 

The current state Here is how the output scroll and the memory 
chalkboard look before you start editing. The presence of the cursor 
tells you that the computer is ready for you to drop something into the 
input slot. 

Inserting a new line Now, drop the line, 15 PRINT "LEFT", into 
the input slot. Here is the new state of the output and the memory. 
Notice that the statements in memory are in a different order than the 
ones on the output scroll. That is true because the computer keeps the 
program lines in numerical order in the memory. 

^ OUTPUT ^ MEMORY 

LIST 
10 PRINT "RIGHT" 
20 PRINT "ON ! " 
15 PRINT "LEFT" 
]■ 

10 PRINT "RIGHT" 
15 PRINT "LEFT" 
20 PRINT "ON!" 
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Changing a line Next, drop 20 PRINT "STOP" into the input 
slot. Here is the new state. The old line 20 is still on the output scroll, 
but only the new line 20 is in memory. 

Deleting an old line Next, drop just the number 20 into the 
input slot. Notice that line 20 has disappeared in the new state of the 

memory. 

Deleting everything Finally, drop the word NEW into the input 
slot. Now all the information in memory is erased. The output scroll has 
also turned up a line, and the LIST that used to be at the top of the 

screen is gone. 
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1. What are the two things that determine what a computer can 
do? 

2. What is software? 

3. What is hardware? 

4. What part of the model computer is the keyboard like? 

5. You have just dropped the word HOME through the input slot. 
What does the model computer do to the output scroll? 

6. What are the three parts in the model of a computer? 

7. What is the purpose of each part in the model? 

8. What will be in the memory of the computer after you enter 

these lines? 

MEN 
10 PRINT "FIRST" 
20 PRINT "SECOND" 

9. After entering the lines in question 8, you enter these lines. 

30 PRINT "FIRST" 
20 PRINT "THINGS" 

What is in memory now? 

10. After entering the lines in questions 8 and 9, you enter the 
RUN command. What is on the output screen? 

11. What will be in the memory of the computer after you enter 
these lines? 

NEW 
50 PRINT "A" 
40 PRINT "B" 
30 PRINT "C" 
40 PRINT "D" 
50 PRINT "E" 
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Designing Your Own 
Vii^ mmKL-^ 

HELLO Program 
IN • Learn what the HELLO program does. 

THIS SESSION • Improve the HELLO program. 
YOU WILL: • Moke o HELLO program. 

• Finish work on the design program started in Session 7, 

Your Own HELLO Program 
Start the computer exactly as you did in previous sessions. If 
your memory needs refreshing, turn to pages 6 and 7. 

There is a special program on your diskette. Its name is HELLO. 
Let’s look at it. 

LOAD HELLO 

RUN 

LIST 

Put it into memory. 

That should look familiar. 

Read the program. 

You have probably guessed why the HELLO program is special. Every 
time you enter PR#B to start a computer session, the computer auto¬ 
matically runs this program. The HELLO program tells the computer to 
print this message on your output screen: 

SUCCESS ! ! ! 

WELCOME TO COMPUTER LITERACY 

Many people like to make up their own HELLO program. Let’s sup¬ 
pose your name is Juanita. You might like the first line of the HELLO 

message to say this: 

JUANITA^S DISKETTE 

The first step is to edit the program now showing on your screen. Just 
retype line 130 and use your own name instead of the name 
JUANITA. 

Check for errors and fix any. 

The next step is to save the new program in the file named HELLO. Do 

that now. 

SAVE HELLO Whoops! We have a problem. 
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The HELLO file is locked so you will not erase it by accident. You 
learned about locking and unlocking in Session 7. If you want to erase 
the old version and save the new one, you must unlock the diskette 
version. You probably remember how. If not, review Session 7. 

Use the UNLOCK command and then the SAVE HELLO com¬ 
mand to put the new version on your diskette. 

The job is done. You now have a new HELLO program on your 
diskette. Let’s see what happens when you start the computer with this 
diskette. Type PR#B and press [ return ]c You should get your new mes¬ 

sage after the diskette stops spinning. 

1. What is the purpose of the HELLO program on your diskette? 

2. How do you put a different HELLO program on the diskette? 

Improving the HELLO Program 
You can make two simple improvements to your HELLO program. First, 
you can make it tell the computer to clear the screen before printing 
your message. All you need is a HOME statement at the beginning. 

Add a HOME statement before the first PRINT statement in 
your new HELLO program. Save the new version. Then test it by 
typing PR#B. 

This time your HELLO program should clear the screen first and 
then print your new greetings. But there is a problem you may not have 

noticed: 
After typing PR#B, enter the LIST command. You have just 

found a new user trap: The HELLO program stays in the memory of the 
computer after it is performed. If you now start typing a new program, 
you will actually be adding lines to the HELLO program. 

To avoid this user trap, you have to remember to type NEN every 
time you start using the computer. It would be easier if the HELLO 
program ended by erasing itself from memory. Here is how to tell the 
computer to do that: 

Use the NEW command as a statement in the HELLO program. 
Give a line number big enough to make it the last statement in the 
program. Then save the new version with the name HELLO. To 
test it, type PR#B. After the greeting message appears, enter the 
LIST command. 

Nothing should be listed. The NEW command at the end of your 
HELLO program has exactly the same effect as typing N E W on the key¬ 
board: Memory is erased. 

3. How can you make a program tell the computer to clear the screen 
before printing on it? 

4. How can you make a program tell the computer to erase the program 
from memory? 
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If you have extra lab time: 

■ Make your HELLO program more interesting. (You might want to 
start with the design you made and saved in Session 8.) Be sure to 
lock HELLO when you are satisfied with it. 

■ Experiment some more with your design program. Try a completely 
new design. 

Left: The first electronic computer had tubes and transformers inside. 
Right: Today’s computers have tiny silicon chips. 
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System Programs: LIST 
■i Ml / 

" “ and NEW 
IN • Add parts to the model of the computer. 

THIS SESSION • Learn that the computer has system software built into it, 
YOU WILL: • Learn how the LIST and NEW system programs work, 

System Software 
You have used the LIST command to tell the computer to print a list of 
all the BASIC statements in memory. Your RUN command told the com¬ 
puter to perform those statements. Your NEW command told it to erase 
them from memory. You may wonder how the computer “knows” to do 
all these things. Perhaps you think that this knowledge is somehow 
“wired into the computer’s brain.” 

Dumb computers and smart people There is no knowledge in any 
computer except what a human being put there. Your computer knows 
about LIST, RUN, and NEW because someone wrote programs telling 
the computer exactly what steps to carry out for each command. These 
programs are part of the system software that comes with your com¬ 
puter and makes it understand BASIC commands. 

All computers 
have system soft¬ 
ware. 
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ROM and RAM In the Apple II computer and many others, the 
LIST, RUN, and NEN programs are stored in read-only memory cir¬ 
cuits, also called ROM (rhymes with Tom). These programs are in the 
computer whenever you turn the power on. The BASIC programs you 
write or load from the diskette are stored in random-access memory, 
also called RAM (rhymes with Pam). Whatever you store in RAM 
erases what information was there before. When you turn the power off, 
you lose all information in RAM. 

The LIST Program 
In this session, you will use the model computer to take a close look at 
the LIST program. It is a system program that tells the computer 
how to list a BASIC program. 

The line pointer The model computer will need some new parts. 
First, we need a line pointer. It points at a line of the BASIC program 
in the memory. In the picture, the line pointer is at line 1 0, which has 
just been entered through the input slot. 

INPUT 

The current line In this session, we will see that the computer can 
move the line pointer from one line of a BASIC program to another line. 
Whatever line the pointer is at is called the current line. When the 
pointer moves, there is a new current line. You will soon see why the 

current line is important. 
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The LIST program This program is written not in BASIC, but in the 
machine language of the computer. You cannot use the LIST com¬ 
mand to list machine-language programs. They are just long lists of Is 
and Os, called binary code, and make little sense to a person. So we 
have written the main steps of the LIST program in ordinary English. 

(Later, when you know more BASIC, you will rewrite parts in BASIC.) 

The LIST Program 

1. Move the line pointer to the first line of the BASIC program in 
the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 
ing at a BASIC line. 

2a. Read the current line, and write it on the output screen. 

2b. Move the pointer to the next line of the program in the 
memory unit. 

The control unit Next, the model needs a part that decides which 
step of the LIST program to do next. This new part is called the con¬ 
trol unit. Here is a picture of the model after line 2 0 has been entered: 
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The control unit is shown as a big crank. Each turn of the crank carries 
out one step in whatever program is running and then moves the 
pointer to the next step. 

stepping through the LIST Program 
Here is a picture of the model computer with its new parts. The pro¬ 
gram in the memory unit is the same one we put there in Session 9. The 
word HOME has just been dropped through the input slot. 
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Next, we drop the LIST command through the slot. The computer 
prints LIST on the output scroll and starts running the LIST program. 
Here is what the first step says to do and what the output and memory 
units look like afterward. 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Read the current line, and write it on the output. 

2b. Move the pointer down. 

The word LIST is on the output screen. The cursor is missing, because 
the computer is not ready for input now. It is busy processing the LIST 
program. Line 10 is the current line. 

Step 2 of the LIST program says to do steps 2a and 2b until no lines 
are left. Here is step 2a and a picture of the computer afterward: 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Read the current line and write it on the output. 

2b. Move the pointer down. 

How Programs Work 



Next, the computer must do step 2b. Here is what step 2b says to do and 
what the computer looks like afterward: 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Read the current line and write it on the output. 

2b. Move the pointer down. 

OUTPUT 

LIST 
10 PRINT "RIGHT” 

MEMORY 

10 PRINT "RIGHT" 
20 PRINT "ON!" 

At this point, the computer must test whether the line pointer is point¬ 
ing at a program line. If not, the LIST program says to stop. If so, it 
says to repeat steps 2a and 2b. Since the line pointer is pointing at a 
line, the computer must repeat step 2a of the LIST program. Line 20 is 
now the current line. 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Read the current line and write it on the output. 

2b. Move the pointer down. 
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After step 2a, the computer must do step 2b of the LIST program. Here 
is the new state of the memory and output units. 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Read the current line and write it on the output. 

2b. Move the pointer down. 

The LIST program says to stop now, because the line pointer is no 
longer pointing at a line of the BASIC program. The computer turns on 
the cursor, telling you that it is waiting for input. 

The NEW Program 

You have used the N E N command to erase the program in the memory 
unit. But remember that the computer must have a program some¬ 
where to know how to do anything. You have just seen that when you 
typed LIST, you really told the computer to do the steps of the LIST 
program, which is part of the system software built into your computer. 
The NEN command also tells the computer to run a built-in program. 
Here are the steps of the NEW program: 

The NEW Program 

1. Move the line pointer to the first line of the BASIC program in 
the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 
ing at a line. 

2a. Erase the current line. 

2b. Move the pointer to the next line of the program in the 
memory unit. 

Again, it is the job of the control device to tell the computer which step 
of the NEW program to do next. 
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stepping through the NEW Program 
The N E N program is very much like the LIST program, so you should 
be able to put the NEW program through the model computer by your¬ 
self. Start with the model computer in the state shown in the picture on 
page 60, right after the LIST program ended. Then begin with step 1 of 
the NEW program, which says to put the pointer at line 10. Continue 

with step 2 of the NEW program, and so on. 

A. Why does your computer need system software? 

2. Why is RAM like a chalkboard and ROM like a page in a 

book? 

3. What does the line pointer do? 

4. What does the control unit do? 

5. How does the computer know what LIST means? 

6. What does the first step of the LIST program tell the com¬ 

puter to do? 

7. Why is the cursor not on the screen while the LIST program 

is running? 

8. When the LIST program is running, what happens when the 
line pointer moves past the last line in the memory unit? 

9. Suppose there is no program in memory. What does the LIST 
program say to do? 

10. How are the NEW and LIST programs similar in the way they 

work? 

11. How are the NEW and LIST programs different in the way 

they work? 

12. What is in the memory unit after the NEW program is run? 

13. What is on the output display after the NEW program is run? 

14. Suppose there is no program in memory. What does the 
NEW program tell the computer to do? 

15. HOME does to the screen what NEW does to the memory. The 
computer does not clear the screen all at once. There is a 
step-by-step program. Can you write an English-language 
version of the HOME program? (Hint: You will have to add an 

“output line pointer” to the model.) 
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Block Editing and 
“ Output Control 

IN • List parts of a program. 
THIS SESSION • Delete ports of o program. 

YOU WILL: • Control output speed. 
• Stop and restart output to the screen. 

More about the LIST Command 
You have already used the LIST command to display a complete pro¬ 
gram. You can also use LIST to see a part of a program. 

Follow the usual starting procedure with your diskette. 
Make sure the Applesoft prompt symbol (3) is at the left of the 
screen. 

LOAD BLAST OFF 
RUN 

LIST 

Move a copy of BLAST OFF from the disk¬ 
ette into the computer; see what it does. 
We have a problem. 

The program is too long to fit on your screen. It scrolls up the screen. 
When the scrolling stops, only the last part of the program is visible. 

HOME 
LIST 250^ 420 

HOME 
LIST BlQf im 

Now, only those lines from 250 to 420 
are listed. 

Look at a different set of lines. 

Experiment with other line numbers in the LIST command. Try 
numbers that are not in the program. Try 0 for the first number. 
Try 3999 for the last number. 

Find out whether you can list a single line of your program. 
Find what happens if the line you ask for is not there. 

See whether you can use the LIST command to list the pro¬ 
gram backwards. 

1. What would you type if you wanted to see lines 200 through 
300 in a program? 

2. Suppose a BASIC program has lines from 400 to 800 in steps 
of 10. What would happen if you typed LIST 525^ 825? 
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3. If a BASIC program has lines from 30 to G0 in steps of 5, what 
would happen if you typed LIST 15 t 42? 

4. If a BASIC program has lines from I000 to 3000 in steps 
of 100, what would happen if you typed LIST 300. 900? 

Deleting Lines from a Program 
You know how to erase a whole program from memory: Simply type 
NEN. You also know how to erase single lines from a program: Simply 
type the line number, press the { return ) key, and the line is gone. But 
suppose you want to erase a group of lines at the same time? You will 

learn how to do that in this section. 

Start with a copy of program ROCKET. 

Lines 150 through 200 are erased from 

the computer’s memory. 
You have a short rocket now. 

Experiment with other line numbers in the DEL command. If you 
delete everything, just load ROCKET again. Try 0 for the first 
number. Try 9999 for the last number. 

Find out whether you can use DEL with a single line number, 
as you can with LIST. Try DEL with no line number. 

5. What is the purpose of the DEL command? 

,1^5^ 6. How would you delete lines 400 through 550 in a BASIC program? 

g 7. How would you delete lines 400 through 550 in a BASIC program 

without using the DEL command? 

8. If there were no N E N command, how could you use the DEL command 

for the same purpose? 

Slowing the Output 
You have probably noticed that the PRINT statements in a program 
tell the computer to print very quickly on your TV screen. For example, 

look at program HI THERE: 

LOAD HI THERE 

_ ...and answer the question. 

The whole screen filled very quickly. You may not always want that 

speed. 

LOAD ROCKET 
LIST 

DEL 150» 200 
LIST 

RUN 
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LIST Look at HI THERE. 

Again, the listing happened very fast. In this section, you will see how 
to slow things down. Let’s add a new statement to your program. 

135 SPEED= 100 
LIST 

RUN 
Check the program. 

...and answer the question. 

Now the program is printing much more slowly. The SPEED= state¬ 
ment told the computer to change the output speed to 100. (Top 
speed is 255.) What do you think the speed is right now? Is it back at 
top speed, or is it still I00? Let’s find out. 

Note the speed. 

The output speed was changed to 1 0 0 by the program, and it stayed 
that way. Whenever you use a SPEED= statement in a program, you 
should set the output speed hack to its original value before the program 
ends. Here is how to do that: 

170 SPEED= 255 
LIST 

RUN 
Check the change. 

...and answer the question. 

LIST 

Now let’s see whether the program reset the output speed correctly. 

The speed should be back to normal now. 

You can also use the SPEED= statement in the immediate mode 
(without a line number). In other words, you can treat SPEED= as a 
command, such as LIST. 

Experiment with the SPEED= statement in the immediate 
mode. See what happens when you list a program at different 
speeds. 

Find out what happens when you try to break the speed limit 
(255). Is there a negative speed? 

9. How can you control the speed at which the LIST program oper¬ 
ates? 

10. How can you control the speed of the PRINT statements in a pro¬ 
gram? 

11. If a program changes the PRINT speed, what should it tell the 
computer to do before ending? 
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stopping the Output 
You have seen how to change the output speed. There may be times 
when you want to stop the output and look at it for a while before 
continuing. You will see how to do that next. 

Load a new program. 

Set the top speed. 

List TURTLE TROT. 

LOAD TURTLE TROT 

SPEED= 255 

LIST 

This is a long program, and it whizzes up your screen so fast that you 
cannot read it. You could slow the output speed, of course, but then it 
would take a very long time to go through the whole listing. 

There is another way: You can stop the output and then restart it. 
You use a “control key” to do this. To type a control key, you must hold 
down the (Ctrl) key at the left end of the keyboard. While the [Ctrl] key is 
down, you must press one of the letter keys. You will be using the (3D key 
in this section. We call this combination “control-S” and write it 

[ CTRL I $ ) 
Now, let’s use [ Ctrl I s) to stop output to the screen. Do the next 

steps very quickly. If the listing comes to an end, enter the LIST 
command again. 

Now, very quickly... 

That stops output. 

That restarts it. 

That stops it again. 

Now try pressing other keys on the keyboard. Any key restarts 
output. 

[ CTRL I c ], another control key, also stops things. It not only stops 

screen output, but also permanently stops whatever program the com¬ 
puter is running. Let’s use [ Ctrl I c ] to stop the LIST program. 

Now, very quickly... 

That stops the LIST program. Notice that 
the cursor is back this time. 
That did not restart it. 

LIST 

( CTRL I C ] 

[ CTRL I C ] 

LIST 

( CTRL s 
( CTRL 3D 
fCTRL 3D 

You stopped the LIST program before it finished listing all of T U R T L E 

TROT. [ CTRL I c) does not restart the program it stopped. 

12. What does ( ctrl 

13. What does ( Ctrl 

do? 

c] do? 
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If you have extra lab time: E«pj.aflE 
■ Find the smallest value allowed for the output speed. 

■ List program BLAST OFF and figure out what the SPEED= state¬ 

ment in line G 1 0 does. Change it and see what happens. 

■ Rockets pick up speed as they leave the launch pad. Change the pro¬ 
gram BLAST OFF so that the rocket picks up speed as it rises on the 

screen. 

Left: Once, editors wrote or typed their work. Right: Today, they use 
computers to store and change what they have written. 
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The RUN Program 
IN • Learn how the RUN program tells the computer to carry out 

THIS SESSION o BASIC program in the memory unit, 
YOU WILL: • Compare the RUN program to the LIST program. 

Review 
In Session 12, you learned how to use the LIST and DEL commands 
with parts of the program in the memory unit. You also learned how to 
control the output speed of the computer and how to start and stop the 

output. 
Selective LIST command The LIST command tells the computer 

to list on the screen the whole program in the memory unit. You can list 
parts of the program by adding a line-number range. (Example: 
LIST 200, 300 tells the computer to list all program lines in the range 
200 through 300. If there are no lines in that range, then nothing is 
printed on the output screen.) You can use the LIST command to dis¬ 
play a single line. (Example: LIST 250 tells the computer to list line 

250.) 
Selective DEL command The NEN command tells the computer to 

erase the whole program in the memory unit. You can erase parts of the 
program by using the DEL command. (Example: DEL 200, 300 
tells the computer to delete all lines in the range 200 through 300 
from the program in the memory unit.) Unlike LIST, DEL used without 
a line-number range or with just one line number will produce an 

error message. 
Controlling output speed With the SPEED= statement, you can 

control the speed at which characters are printed on the output screen. 
(Example: SPEED= 255 sets the highest output speed. SPEED= 0 sets 
the lowest.) When you turn on the computer, the speed is set to 255 
automatically. If you change the output speed, it stays that way until 

you reset it. 
Starting and stopping output You can temporarily stop the print¬ 

ing of characters on your screen by holding the [Ctrl) key down while 
pressing the ® key. (This combination is called control-S.) You can 
start output again by pressing ( Ctrl I s ] or any other key. ( Ctrl I s ] acts 
like an on/off switch. [ Ctrl I c), by contrast, stops the entire program, 
turns on the cursor, and waits for you to type a command. 

The RUN Program 
You saw in Session 11 that it took a program (called the LIST program) 
to tell the computer how to carry out the LIST command. It should be 
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no surprise that the computer also needs a program to tell it how to 
carry out the RUN command. This program, called the RUN program, is 
part of the system software built into your computer. Here, in ordinary 
English, is what the RUN program tells the computer to do. (We will 
make a small improvement to this version in Session 25.) 

The RUN Program (Initial Version) 

1. Move the line pointer to the first line of the BASIC program in 
the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 
ing at a BASIC line: 

2a. Perform the statement in the current line. 

2b. Move the pointer to the next line of the program in the 
memory unit. 

The model computer Here is a picture of the model computer. The 
program you studied in Session 11 is in the memory unit. The LIST 
command has been dropped through the input slot, and the computer 
has just finished carrying out the steps of the LIST program. The RUN 
command is about to drop in next. 
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stepping through the RUN Program 
As you enter the RUN command, it tells the computer to start perform¬ 
ing the steps of the RUN program. Here is what the first step says to do 
and a picture of the model computer after the step is done: 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Perform the statement in the current line. 

2b. Move the pointer down. 

^ OUTPUT MEMORY 

LIST 
10 PRINT "RIGHT" 
20 PRINT "ON!" 
RUN 

1^10 PRINT "RIGHT" 
20 PRINT "DN ! " 

The word RUN is on the output screen. The cursor is missing, because 
the computer is not ready for input now. It is busy processing the RUN 
program. The computer just finished putting the line pointer at line 1 0, 
so that is the current line. Next, the computer must do step 2, which 
says to do steps 2a and 2b. Here is what step 2a says to do: 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Perform the statement in the current line. 

2b. Move the pointer down. 

The computer has performed the PRINT "RIGHT" statement by print¬ 
ing RIGHT on the output scroll. 
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1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Perform the statement in the current line. 

2b. Move the pointer down. 

^ OUTPUT ^ MEMORY 

LIST 
10 PRINT "RIGHT" 
20 PRINT "ON!" 
RUN 
RIGHT 

10 PRINT "RIGHT" 
1^20 PRINT "ON!" 

At this point, the computer must again test whether the line pointer is 
pointing at a BASIC line. It is, so step 2a must be repeated. Here is the 

step and the new picture: 

1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Perform the statement in the current line. 

2b. Move the pointer down. 

Line 20 is the new current line. The BASIC statement says to print 
ON ! on the output unit, and the computer has done that. After step 2a, 
the computer must do step 2b of the RUN program: 
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1. Move the pointer to the top. 

2. Repeat 2a and 2b until no lines are left: 

2a. Perform the statement in the current line. 

2b. Move the pointer down. 

The RUN program says to stop now, since the pointer no longer points at 
a line of the BASIC program. The computer turns on the cursor, telling 
you that it is again ready for input. 

People control 
computers by writ¬ 
ing and running 
programs. 
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Comparing the LIST and RUN Programs 
The RUN program works almost the same way as the original version of 
the LIST program. The two programs are so much alike that it is worth 

comparing them. 

The RUN Program (Initial Version) 

1. Move the line pointer to the first line of the BASIC program in 

the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 
ing at a BASIC line: 

2a. Perform the statement in the current line. 

2b. Move the pointer to the next line of the program in the 

memory unit. 

The LIST Program 

1. Move the line pointer to the first line of the BASIC program in 

the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 

ing at a BASIC line: 

2a. Read the current line, and write it on the output screen. 

2b. Move the pointer to the next line of the program in the 
memory unit. 

1. 
2. 

3. 

4. 

5. 

6. 

What is a line-number range, and how do you write one? 

You cannot have a single line number after DEL. How, then, 
can you delete a single line from a program? 

What happens when there are no program lines in the line- 
number range of a LIST command? Of a DEL command? 

(CTRL I s ] and ( Ctrl I cl interrupt program output in different 
ways. How are they different? 

How should the LIST program (see above) be changed to 
make it work properly when a line-number range is given? 

Why was the cursor not on the screen while the RUN program 
was running? 
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7. When the RUN program is running, what happens when the 
line pointer moves past the last program line in the memory 
unit? 

8. Suppose there is no program in memory. What does the 
RUN program say to do? 

9. Suppose someone took the memory chips containing the 
LIST, NEW, and RUN programs from your computer. Why 
would the computer no longer carry out the LIST, NEW, and 
RUN commands? 

10. Which parts of the original LIST and RUN programs are iden¬ 
tical? 

11. What, in your own words, is the difference between the LIST 
program and the RUN program? 

13 • The RUN Program 73 



Programming 
Project 

IN • Plan a program with REM, HOME, PRINT, and SPEED = 
THIS SESSION statements. 

YOU WILL: • Enter and debug the program, 
• Use the INUERSE, FLASH, and NORMAL statements, 
• Save the program on the diskette. 

A New Project 
Plan your own program that will use all the BASIC statements 
you have learned so far: REM, HOME, PRINT, and SPEED=. Enter 
it into the computer and debug it. 

Experiment with three new statements: INVERSE, FLASH, 
and NORMAL. Try them first in the immediate mode (no line num¬ 
bers) just before running or listing your new program. Then use 
them as statements inside your program. 

Save your program on the diskette. 

1. What do INVERSE, FLASH, and NORMAL tell the computer to do? 

2. If you run a program that ends with a FLASH statement, what will 
happen when you list the program? 

If you have extra lab time: EXPLORE 
■ Load program HI THERE from your diskette. Add these two state¬ 

ments to it: 

135 FLASH 
1B5 NORMAL 

List the program and see whether you can guess what it tells the 
computer to do. Now run it and see. 

■ In the next hands-on session, you will learn about graphics. Load 
some of the graphics programs, such as SYMMETRY and BOXES, from 
the diskette. Run each one and then list it. Look for statements that 
tell the computer to plot points or draw lines. 
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The Parts of Real 
mmm 

Computers "" 
IN • Learn that all computers have the same four main parts as 

THIS SESSION the model computer. 
YOU WILL: • Learn that computers need not be electronic. 

• Learn some of the history of computers. 
• Learn that computer costs ore falling dramatically. 

Four Main Parts 
You have spent a lot of time in Sessions 9, 11, and 13 with a simple 
model of a computer. Of course, real computers do not have mail slots, 
cranks, chalkboards, or scrolls of paper. But each part in the model has 
a counterpart in any real computer. Here is a diagram showing the four 
main parts of all computers: 

Central processing unit The middle box in the drawing is the cen¬ 

tral processing unit, or CPU. It actually has two parts, but they are 
usually combined into a single piece of hardware. One part (the control 
unit, or CU) controls the way all the parts work together. The other 
part (the arithmetic and logic unit, or ALU) does the actual processing 
of data. The lines between the CPU and the other parts show how two 
kinds of information flow between the parts. 

Data paths The broad lines in the drawing show how pieces of 
information being processed (called data) flow between parts. The 
main path is from left to right. Data enters the computer through the 
input unit and goes to the CPU for processing. Processed data may go to 
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the memory unit, come back, and finally go to the output unit and leave 

the computer. 
Control paths The CPU is in charge of everything else; that is why 

the zigzag control paths in the drawing lead from the CPU to all other 
units. Like the conductor of an orchestra, the CPU beats time and keeps 
everything together. It signals the input unit when the computer is 
ready to receive data. It signals the memory unit when data is to be put 
there or taken out, and it tells what place in memory will be affected. It 

signals the output unit when data is coming. 
The program Just as the musical score tells the players in an or¬ 

chestra what to do, a program tells the computer what to do. The CPU 
reads the steps of the program and carries them out. The first com¬ 
puters ever designed or built had programs stored outside the com¬ 
puter, usually on many cards with holes punched in different locations. 
The computer would read one instruction at a time and carry it out. 
Since 1949, however, the program has been stored in the memory unit 

This is part of along with the data to be processed. The speed and power of modern 
Charies Babbage’s computers depends on this fact, 
mechanicai com¬ 
puter. 

What Computers Are Made Of 
Today all computers are electronic. They 
need electrical power to operate. The main 
parts are wires and switches. You might 
guess that all computers must be elec¬ 
tronic, but that is not true. 

A steam-powered computer In 1833 
Charles Babbage, an English mathemati¬ 
cian, designed the first programmable 
computer. Although never completed, his 
computer would have contained only brass 
wheels and other mechanical parts. Pro¬ 
grams were coded and punched into large, 
thick cards strung together like the cards 
that tell an automatic loom what pattern 
to weave. Babbage planned to use the 
power of a steam engine to turn the wheels 
of his computer, the “Analytical Engine,” 
and step it through a program. 

Air-powered computers People have 
designed and built complete computers 
based on the flow of air through thin pipes. 
The power comes from a pump that pushes 
air into the pipes and keeps it flowing. In 
many ways, a flow of air in a pipe is like 
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the flow of electricity in a wire: Both the 
air and electricity move in a circuit. The 
pump in an air circuit is like the battery in 
an electric circuit. 

Why electricity? There are two main 
reasons why practical computers today use 
electricity: speed and cost. Electric signals 
are very fast: They travel through wires at 
nearly the speed of light. Also, because 
many millions of microscopic electric cir¬ 
cuits can be made in a single operation, 
they are cheap to build. Electronic com¬ 
puters, therefore, can be very fast, very 
small, and very inexpensive. 

Smaller and Smaller 

This photo shows 
the ENIAC, the first 
electronic com¬ 
puter, in operation. 

As vacuum tubes 
were replaced by 
transistors and 
then by chips, 
computers be¬ 
came smaller and 
smaller. 

output, ENIAC turned lights on and off in 
a coded fashion. 

Software ENIAC’s tiny memory could 
store nothing but data. To create a pro¬ 
gram, someone had to connect many hun¬ 
dreds of wires from one electric plug to 
another. Creating a simple program took 
many weeks. Every new program meant 
rewiring the panel. But without those pro¬ 
gram wires, ENIAC could do nothing. 
With each rewiring, it could do a different 
task. That ability to be programmed is 
what made ENIAC a true computer. 

As people learn how to put more and more electric circuits into less and 
less space, computers get smaller and smaller. 

ENIAC The first electronic computer was the ENIAC (Electronic 
Numerical Integrator and Automatic Computer), built in 1946 at the 
University of Pennsylvania. It filled a room the size of a two-bedroom 
house. The electrical power it used would supply about 150 homes 
today. Almost all the power went into heating the 80,000 vacuum tubes 
used in the electronic circuits. 

ENIAC hardware ENIAC’s memory could hold 20 10-digit num¬ 
bers. One rack of vacuum tubes, about the size of your disk drive, could 
store one digit of a number. The CPU could do about 300 multiplica¬ 
tions in a second. The input unit was a set of electric switches. For 
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Improved hardware ENIAC proved that an electronic computer 
could work. During the next 15 years, input, processor, memory, and 
output hardware changed rapidly and dramatically. By 1960, the tiny, 
low-power transistor replaced the vacuum tube, and the CPU and mem¬ 
ory suddenly became smaller, faster, cooler, more reliable, and much 
cheaper to build. Keyboards began to be used for input, TV screens for 
output, and magnetic disks for storing programs and data outside the 

computer. 

A microprocessor 
chip is tiny but 
powerful. 

Improved software The panel of pro¬ 
gramming wires quickly disappeared after 
the first ENIAC machine. Programs began 
to be punched into cards and entered into 
the computer through an input device 
called a card reader. The first programs 
were nothing but lists of Is and Os, a 
binary code that the machine understood. 
The biggest step forward was the writing 
of programs called language processors. 
They told the computer how to translate 
from a programming language, easy for 
people to learn, into the binary language of 
the machine. During this period FOR¬ 
TRAN, BASIC, COBOL, and many other 
programming languages were invented. 

Computers on chips By 1970, people 
had learned how to put thousands of transistors on one silicon chip 
smaller than your fingernail. A memory unit holding several hundred 
pieces of data could be put in a package smaller than a postage stamp. 
An entire CPU could be put on two or three chips. These microproces¬ 
sors were tiny, cheap, and very reliable. The first microcomputer 
appeared in 1976. Nearly all the electric circuits in that microcomputer 

were on chips. 

Cheaper and Cheaper 
New products are always more expensive at first. Then, as people learn 
better ways to build them, the price drops. The first television sets 
(poor-quality, black-and-white models with small screens) cost the 
equivalent of about $2000 today. Within 10 years, a much-improved TV 
set cost just over $100, and the price has not changed much since then. 
That may seem like a big change, but it is tiny compared to the change 
in computer prices. If TV prices were like computer prices, the $2000 
TV set of 1950 would have cost $56 in 1960, $1.60 in 1970, and 5 cents 
in 1980. 
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Price revolution In all recorded history, no new invention has be¬ 
come so cheap so fast. For more than 20 years, the price of computers 
has fallen about 50 percent every two years. Experts believe that this 
trend will continue for at least 10 years. The table shows what this 
change means to buyers. The table shows what you could have bought 
for the money you would have had to spend on a computer with the 
same capabilities as the one you’re using now. 

Year Value of a Computer 

1960 Rembrandt masterpiece 

1965 50-foot yacht 
1970 Three-bedroom house 

1975 Family car 
1980 Motorcycle 
1985 Color TV set 
1990 Telephone 

Personal computers In less than half a lifetime, the computer will 
have changed from a luxury to a common household appliance. And the 
quality is better: Today’s personal computer can store in memory 1000 
times what ENIAC could store, can process data 100 times faster, is far 
easier to program, and uses less power than a light bulb. 

QUESTJQI^S 
% 

1. What are the names of the four main parts of any computer? 

2. What are two purposes of the CPU in a computer? ^ 

3. Computers need not be electronic. What other kinds of parts S 
can a computer be built from? 

4. Who designed the first programmable computer, and when? 

5. Why is the ENIAC computer important? 

6. How big was the memory of ENIAC? 

7. What is a language processor, and why is it important? 

8. What is a microprocessor, and why is it an improvement over 
older CPUs? 

9. A large business computer costs $40,000 today. If the experts 
are right, how much will a similar computer cost two years 
from now? Four years from now? 

10. Soon, anyone who can afford a TV set will be able to afford a 
computer. Does that mean that they will buy a computer? 
Explain your answer. 
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HEUJEI^ Part 2 _ 
Vocabulary Table 
The BASIC words you have studied so far are shown in the table. The 

words printed in color were introduced in Part 2. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN LOAD SPEED= 
LIST SAVE FLASH 
NEN DELETE PRINT INVERSE 
DEL CATALOG 

LOCK 
REM NORMAL 

UNLOCK 

HOME 

_ 

New BASIC Words 
DEL An Applesoft BASIC command that 

tells the computer to erase lines from 
the program in memory. 

FLASH An Applesoft BASIC statement 
that tells the computer to make charac¬ 
ters blink on and off when output to the 
screen. 

INVERSE An Applesoft BASIC state¬ 
ment that tells the computer to make 
characters appear black against a 

New Ideas 
ALU See arithmetic and logic unit. 
arithmetic and logic unit (ALU) A hard¬ 

ware device that performs all the com¬ 
puter’s elementary operations, such as 
adding and comparing data. 

central processing unit (CPU) A hard- 

white background when output to the 
screen. 

NORMAL An Applesoft BASIC statement 
that tells the computer to cancel 
INVERSE and FLASH. 

SPEED= An Applesoft BASIC statement 
that tells the computer what speed to 
use for printing characters on the 
screen. The fastest speed is 255 and the 
slowest is 0. 

ware device that combines arithmetic, 
logic, and control devices, 

chip A small piece of silicon that con¬ 
tains thousands of electric circuits. Mod¬ 
ern computers are constructed from 
such chips. 
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control characters Special characters 
generated by holding the [Ctrl] key 
down while pressing another key. See 
[ CTRL I s ] and ( Ctrl I c). 

control unit (CU) The part of the central 
processing unit that steps the computer 
through a program, one instruction at a 

time. 
CU See control unit. 
CPU See central processing unit. 
[ CTRL I c) In Applesoft BASIC, a control 

character that stops a running pro¬ 
gram. 

[ CTRL I s ] In Applesoft BASIC, a control 
character that stops and restarts out¬ 
put to the screen. 

current line The program line that is to 

be performed or listed next. 
ENIAC The first completely electronic 

computer, built in 1946. 
hardware The electric circuits and me¬ 

chanical devices in a computer. 
HELLO program A special program on the 

Apple diskette. When you turn on the 
computer or type P R # G, the HELLO pro¬ 
gram is loaded into memory and per¬ 

formed. 
input hardware Hardware used to put 

information into the computer, 
input slot The input hardware of the 

model computer. 
line pointer A part of the model com¬ 

puter. It corresponds to information in 
the memory of the real computer that 
tells which program line is to be per¬ 
formed or listed next. 

LIST program A built-in program that 

tells the computer to print the lines of 
the BASIC program in memory on the 
screen. 

model computer A model that helps peo¬ 
ple understand how a real computer 

works. 
memory hardware The part of a com¬ 

puter in which the processor can rap¬ 
idly store and recall data and program 
instructions. 

memory chalkboard Part of the model 

computer. It corresponds to the mem¬ 
ory hardware in a real computer. 

NEW program A built-in program that 

tells the computer to erase the BASIC 
program from memory. 

output hardware Any hardware on 

which the computer displays informa¬ 
tion. The TV screen is an example of 

output hardware. 
output scroll Part of the model computer. 

It corresponds to the output hardware 

in a real computer. 
RAM See random-access memory. 
random-access memory Memory hard¬ 

ware that temporarily stores the pro¬ 
grams and data that you enter into the 
computer. 

read-only memory Memory hardware 
that permanently stores built-in pro¬ 

grams and data. 
ROM See read-only memory. 
RUN program A built-in program that 

tells the computer to perform the 
BASIC program in memory. 

software The collection of programs that 
the computer uses to perform a task. 
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Computer Graphics 

Computer graphics is very popular today. The main output of electronic 
games, which are actually computers, is graphics. Scientists use com¬ 
puter graphics to plot graphs of data. Artists use the computer to exper¬ 
iment with graphic designs. Textile designers use color graphic displays 
to try patterns for fabrics without having to weave each one. Architects 
and city planners use computer graphics to experiment with building 
plans and to draw maps. 

Graphics Graphics is the arranging of shapes, colors, and symbols 
on a flat surface. (Graphics is usually a singular word, by the way, like 
mathematics and economics.) Graphics is used to design posters, adver¬ 
tising layouts, signs, maps, wall charts, package labels, book and record 
jackets, and countless other things you see every day. 

Mechanics of graphics Creating a graphic design means deciding 
which symbols, colors, and shapes to use and deciding how to arrange 
them on the page, poster, or chart. Often the designer starts by making 
pencil sketches. Later, the designer may make paper cutouts of parts of 
the design and then try different arrangements on the page. The de¬ 
signer also may experiment with parts of different colors or sizes. 

Computer graphics You can carry out every step of graphic design 
on a computer. The TV screen is your drawing board. You can choose 
points, lines, geometric shapes, letters, and numbers. You can experi¬ 
ment with different arrangements, different colors, and different sizes. 
Computer graphics, then, is graphic design done on a computer, 

Apple graphics In Part 3 of this course, you will learn how to tell 
the Apple II computer to draw shapes and colors on your TV screen. You 
will learn five new statements. In the hands-on sessions, you will create 
your own graphic designs. 
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Introduction to 
“ Graphics 

IN • Use both the text mode and the graphics display mode. 
THIS SESSION • Select the color you will use in the computer drawing. 

YOU WILL: • Use the PLOT statement to draw points on the screen. 
• Use the ULIN and HLIN statements to draw iines on the 

screen. 

Drawing on the Screen 
In this session, you will use new statements to tell your computer to 
draw in color on the screen. (If there is no color display for your com¬ 
puter, the colors show up as different textures and shades of gray.) 

CAUTION: The new statements in this session are part of 
Appiesoft BASIC, but they are not part of Standard 
BASIC. Most other computers also have graphics state¬ 
ments, but they are different from the ones you will use 
here. 

Plotting Points 
Follow the usual starting procedure with your diskette. 

Let’s start with a few small experiments. See what happens when 

you type the following phrases: 

NEU 
HOME 

GR 
That should be familiar. 

This is something new. 

Note what is on the screen and where the cursor is now. GR lets you 
enter graphics mode, which means you are ready to draw. Now let’s 

draw something. 

PLOT 20# 20 
PLOT 0# 0 

COLOR= 2 
PLOT 20# 20 

Nothing seems to be happening, except 
that PLOT 20^ 20 disappeared. 

Now you should have a small blue spot of 
light in the middle of your screen. 
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PLOT 0 
Now there is another spot at the upper left. 

COLOR= 0 
PLOT 20# 20 

PLOT 0# 0 

COLOR= 15 
PLOT 0# 0 

The first spot disappeared. What did 
C0L0R= 0 do? 

Now the other spot is gone. 

The spot is back again, but now it is white. 

The PLOT statement tells the computer to draw a spot. The C □ L □ R = 
statement lets you pick a color for that spot. (COLOR = 0 is black.) You 
should think ofCOLOR= as a single word. You have used a statement 
like this before—the SPEED= statement you learned in Session 12. 

1. What does the GR statement tell the computer to do? 

2. What is the purpose of the COLOR = statement? 

B 3. What does the PLOT statement tell the computer to do? 

Exploring the Screen 
Now, let’s see how the numbers in the PLOT statement work. 

PLOT 1 # 0 
PLOT 2 # 0 
PLOT 3 # 0 
PLOT 10 # 0 
PLOT 20 # 0 
PLOT 30 # 0 

COLOR= 4 
PLOT 22 # 0 
PLOT 22 # 1 
PLOT 22 # 2 
PLOT 22 # 20 
PLOT 22 # 30 

The six new points are all in a horizontal 
row. 

Changing the second number moves the 
spot down the screen. 

Find the numbers that mark the boundaries of the left and right 
edges of the graphics screen. Now find the top and the bottom 
boundaries. What happens when you try to plot a point that is not 
inside the boundaries? 

What happens when you type HOME? Now type GR again. 
What is the color after you type GR? 

Type PLOT 30 # 20 but do not press ( return ] yet. Put your 
finger on the screen where you think the computer will draw the 
spot. Then press [ return ] and find out if you were right. 
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4. What does the first number in the PLOT statement tell the com¬ 

puter? 

5. What does the second number in the PLOT statement tell the com¬ 

puter? 

6. What statement tells the computer to plot a point at the upper left 
corner of the screen? At the lower right corner? 

7. How do you tell the computer to erase the graphics screen? The text 

screen? 

TEXT 

HOME 

The Text and Graphics Screens 
When you type OR, the computer erases the top part of the screen, 
where the PLOT statements draw spots of light. After that, the HOME 
command erases only the bottom four lines, where your statements ap¬ 
pear when you type them. Let’s see how we can return the screen to the 

way it was before you typed GR. 

That was a big change. You should see 
many a) symbols. 

HOME told the computer to erase the whole 
screen this time. 

The computer is back in its normal display mode. 
The GR statement tells the computer to put the screen in the 

graphics display mode. In that mode, the PLOT statement turns on 
spots of light in the upper part of the screen. The TEXT statement re¬ 
turns the screen back to the normal, or text display mode. 

8. If you see text on the main portion of the screen, how do you switch 

to the graphics display mode? 

9. If you see graphics on the screen, how do you switch to the text 

display mode? 

Drawing Lines 
You have learned how to plot points on the screen while it is in the 
graphics mode. You could draw lines by using many PLOT statements. 
However, there is an easier way. 

Set graphics display mode. Set the color number to 12. Then 
do these experiments with two new statements. 
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HLIN 0, 3S AT 0 

HLIN 0 f 39 AT 39 

HLIN 10 f 30 AT 20 

MLIN 0 » 39 AT 0 

MLIN 0 f 39 AT 39 

MLIN 10 » 30 AT 20 

Draw a horizontal line across the top of the 
screen. 

Draw one across the bottom. 

Draw a shorter horizontal line across the 
center of the screen. 
Draw a vertical line down the left of the 
screen. 

Draw one down the right. 

Draw a shorter vertical line down the cen¬ 
ter of the screen. 

10. How would you draw a horizontal line from column 15 to column 22 
at row 17? 

11. What will ML IN 2 t 8 AT 14 do? 

If you have extra lab time: EXPLORE 
■Use the COLOR = statement followed by different numbers and see 

what happens. 

■ Set text (normal) mode. Find out what the PLOT, HLIN, and ML IN 
statements do in text mode. 

■ See if HLIN and ML IN can draw lines “backwards”; that is, from a 
greater column or row number to a lesser one. 

■ Load TURTLE TROT into your computer. List lines 2800 through 
2888. Find out what they tell the computer to do. 

■ Load and run BOXES, SYMMETRY, and OU I LT. They are good exam¬ 
ples of graphics programs. 
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How Graphics Works 
S I 

IN • Recognize that computer graphics requires special hardware 
THIS SESSION and software. 

YOU WILL; • Learn how to locate points on a surface, 
• Learn the Applesoft BASIC coordinate system for graphics. 
• Review Applesoft BASIC graphics statements. 
• Create a design and write a program to draw it. 

Graphics Hardware and Software 

The TV screen is 
the most common 
graphics output 
hardware. 

Computer graphics is graphic design done on a computer. Like any 
other computer task, computer graphics requires input, processing, and 
output. There is nothing special about the computer processor used for 
graphics. But special graphics software is necessary, and special graph¬ 
ics input or output hardware may be needed. 

Graphics output hardware Most com¬ 
puter graphics output appears on a TV 
screen under computer control. There are 
other graphics output units, however. 
One of these is the X-Y plotter. It has one 
or more pens, and the computer can tell 
the plotter to raise or lower a pen and to 
move the pen from one place to another. 
When the pen is down, it touches and 
draws on a sheet of paper. Another output 
unit is a film recorder. The computer 
draws the picture on a tube similar to a TV 
screen, and a camera takes a photograph of 
the screen. 

Graphics input hardware A graph¬ 
ics input unit allows a designer to enter 
shapes directly into a computer. A graph¬ 
ics tablet is an example of this kind of 
input hardware. The user draws with an 
electronic pen, and the tablet tells the com¬ 
puter which points the pen passes over. 

Graphics statements Computer graph¬ 
ics, like all computer work, requires both 
hardware and software. In graphics work, 
the software tells the computer how to 

choose a point on the screen or page and draw something there. Nearly 
all small computers have such graphics statements in their versions 
of BASIC. 
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Locating Points 
A person who wants the computer to draw a picture must have a way to 
tell the computer where on the screen to place each point or line. Let’s 
see how to do this. 

Points on a line We’ll start with something simple. How do you tell 
someone where your house is? If you live in a city, you probably tell how 
to find your street. Then you give your house number. If you think of 
the street as one long line, the house numbers tell the location of all 
houses on the line. In the same way, the numbers on the mileposts on 
interstate highways tell the location of points along the highway. 
Streets and highways are like the number lines you studied in math 
classes. By giving a single number, you can locate any point on the line. 

Points on a surface To tell a computer to draw something, you 
have to be able to locate points on a surface, not a line. How do you do 
that? You cannot locate a point on a surface with 
just one number. However, there are many different 
ways to locate points on a surface with two numbers. 

Latitude and longitude If you want to say 
where Chicago is located, you can give its latitude 
(42 degrees north of the equator) and its longitude 
(88 degrees west of Greenwich, England). There is 
only one place on the earth with those latitude and 

longitude numbers. 
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Direction and distance If you were a pilot fly¬ 

ing from St. Louis to Chicago, you would locate Chi¬ 
cago in a different way. You would say that your 
plane must head in a direction 30 degrees east of the 
north direction and the plane must travel 260 miles. 
Starting from St. Louis, you would arrive at only one 
place on the earth if you traveled that number of 
miles and went in that direction. 

East/west and north/south If you were standing 
in the middle of Chicago and someone asked you to 
give directions for getting to the post office, you 
might say, “Go 4 blocks east and 3 blocks north.” 

From your starting point, those two numbers tell the location of only 

one place in the city. 

t 5 A CHICAGO 

N 

' 

! /4 
A ! / o 1 / 1 / ^ 

. ST LOUIS 

Two numbers needed There are many other ways to locate points 
on a surface. No matter how you do it, though, you will discover that it 
always takes two numbers. That is why we say that a surface has two 
dimensions. A line has only one dimension, since you need only one 
number to locate a point on a line. 

Applesoft BASIC Coordinates 
You have to tell the computer how to locate points on the two-dimen¬ 
sional TV screen. In your computer work in Session 16, you found out 
how to use Applesoft BASIC statements to do that job. 

Horizontal and vertical coordinates The picture on a TV screen is 
made up of a large number of horizontal lines. The computer locates a 
point on one of those lines by telling the horizontal distance along the 
line and the vertical distance to the line. Nearly all computer graphics 

hardware and software use this method. These distances are called 
Cartesian coordinates. The horizontal coordinate is called the 
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abscissa or the X coordinate. The vertical coordinate is called the 
ordinate or the Y coordinate. 

The origin The two coordinates tell the distance from a point called 
the origin. In Applesoft BASIC, the top left corner of the screen is the 
origin. In other words, the X coordinate of a point tells how far the point 
is from the left edge of the screen. The Y coordinate tells how far the 
point is from the top of the screen. (This is different from the origin 
usually used in drawing graphs. That origin is usually at the bottom 
left.) 

The size of the screen You found in Session 16 that there are 40 
different horizontal locations across the screen and 40 different vertical 
locations. These locations are numbered from 0 to 39. In addition, there 
is a text area at the bottom of the screen. The drawing shows a picture 
of the screen coordinate system and the X and Y coordinates of a point. 

Applesoft BASIC Graphics Statements 
We turn now to the statements you used in Session 16 to tell the com¬ 
puter to put dots and lines on the screen. 

The GR and TEXT statements You used the GR statement to tell the 
computer to set graphics mode and make it possible for the other graph¬ 
ics statements to work correctly. To get back to text mode, you used the 

17 • How Graphics Works 



TEXT statement. GR tells the computer to clear the graphics screen, but 
TEXT does not clear the text screen. GR also tells the computer to set 

the color to zero (black). 
The PLOT statement You used the PLOT statement to tell the com¬ 

puter to draw rectangular dots on the screen. The first number in the 
statement is the X coordinate and the second number is the Y coordi¬ 

nate. 
The COLOR = statement You used the C 0 L 0 R = statement to tell 

the computer what colors to use on the screen. Different numbers after 
the COLOR = statement produce different colors. If you have a black- 
and-white TV set, instead of colors you see different shades of gray, 
with or without stripes. The table tells what each color number means. 

COLOR= color TV black-and-white TV 

0 black black 
1 magenta dark stripe 

Cm dark blue dark stripe 
3 lavender light stripe 
4 dark green dark stripe 
5 gray gray 
G medium blue light stripe 
7 light blue light stripe 
8 brown dark stripe 
9 orange light stripe 

10 gray gray 
1 1 pink light stripe 
12 green light stripe 
13 yellow light stripe 
14 aqua light stripe 
15 white white 

A graphics program In Session 16, you saw how to combine the 
PLOT and COLOR = statements to draw colored dots on the screen. Here 
is a program containing these statements: 

10 REM--PROGRAM COLOR DOTS 
20 COLOR= 1 
30 PLOT 30 ^ 10 
40 C0L0R= 13 
50 PLOT 15^ 20 
G0 COLOR= 15 
70 PLOT 5 t 30 

It tells the computer to put a magenta (bluish red) dot, a yellow dot, and 
a white dot on the screen, as shown in the drawing on the next page. 

92 Computer Graphics 



5 10 15 20 25 30 35 39 
4-1-1-1-1-1-h 

0 1 

10 ■ ■ 
magenta 

20 • ■ 
yellow 

30 • 
white 

39 . 

(text area) 
■ iifc 

1-1-1--—1-1-P--1-1-—1 

The HLIN and VLIN statements You learned you could use the H LIN 
and OLIN statements to draw horizontal lines and vertical lines. The 
lines are made up of a series of rectangles like the ones produced by the 
PLOT statement. The first two numbers of each statement tell the ends 
of the line, and the third number tells the computer where to put the 
line. For example, the program 

10 REM--PROGRAM COLOR LINES 
20 C0L0R= 11 
30 HLIN 5 ^ 30 AT 20 
40 COLORS 2 
50 OLIN 10 ^ 30 AT 15 

tells the computer to draw what you see on the next page. 
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Designing Your Own Picture 
You now have all the tools necessary to draw pictures on your Apple 
computer. Spend the rest of your time in this session creating a design 
of your own. It is a good idea to begin your design on a sheet of graph 
paper or a special printed form. Number the columns from 0 to 39 
across the top and down one side. If you are using graph paper, use two 
squares side by side to stand for one of the rectangular dots on the Apple 
screen. Sketch the drawing in light pencil. If you have crayons or col¬ 
ored pens, fill in the boxes with the colors you need for your design. 

After you finish the design, write on paper an Applesoft BASIC 
program that will tell the computer how to draw your design and color 
it. Save your work so that you can enter the program into the 
computer in Session 18. 

QUESTJQf^S 
1. What is computer graphics? 

2. Name two graphics output units. 

S 3. In addition to graphics hardware, what does a computer need to 
draw graphics? 
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4. Name two different ways of locating a place on a map. 

5. Why do we say that a line is one-dimensional and a surface is 
two-dimensional? 

6. How many numbers are necessary to locate a point on your TV 
screen? 

7. What are the X and Y coordinates of the four corners of the 
screen? 

8. Where, in words, is the point with X coordinate equal to 39 and Y 
coordinate equal to 20? 

9. What do the G R and TEXT statements tell the computer to do? 

10. What do the two numbers in a PLOT statement tell the com¬ 
puter? 

11. What does the third number in a M LIN statement tell the com¬ 
puter? 
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Graphics 
Project—1 

IN • Improve the HELLO program. 
THIS SESSION • Work on your graphics design program 

YOU WILL: 

A Change to the HELLO Program 
Your main purpose in this session and Session 20 is to enter your graph¬ 
ics design program into the computer and get it to work properly. Be¬ 
fore doing that, though, make a simple improvement to your HELLO 
program. 

You would like the HELLO program to clear the whole screen as 
soon as you start the computer with your diskette. But if the last person 
to use the computer left the screen in graphics mode, your present 
HELLO program would clear only the bottom four lines. 

Start the computer in the usual way with your diskette. Then 
do these experiments. 

GR 

COLOR= 14 
ULIN 0# 39 AT 20 

PR#6 

This sets graphics mode and clears the top 
of the screen. 

This draws an aqua line down the middle 
of the graphics screen. 
Now, start the computer again. 

You should have seen your HELLO program output quickly scrolling by 
on the bottom four lines of the screen. To make the program do what 
you want, you must make it start by setting text mode. Here is how: 

LOAD HELLO 
LIST 

5 TEXT 

UNLOCK HELLO 
SAVE HELLO 
LOCK HELLO 

Load the program into the computer and 
look at it. 
This should put a TEXT statement before 
the HOME statement. 

Put the new version on diskette. 
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Next, see whether HELLO works correctly now. To check it, first set 
graphics mode and then do the start-up process. Here goes: 

GR 

PR#B 
Set graphics mode. 

Start the computer with your diskette. 

This time, the computer should have set text mode and then cleared the 
entire screen before performing the rest of the HELLO program. It is a 
good idea to start every program with a TEXT statement, followed by a 
HOME statement, so that the screen will be in text mode and will be blank. 

1. Why do you need both a TEXT statement and then a HOME 
statement to clear the screen? 

2. Suppose that your HELLO program used only the graphics 
screen. How should the program begin in order to set graphics 
mode and clear the entire screen? 

Entering Your Graphics Program 
Spend the rest of your time on this session entering the program you 
wrote at the end of Session 17. Run the program and make any changes 

necessary. Before leaving, save your program on diskette with the 
name DESIGN^ You will have more time to work on the program dur¬ 
ing Session 20. 

As usual, turn off the TV display before leaving. 
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Computers for Art 
and Entertainment 

IN • Learn how computer graphics and sound are used for art 
THIS SESSION and entertainment, 

YOU WILL: • Learn that programmers need both creativity and 
programming skilis to make computer art and computer 
entertainments. 

Graphics and Sound for Pleasure 
In the last three sessions, you learned how to tell the computer to draw 
points and lines in color on the TV screen. The Apple II computer does 
not have special BASIC statements for sound output, hut other personal 
computers do. Graphics and sound have practical applications, but they 
also have entertainment value. 

Eye and ear pleasure Many of the things we do for pleasure or 
amusement involve looking and listening. We go to movies, look at 
pictures and paintings, and listen to music. Since computers can be told 
to draw pictures and make sounds, many artists, musicians, and enter¬ 
tainers are beginning to use the computer as a new creative tool. 

Skills needed The computer does not 
make works of art or music by itself, any 
more than it plays chess by itself. A person 
must tell it what pictures to draw and 
what sounds to make. To put a computer to 
an artistic use, a person needs both artistic 
creativity and programming skill. All the 
graphic and musical ideas come from a 
person, who must then express the ideas in 
a form the computer can understand. 

Many details You are beginning to 
discover how much detailed work goes into 
the program for even a very simple pic¬ 
ture. The PLOT, HLIN, and OLIN state¬ 
ments force you to think carefully about 
your picture. In Part 4, however, you will 
learn how to hide these details in packages 
of statements that, for example, have the 
computer draw a border around the screen 
or fill in a whole rectangle in a solid color. 

Video games use 
computer-con¬ 
trolled graphics 
and sound. 
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For complex graphics work, such as the 
examples in this session, you would want 
many such packages. 

Video Games 
The most popular creative use of computer 
graphics and sound is in video games. The 
games are controlled by microcomputers. 

The game designer The people who 
create a game must tell the computer 
everything about it: the rules of the game, the inputs to expect from the 
player, all the pictures to draw, and all the sounds to make. They write 
this information into a program, and the program is then stored perma¬ 
nently in a read-only-memory (ROM) chip in the game computer. 

Graphics resolution Most video games draw pictures with finer 
detail than you can with the PLOT statement. Pictures with more detail 
have higher resolution. The PLOT statement works at a low resolu¬ 
tion, equal to 40 different positions across and 40 down the screen. Most 
video games have a resolution of about 250 by 250 different positions. 
There is a higher-resolution graphics mode on the Apple II. If you be¬ 
come interested in graphics, you should read the Applesoft manuals for 
more information. 

Electronic score- 
boards use low- 
resolution com¬ 
puter graphics. 

For more than 25 years, artists have used computer programs and 
graphics output devices to draw pictures or experiment with designs. 

High-resolution plotters Some artists use computers with plotters 
that write with very fine pens on large sheets or rolls of paper. Some 
plotters can draw points and lines in more than 10,000 by 10,000 posi¬ 
tions. They also can use many different sizes of pen and colors of ink. 

Repetitive designs As you will soon 
learn, one of the easiest things to tell a 
computer to do is to repeat what it just did, 
possibly with small variations. For this 
reason, much computer art has repetitive 
designs. It is far easier to tell the computer 
to draw a straight line, rotate it a little, 
draw it again, etc., than it is to tell the 
computer to draw a human face. 

Video art Artists have become inter¬ 
ested in using color TV to create pictures. 

This repetitive de¬ 
sign was drawn by 
a computer on a 
high-resolution 
plotter. 
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Resolution is still limited to about 700 by 700 positions, but TV allows 
artists to “draw” solid areas of color on a screen. And animation and 

sound are possible with TV. 

Making Movies by Computer 
By putting a movie camera in front of a television screen, an artist can 
make a motion picture of computer graphics. The computer draws each 
frame of the movie, and the camera takes a picture and then moves the 
film forward, ready to take the next frame. 

Science fiction fiims The next time you go to a science fiction film, 
read the credits. Often the special effects were created by computer 
graphics. It is easier and cheaper to create some pictures with computer 
programs than to build expensive sets and props. 

Camera controi Computers are used in movies in another way. 
Filmmakers often build very small model sets. A whole city block can 
be put on a tabletop. In the past, people used to photograph the city by 
moving a camera carefully over the model. Today, the camera can be 
mounted on a mechanical arm controlled by a computer. Then a com¬ 
puter program tells the arm how to move and turn, for example, the 
way a helicopter would. 

Movie robots Recently, filmmakers have built small models of 
prehistoric animals. They cover mechanical arms and legs with a skin 
that looks like the animal. A computer controls the motion of the ani¬ 
mal, and a computer-controlled camera records the picture. 

Computers in the Theater 
Computers are used in modern theaters. No, the computers do not move 
actors on the stage, but they do other things. 

Lighting control A big part of any play is lighting. You may think 
that the lights just come on when the curtain rises and go off when it 
comes down. Actually, lights are coming on, getting brighter, getting 
dimmer, and going off throughout the play. Sometimes a lighting effect 
will occur suddenly and sometimes slowly, but at each performance the 
effects must be the same. 

Programmed lighting An easy way to control lighting is to store 
the instructions for each lighting change in the memory of a computer. 
Then the operator has the computer change the lights when the actors 

get to the right place in the play. The computer remembers what it is 
supposed to do. 

Computer Music 
In many ways, a sheet of music is like a computer program: It tells the 
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players what to do and when to do it. Musi¬ 
cians discovered the computer long ago. 

Computer sounds In the early days of 
computers, someone brought an AM radio 
into the computer room. The speaker sud¬ 
denly started to make sounds at different 
pitches. The radio was picking up the elec¬ 
trical noises from the computer. It did not 
take long for someone to write programs to 
control those noises and make music out of 
them. 

Modern music systems Today there 
are computer-based music systems. A 
piano-style keyboard is the input device. 
Computer memory stores the notes and the 
time intervals between notes. The proces¬ 
sor can modify the notes, add harmonics, 
change the rhythm, change the speed, and 
do many other things, always under pro¬ 
gram control. The output goes to a tape 
recorder or a stereo system. 

Computers and Creativity 
As you learn more about computers, keep in mind that they can be used 
for many different things. We must decide how to make them do the 
things we want them to do. 

Computer graph¬ 
ics helps design¬ 
ers visualize and 
change their work. 

PJESTJQI^IS 
1. Is computer art human art or is it machine made? Explain 

your answer. 

2. To use a computer to create art, a person needs programming 
skill. What else does that person need? 

3. What does a video-game designer have to tell the computer? 

4. A computer system claims to have 100 by 100 graphics resolu¬ 
tion. What does that mean? 

5. What kind of graphic designs are easiest for the computer? 

6. How are computers used in making movies? 

7. How can computers be used in the theater? 

8. What input and output devices are used to make computer 
music? 
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 Graphics 
Project—2 

IN • Finish work on the graphics design program. 
THIS SESSION • Expiore the SUBPICTURES program. 

YOU WILL: 

More Work on DESIGN 
At the end of Session 18, you saved your graphics design program in a 

file named DESIGN. Start the computer as usual with your 
diskette. Then check the catalog to make certain that DESIGN is 
there. If so, load it into the computer. 

Spend about 20 minutes making changes and improvements to 
DESIGN, but leave 20 minutes at the end of this session to explore a 
new program, SUBPICTURES. 

Before starting SUBPICTURES, be sure to save your finished 
graphics program under the name DESIGN. 

Exploring the SUBPICTURES Program 
Your diskette has a graphics program in a file named SUBPICTURES. 
Nearly all the statements in SUBPICTURES should be familiar to you 

now. Load program SUBPICTURES from your diskette. Delete line 
135. Run the program. 

If all went well, you should be looking at a very simple picture. It 
has a gray border around the graphics screen. In the center is a gray 
plus sign. Now, let’s look at the program listing. Set text mode and 
clear the screen. List the program. 

You should now be looking at all but the first line of program S U B - 
PICTURES. Don’t worry about the missing line: It is just a REM state¬ 
ment with the title. 

There are three statements here that you have not studied yet: 
END, GOSUB, and RETURN. Part 4 of this course is about these impor¬ 
tant statements, but it’s not too soon to get some experience with them. 

You have probably noticed that the SUBPICTURES program is 
divided into four main parts. The first part goes from line 100 (a REM 
statement) to line 140 (an END statement). The second part also 
starts with a REM statement (line 200), but it ends with a RETURN 
statement (line 240). The third part is like the second: It starts with a 
REM (line 400) and ends with a RETURN (line 450). The fourth part 
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also starts (line 600) and ends (line 630) like the second and third 
parts. 

Notice that many lines have two colons (s) between the line num¬ 
ber and the BASIC statement. The colons indent the statements and 
make it easier for you to read the program. The computer ignores the 
colons when you run the program. 

1. What do lines 210 through 230 tell the computer to do? 

2. What do lines 410 through 440 tell the computer to do? 

3. What do lines 610 and 620 tell the computer to do? 

If you have extra lab time: EXPLORE 
■ Delete line 120. Run the program and see what happens. 

■ Delete lines 120 and 130. Run the program and see what happens. 

■ Add these lines: 

130 GOSUB 600 
131 COLOR = 0 
X 4L. GOSUB 600 
133 COLOR = / 
134 GOSUB 600 
1 qq: 
X w w * COLOR = 0 
136 GOSUB 600 
137 COLOR 
1 '1 Q i D GOSUB 600 

Now run the program several times and see what happens. (The pic¬ 
ture changes quickly, so look closely.) 

■ Most of the other programs on your diskette have the same form as 
program SUBPICTURES. List BOXES, SYMMETRY, and QUILT, and 
find the parts in each. 
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Parts 
Vocabulary Table 
Words printed in color were introduced in this part. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN LOAD SPEED= 

LIST SAUE FLASH 

NEW DELETE PRINT IMMERSE 

DEL CATALOG REM NORMAL 

LOCK PLOT COLOR= 
UNLOCK HLIN TEXT 

ULIN GR 
HOME 

New BASIC Words 
COLOR= In Applesoft BASIC, a state¬ 

ment that lets you choose which color 
the computer will use while displaying 
information on the graphics screen. 

GR In Applesoft BASIC, a statement 
that tells the computer to set graphics 
display mode. 

HLIN In Applesoft BASIC, a statement 
used to draw a horizontal line on the 
graphics screen. 

New Ideas 
computer graphics Graphic design done 

on a computer. See graphics. 
graphics The art of arranging shapes, 

lines, colors, and symbols on a flat sur¬ 
face. 

graphics dispiay mode A mode of opera¬ 
tion that allows the computer to print 
graphics on a special (graphics) screen. 

PLOT In Applesoft BASIC, a statement 
used to plot points on the graphics 
screen. 

TEXT In Applesoft BASIC, a statement 
that tells the computer to set text dis¬ 
play mode. 

VLIN In Applesoft BASIC, a statement 
used to draw a vertical line on the 
graphics screen. 

graphics input hardware Hardware 
used to put graphics information in the 
computer. An example is the graphics 
tablet. 

graphics output hardware Hardware on 
which the computer displays graphics. 
Examples are a TV screen, an X-Y plot¬ 
ter, and a film recorder. 
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graphics resolution A measure of the de¬ 
tail in which graphics can be drawn by 
output hardware. High resolution gives 
greater detail. 

grapnics screen A TV screen that dis¬ 
plays graphics information. 

text display modQ A mode of operation 
that allows the computer to print let¬ 
ters and numbers on the regular (text) 
screen. 

iext screen A TV screen that displays 
letters and numbers. 

X coordinate The horizontal distance to 
a point. 

Y coordinate The vertical distance to a 
point. 

Right: Designers once drew and redrew their work with 
pens and drawing tools. Below: Today, computer design 
systems make designing faster and easier. 
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Software Tools: Subroutines 
Each statement in a program can tell the computer to do only simple 
things. Yet a complex program is built with these simple statements. 

Tools and tasks Think about the tools a carpenter uses to build a 
house. With only a saw, a measuring tape, and a hammer, a person can 
cut lumber, place it correctly, and nail it together to make a simple 
house. But you cannot imagine how the finished house will look just by 
looking at the carpenter’s tools. 

Programming tools Statements in a programming language are 
like the carpenter’s tools. When you first look at the few statements and 
the simple things they can do, you probably cannot imagine the many 
and complex programs you can build with those few tools. Still, every¬ 
one who has written a complex program has solved his or her problems 
with a few fundamental statements. 

Using tools to build tools If you have a job to do, the first thing to 
do with your simple tools is to build special tools. The house carpenter 
who has only a saw, tape measure, and hammer starts by building spe¬ 
cial construction tools: a sawhorse to hold lumber off the ground for 
sawing, pointed stakes to mark off the ground, braces to hold up walls 
while they are being built, a ladder to reach high places, and so on. 

Reusing tools When the house is finished, the carpenter does not 
throw away the sawhorses and ladders but takes them to the next job 
and uses them there. The carpenter is familiar with these tools and 
knows how they work. Good software tools are reusable too. You build 
them the first time to do a single job. But if you build good software 
tools, you will be able to use them again and again in other programs. 

Subroutines are software tools Every programming language 
gives you a way to create useful tools by combining a group of state¬ 
ments into a single package. In BASIC, the package is called a sub¬ 
routine. In this part you will learn about subroutines. You will see how 
the GOSUB, RETURN, and END statements work. Finally, you will see 
how to use subroutines to make complex programs simple. 
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I Packaging 
Statements 

IN • Read programs that contain subroutines, 
THIS SESSION • Learn the form of a main routine, 

YOU WILL: • Learn the form of o subroutine, 
• Learn what GOSUB, RETURN, and END teil the computer to 

do. 

Review 
You have used only 13 BASIC statements so far. The table shows each 

kind of statement and its purpose. 

Statement 

PRINT 

REM 

HOME 

SPEED= 

IMMERSE 

FLASH 

NORMAL 

C0L0R= 

GR 

PLOT 

HLIN 

ML IN 

TEXT 

Purpose 

Send information to the screen 
Put a remark in a program 
Clear the screen 
Set printing speed 
Set inverse print mode 
Set flash print mode 
Set normal print mode 
Set a color 
Set graphics mode 
Plot a point 
Draw a horizontal line 
Draw a vertical line 
Set text mode 

Standard statements The first two statements in the table, PRINT 
and REM, are called Standard BASIC statements: They are found in 
every version of BASIC. The rest are found only in Applesoft BASIC. 
The last six statements apply to graphics, as you learned in Part 3. 

Simple actions Each of the 13 statements you have learned so far 
tells the computer to perform a single, simple action. PRINT tells the 
computer to print characters on the output screen, PLOT tells it to draw 
a point on the graphics screen, HOME tells it to clear the text screen, and 

so on. 
Compiex actions Most computer programs make the computer 

carry out very long and complex actions. For example, TURTLE TROT 

somehow tells the computer to use colored letters to make a bold title. It 
also tells the computer to draw two pictures of turtles in two different 
colors and then to make the turtles move. The first time you looked at 
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TURTLE TROT, perhaps you guessed that the program had a special 
statement that told the computer to draw big letters, another statement 
to draw turtles, and another one that told it to make them move. If so, 
you guessed wrong. The person who made the TURTLE TROT program 
created these complex actions by combining simple BASIC statements. 

Building new actions In this session, you will learn the tools in 
BASIC that will help you combine a group of simple statements into a 
single package. You will also learn how BASIC allows you to tell the 
computer to perform the whole package, just as if it were one statement. 

A Program with Subroutines 
In Session 20, you loaded a program named SUBPICTURES from your 
diskette. When you ran the program, the computer drew a gray border 
around the graphics screen and then drew a gray plus sign inside it. 
The listing of SUBPICTURES looked like this: 

100 REM--PR0GRAM 
110s; GOSUB 200; 
120; s GOSUB 400; 
130; s GOSUB G00 s 
140 END 
130 ; 
200 REM--SUB SET 
210;s HOME 
220;; GR 
230; s C0L0R= 5 
240 RETURN 
330 s 

SUBPICTURES 
REM--SET UP 
REM--B0RDER 
REM--PLUS 

UP 

400 REM--SUB BORDER 
410; s HLIN 0 ^33 AT 0 
420 s ; HLIN 0 ^33 AT 33 
430 s s ULIN 0 ^33 AT 0 
440; s OLIN 0 .33 AT 33 
4B0 RETURN 
530 s 
B00 REM--SUB PLUS 
G10 s ; HLIN 15 .25 AT 20 
G20S ; MLIN 10 .30 AT 20 
G30 RETURN 

Form of the program You can see at a glance that the program is 
divided into four blocks. Blank lines (lines with only a colon after the 
line number) in 130, 330, and 530 separate the blocks from one 
another. Each block in this program is called a routine. All four rou¬ 
tines have a similar form. 

Form of the routines Each routine starts with a REM statement 
that tells a reader what the purpose of the routine is. The statements of 
each routine are indented to make it clear that the statements are part 
of that routine. These indented statements make up the body of the 
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routine. (In Applesoft BASIC, you have to use colons after the line num¬ 
ber to indent a line.) Finally, each routine ends with an unindented 

statement, either an END or a RETURN statement. 
Blank lines and indentions The computer ignores blank lines, in¬ 

dentions, and REM statements when the program is run. But that does 
not mean you should leave them out. They make the program much 
easier to read. Soon you will be working with complicated programs 
that would be very difficult to read if they were not written this way. 

Two Kinds of Routines 
You can see from the listing of program S U B P I C T U R E S that the pro¬ 
gram has two different kinds of routines. One ends with an END state¬ 

ment, and the other ends with a RETURN statement. 
The main routine The first block at the top of the program is called 

the main routine. 

100 REM--PROGRAM SUBPICTURES 
110ss GOSUB 200s REM--SET UP 
120ss GOSUB a00s REM--BORDER 
130ss GOSUB G00S REM--PLUS 
140 END 

The main routine starts with a R E M statement in line 10 0, which 
tells the purpose of the program. The body of the main routine contains 
three examples of a statement (GOSUB) you have not studied yet. Each 
GOSUB statement is followed by a colon and a REM that helps explain 
its meaning. The routine ends with another new statement (END) in 
line 140. The END statement tells the computer to stop performing 
the program. We will come back to the meaning of the GOSUB state¬ 
ment soon. The main routine must have an END statement. 

First subroutine Each of the three remaining blocks is called a sub¬ 
routine. The listing of the first subroutine looks like this: 

200 REM--SUB SET UP 
210ss HOME 
220ss GR 
230 s s COLOR= 5 
240 RETURN 

The REM statement explains the purpose of the subroutine. Three fa¬ 
miliar statements make up the body of the subroutine. The RETURN 

statement tells the computer that there are no more statements in the 
subroutine; so the computer returns to the main routine. Every subrou¬ 
tine must have a RETURN statement. 

Software Tools: Subroutines 



Second subroutine The second subroutine has the same form as 
the first, but its body is different. Here is the listing: 

400 REM--SUB BORDER 
410 ; ; HLIN 0 ^39 AT 0 
420 ; ; HLIN 0 ^39 AT 39 
430 ; ; ML IN 0 ^ 3 9 AT 0 
440 ; ; ML IN 0 ^39 AT 39 
4B0 RETURN 

You can see that the four statements of the body tell the computer to 
draw lines at the top, bottom, left, and right edges of the screen. 

Third subroutine The last subroutine in SUBPICTURES also has 
the same form as the other two, but a different body. 

B00 REM--SUB PLUS 
B10 s s HLIN IB ^25 AT 20 
G20 s s ML IN 10 ^30 AT 20 
G30 RETURN 

The two statements of the body tell the computer to draw a large plus 
sign in the middle of the screen. 

How Program SUBPICTURES Works 
Now that you are familiar with all the parts of the SUB PICTURES 

program, you are ready to see how it works. Each subroutine contains 
statements (instructions) for doing a task. But how does the main rou¬ 
tine tell the computer to perform the task in a subroutine? 

The GOSUB statement The GOSUB statement in the main routine 
tells the computer to go to a subroutine and perform the statements 
there. The number after the word GOSUB tells the computer which sub¬ 
routine to perform. The number must match the line number of the first 
statement in the subroutine. For example, GOSUB 200 tells the com¬ 
puter to go to line 200 and perform the statements in the subroutine 
that begins on that line. 

How does GOSUB work? There is a very simple way to picture how 
the GOSUB statement works: Imagine that it tells the computer to sub¬ 
stitute the body of the subroutine for the GOSUB statement. For exam¬ 
ple, in line 110 

110;s GOSUB 200; REM--SET UP 

the computer replaces GOSUB 200 with these three statements: 

HOME 
GR 
C0L0R= B 

After performing these three statements, the computer continues with 
line 120 of the main routine. 
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More to come This explanation of the GOSUB statement is accu¬ 
rate as long as the main routine and the subroutines are written cor¬ 
rectly. In Sessions 26 and 27, you will learn how common errors happen 
and how the computer responds to those errors. 

Subroutines and Complex Actions 
No single BASIC statement tells your computer to draw a border 
around the graphics screen or a plus sign in the center. But program 
SUBPICTURES has subroutines that tell the computer how to do those 
things. Once a subroutine has been written, a single GOSUB statement 
tells the computer to perform all the statements in the body of the sub¬ 
routine, no matter how long and complex it is. 

A simple main routine In program SUBPICTURES, the body of the 
main routine is simple and easy to read. Here is the main routine: 

100 REM--PROGRAM 
110 s s GOSUB 200 s 
120; s GOSUB 400 s 
130; s GOSUB G00 s 
140 END 

SUBPICTURES 
REM--SET UP 
REM--BORDER 
REM--PLUS 

Each one of its three statements is a GOSUB. The trailing remark after 
each GOSUB tells what the subroutine does: 

1. First, set up the computer for graphic display. 

2. Next, draw the border around the screen. 

3. Finally, draw the plus sign at the center of the screen. 

Later you will see that you use this kind of verbal description when you 
begin writing any program. 

Subroutines hide details When carpenters build ladders, they pay 
careful attention to the details of the design of the tool. But when the 
carpenters or other people use the ladder, they usually forget all those 
details. They just put the tool to work. Subroutines are built and put to 
work much in the same way. When you build a subroutine, you must 
pay attention to the details of how it works. Later, when you and others 
start using the subroutine, you can usually ignore the details. You 
should think of the subroutine as just one more action that your com¬ 
puter can do. 

112 Software Tools: Subroutines 



1. What action does the HLIN statement tell the computer to 
perform? 

2. Do any of the statements in the table on page 108 tell the 
computer to draw a border around the graphics screen? If so, 
which? If not, what statements would have to be combined to 
do that job? 

3. What are the blocks of program SUBPICTURES on page 109 
called? 

4. What statements appear on the last lines of the routines in 
SUBPICTURES? 

5. Which lines form the body of the last routine in SUB- 
PICTURES? 

6. Why are blank lines and indents used in program S U B P I C - 

TURES? 

7. What is the difference between the form of the main routine 
and the form of a subroutine? 

8. The REM statement in line 4 0 0 of program SUBPICTURES 
on page 109 says SUB BORDER. Why do you think the writer 
used those two words? 

9. When the computer performs line 12 0 of program S U B PIC - 
TURES, what four statements does it substitute for the 
GOSUB 400 statement? 

10. When the computer performs line i 30 of program SUB PIC¬ 
TURES, what two statements does it substitute for the GOSUB 
G00 statement? 

11. How do subroutines allow you to add new actions to the ones 
already present in BASIC? 

12. How do subroutines make the main routine simple and easy 
to read? 

13. When is it important to think about how a subroutine works? 

14. When is it important to know what a subroutine does? 
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Reading and 
Changing Programs 
with Subroutines 

IN • Read programs that contain subroutines. 
THIS SESSION • Find out what happens when you delete GOSUB statements 

YOU WILL: from the main routine, 
• Find out what happens when you add GOSUB statements to 

the main routine. 
• Trace the use of subroutines in complicated programs. 

Program BLAST OFF 
In Session 21, you learned how statements can be grouped into pack¬ 
ages called subroutines. A GOSUB statement in the main routine tells 
the computer to perform a subroutine. In this session, you will study 
programs with subroutines. 

Start the computer in the usual way with your diskette. Load 
program BLAST OFF from your diskette. Run it. Then list lines 
100 through 130. 

Look at the statements indented inside the main routine. Line 
110 contains GOSUB 200 and the remark ROCKET. The subroutine 
beginning at line 200 draws the rocket. Line 120 contains 
GOSUB G00 and the remark LAUNCH. The part of the program that 
moves the rocket up and off the screen begins at line G00. 

List lines 200 through 430. There are too many lines to fit 
on the screen at the same time, so you must list them in blocks. 

Subroutine ROCKET is almost the same as the program ROCKET 

that you have run several times. The main difference is that the state¬ 
ments of program ROCKET have been packaged into a subroutine in 
program BLAST OFF. The statement GOSUB 200 tells the computer 
to print the picture of a rocket. 

List lines 600 through 890. Again, you will have to list the 
lines in blocks. 

The LAUNCH subroutine consists of many PRINT statements and 
two SPEED= statements. The first SPEED= statement slows down the 
rate at which the computer performs the PRINT statements, so the 
rocket appears to move off the screen at a speed slower than normal 
print speed. The second SPEED= statement resets top speed. 
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RUN 
The rocket is launched as you have seen 
before. 

110 
120 

LIST 100# 130 

RUN 

Delete the GOSUBs in lines 110 and 
120. 

This is the main routine. 

Nothing happens. (You will fix this soon.) 

1. What statement tells the computer to perform a subroutine? 

2. If the body of the main routine contains no statements, what will 
happen when the program is run? 

Immediate Mode 
The version of BLAST OFF now in your computer has no G0SUB state¬ 
ments. But it does have all the statements of the rocket and launch 
subroutines. You can use the immediate mode to tell the computer to 
perform a subroutine. Just type the GO SUB statement without a line 
number. 

There is the rocket. 

Erase it. 

There it is again. The REM statement was 
not necessary. 
Blast off! 

GQSUB 200; REM--RQCKET 

HOME 

GOSUB 200 

GOSUB 600 

Once a subroutine is in the memory, you can use the immediate mode to 
tell the computer to perform the subroutine. 

3. What does the statement GOSUB 200 tell the computer to do? 
Explain in your own words. 

4. You saw that the REM after the GOSUB was not necessary. Why do 
you think the writer put a REM after each GOSUB statement? 

Extra GOSUB Statements 
Next, let’s see what happens when you start putting GOSUB statements 
back into the main routine. 

110:s GOSUB 200: REM--ROCKET 
LIST 100# 130 

RUN 

Now the GOSUB to the rocket subroutine is 
back. 

The rocket is on the screen, but there is no 
launch. 
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120s: GOSUB G00: REM--LAUNCH 
LIST 100» 130 

RUN__ 

122:: GOSUB 200: REM~-ROCKET 
124:: GOSUB 600: REri--LAUNCH 
LIST IQQf 130 

RUN 

126:s GOSUB 200: REM--ROCKET 
128:s GOSUB 600: REM--LAUNCH 
LIST 100f 300 

RUN 

The GOSUB to the launch subroutine is 

back. 
The program is back to normal. 

Another rocket GOSUB and launch GOSUB 

have been added. 
Now two rockets blast off. 

Still another rocket and launch. 

Now three rockets blast off. 

5. Why does the program now draw and launch three rockets? Explain 

in your own words. 

6. What determines the order in which the computer performs subrou¬ 

tines? 

Reading Program BOXES 
Most of the programs on your diskette are written in the form of a main 
routine and a few subroutines. Now you will learn to read programs and 

to identify all the routines. 
Load program BOXES. List the main routine (lines 100 

through 180). Use the GOSUB statements as a guide to tell you 
where each subroutine is located. Then list each one and study 
the statements in the body. 

There are a few new statements in this program, but don’t worry 
about them now. The main idea here is the form of the program. 

7. What lines of program BOXES contain the main routine? 

8. Which subroutine actually draws the boxes? 

If you have extra lab time: EXPLORE 
■ Find the main routine in program S Y M M E T R Y. List each subroutine 

separately. 

■ Find the main routine and all the subroutines in program QUILT. 

Notice that subroutine REPEAT has a GOSUB statement to another 

subroutine, PATTERN. 
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Top-Down 
Programming 

IN • Review the way subroutines work. 
THIS SESSION • Learn the structure of main routines and subroutines. 

YOU WILL: • Use top-down design to plan o new program. 
• Write the subroutines needed to carry out o main routine. 

Review 
In Sessions 21 and 22, you saw how complex programs are built from 
groups of statements called subroutines. Each subroutine used simple 
BASIC statements to define a complex action. You learned that the 
GOSUB statement tells the computer to perform a subroutine. You used 
the GOSUB statement inside the main routine of a program. You also 
used GOSUB in the immediate mode, and you saw that the body of one 
subroutine could contain a GOSUB to another subroutine. 

Defining new actions The important thing about subroutines is 
that they give you a way to define new actions for the computer to carry 
out. You learned in Session 21 that there is no BASIC statement that 
tells the computer to draw a border around the graphics screen. But you 
can define that action by adding these statements to your program: 

d00 RE!1--SUB BORDER 
4 1 0 s s HLIN 0 ^ 39 AT 0 
420 s s HLIN 0 ^ 39 AT 39 
430 s s ML IN 0 ^ 39 AT 0 
440 s s ML IN 0 ^ 39 AT 39 
d50 RETURN 

Then, whenever you need to have a border, all you have to do is put a 
GOSUB 400 statement into your program. 

Performing new actions You removed the GOSUB statements in 
the BLAST OFF program and then ran it. The computer did nothing. 
Then you added extra GOSUB statements, and the computer drew sev¬ 
eral rockets and launched them. GOSUB is the statement that tells the 
computer to perform the action defined in the subroutine. If there is no 
GOSUB statement in the main routine, the computer will not perform 
the subroutine. If there are two identical GOSUB statements in the 
main routine, the computer will perform the subroutine twice. 

Structure of a Well-Written Program 
A well-written computer program is like a well-written English compo¬ 
sition. Both should be easy to read. 
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It takes planning 
to design a good 
computer pro¬ 
gram. A software 
team spends 
many hours on the 
plan before they 
start programming. 

Structure of a composition The first 
few sentences should explain what the 
whole composition is about. Major ideas 
should be put in separate paragraphs. 
Each paragraph should have a topic sen¬ 

tence. Blank lines should separate one par¬ 
agraph from the next. 

Structure of a program The routines 
of a well-written program are like the par¬ 
agraphs of an English composition. The 
main routine tells what the whole program 
is going to do. Each subroutine should 
have a name that gives the reader an idea 
of what it will do. Subroutines should be 
separated from one another by blank lines. 

Rules of good structure Your English teacher checks your spelling 
and punctuation. The computer checks your programs in the same way. 
Your English teacher also helps you organize your ideas and write them 
more clearly. Unfortunately, the computer does not help you organize 
your programs so they are clear and easy to read. The computer will 
run hard-to-read programs (such as program SPAGHETTI on your disk¬ 
ette) without complaint. So it is up to you to learn a few rules that will 
make your programs easy to write, read, and change. 

Standard program outline The best way to start both an English 
composition and a program is with an outline. Nearly every program 
you will see in this course has this outline form: 

I. Main routine 
II. First subroutine 

III. Second subroutine 
IV. Third subroutine 

etc. 

Outline of main routine Every program that contains subroutines 
should begin with a main routine. It is usually short. It gives a com¬ 
plete picture of the whole program, but it leaves out the details. No 
matter what the program does, the structure of the main routine should 
be the same. Here is an outline: 

_REM--PROGRAM name of program 

body of main routine 
(mostly GOSUB statements) 

END 

m Software Tools: Subroutines 



The blank lines show where line numbers will go. The first statement 
in the main routine should be a REM statement giving the name of the 
program. The last statement must he an END statement. The REM state¬ 
ment opens the main routine, and the END statement closes it. The body 
of the main routine tells which subroutines are to be performed and in 
what order. 

Outline of subroutine The details of a program appear in the sub¬ 
routines. All subroutines have the same form, regardless of what they 
do. Here is an outline: 

_REM--SUB subroutine name 

body of subroutine 

RETURN 

Every subroutine should begin with a REM statement that names 
the action the subroutine defines. Every subroutine must end with a 
RETURN statement. The REM statement opens the subroutine, and the 
RETURN statement closes it. The body of the subroutine contains the 
statements that define the action of the subroutine. You saw in pro¬ 
grams OUILT and LITTLE TROT that subroutines can contain 
GOSUBs to other subroutines. This is an example of one tool using 
another. 

Indentions and blank lines It is a good idea to indent the body of 
each routine. Indentions make it clear where the body begins and ends. 
Blank lines between routines make it clear where one routine ends and 
the next one begins. As you know, you must use colons in Applesoft 
BASIC to indent and create blank lines. 

Breaking the rules Some of the rules given above are required by 
the computer. There must be an END statement between the main rou¬ 
tine and the first subroutine. There musthe a RETURN statement at the 
end of every subroutine. (In Session 26, you will see what happens if 
you break these rules.) By contrast, the computer ignores blank lines, 
indentions, and REM statements. They have only one purpose: to make 
programs easy to read. 

Top-Down Design of a Program 
Let’s use the outlines you have learned to help you design a new pro¬ 
gram. 

A name In lights Suppose you have three classmates named Ana, 
Nan, and Ann, all of whom want to see their names in lights. You 
decide to write a program to do just that. The program will have a 
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subroutine to print a big N and another one to print a big A. With these 
two subroutines, the program can spell all three names. 

Start at top It is easy to get bogged down in details when you are 
trying to solve a problem. (How can I make the computer print a big N? 
A big A ?) It is almost always better to ignore these details at first. Start 
with the main routine and figure out what it must tell the computer to 
do. If there are no BASIC statements that tell the computer to do what 
you want it to do, use a GO SUB statement instead. 

Main routine outline Here is an outline of the main routine, writ¬ 

ten partly in English and partly in BASIC: 

100 RE11--PR0GRAM NAMES 
11 0 s s clear screen 
1 2 0 s s print a big N 
1 30 s s print a big A 
1 40 s s print a big N 
150 END 

Convert to BASIC You can tell the computer to perform line 110 
with a single BASIC statement, HOME. To perform line 120, the com¬ 
puter will need several PRINT statements that make a letter like this 

one: 

&: & 

&: &: &: d.: S: & 

aA: a:a: a:a 
a: a: a: a: a: a 
a: a: a: a 

Let’s not worry about those details now. Instead, we will “bury” 
them in a B I G N subroutine, which can be written after we finish the 
main routine. Here is the completed main routine, plus an outline of 
the subroutines. 

100 REM--PROGRAM 
1 1 0 s s HOME 
120s s GOSUB 4005 
1 30 5 5 GOSUB G005 
1 40 5 5 GOSUB 400 5 

150 END 
390 5 

400"rEM--SUB big 

NAMES 

REM--BIG N 
REM--BIG A 
REM--BIG N 

N 

_ print big N 

500 RETURN 
590 5 

g00"rem--sub big a 

_ print big A 

700 RETURN 
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Top-down design The method you have been using to solve this 
problem is called top-down programming. Here are the steps you used: 

1. Write an English-language version of the body of the main rou¬ 
tine. 

2. Convert into BASIC each English phrase that you can express 
by one or two BASIC statements. 

3. If you cannot convert the English phrase into one or two BASIC 
statements, convert it to a GOSUB statement. 

4. After you convert all the English phrases in the main rou¬ 
tine, repeat this whole process for each subroutine named in 
step 3. 

Top-down programming has two good effects: It makes you think about 
what the whole program is supposed to do, and it keeps you from get¬ 
ting bogged down in details. 

Writing the subroutines We’ll leave it to you to design the BIG A 

and B I G N subroutines out of PR I NT statements. You will be entering 
your solution to this problem into the computer in Session 24, so 
save your work. 

gUESTiOI^S 
1. What part of a program tells the computer how to carry out a 

new action? 

2. What tells the computer to perform a subroutine? 

3. Suppose that a program contains two subroutines. What de¬ 
termines the order in which the computer performs the sub¬ 
routines? 

4. What goes at the top of a main routine? 

5. What goes at the bottom of a main routine? 

6. Why must the body of the main routine contain GOSUB state¬ 
ments if the program has subroutines? 

7. What is the purpose of the RETURN statement? 

8. Why should the body of a routine be indented? 

9. What is the purpose of blank lines in a program? 

10. In your own words, what does top-down programming mean? 

11. Why is top-down programming helpful? 
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^ Practice with 
■ Subroutines 

IN • Enter program NAMES into the oomputer. 
THIS SESSION • Vary the main routine in program NAMES. 

YOU WILL: • Use FLASH, INUERSE, and NORMAL to oontroi the printing 
mode. 

Entering Program NAMES 
In Session 23, you wrote two subroutines to print big letters on the 
screen. The subroutines were called B I G N and B I G A. The main rou¬ 
tine of NAMES used these subroutines to put Nan’s name on your 
screen. The program outline looked like this: 

100 REM--PROGRAM 
110;s HOME 
120 s s GOSUB 400 s 
130 s s GOSUB B00 s 
140 s s GOSUB 400 s 
150 END 
390 s 
400 REM--SUB BIG 

NAMES 

REM--BIG N 
REM--BIG A 
REM--BIG N 

N 

_ print big N 

500 RETURN 
590 ; 
S00 REM--SUB BIG A 

print big A 

700 RETURN 

At the end of Session 23, we asked you to write the bodies of the two 
subroutines. They can be built out of PR I NT statements. For example, 
the big A might look like this: 

00000 
00 00 
0000000 
00 00 

000 000 

Enter the complete program NAMES into the computer now. If 
you did not write the subroutine bodies in Session 23, do so now. 
Run the program a few times and make any improvements you 
like. Remember, you can get a blank line before each big letter by put- 
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ting an “empty” PRINT statement (one without anything after the 
word PRINT) as the first statement in the subroutine body. 

Changing the Main Routine 
Now that you have two new subroutines, you can use them in different 
ways. All you have to do is use a GOSUB 400 when you want a big N 
and a GOSUB G00 when you want a big A. 

Type GOSUB 400 and GOSUB 600 a few times in the 
immediate mode. 

Now, change the main routine to make program NAMES print 
Ann’s name in big letters. Change it again to print Ana’s name. 

1. What tells the computer which letter to print first, which to print 
second, and so on? 

2. What tells the computer how to print a big A? 

Changing the Printing Mode 
In Session 12, you learned how to use the SPEED = statement to control 
the speed at which characters are printed on the screen. Let’s review 
the SPEED= statement. 

Use the SPEED= statement in the immediate mode to change 
the printing speed. Now run program NAMES. 

In Session 14, you learned about FLASH, I N M E R S E, and N 0 R M A L 

statements. Use each one in the immediate mode just before run¬ 
ning NAMES. 

SPEED = , INVERSE, FLASH, and NORMAL are Applesoft BASIC 
statements. You can use them in programs as well as in the immediate 
mode. They are not available in Standard BASIC, however. 

3. What statement would you put into the program NAMES to make 
the big letters on the screen flash? Where should the statement go? 

4. Suppose you want the first letter of Nan’s name to flash, the second 
letter to be normal, and the third letter to be in inverse video mode. 
What lines would you add to the program NAMES? 

5. What statement would you add to the end of the program in question 
4 to make sure the printing mode returns to normal before the pro¬ 
gram stops? 
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If you have extra lab time: EXPJ.aRE 
■ Use FLASH, INUERSE, and NORMAL statements in the program 

NAMES to make the results more interesting. When you are satis¬ 
fied with your program, save it on your diskette as program 
NAMES You will use this program in future sessions. 

■ Unlock your HELLO program so that you can make changes in it. 
Change the HELLO program so that it uses I N M ERSE and F L A S H. Be 
sure to put a N 0 R M A L statement at the end of the program. When you 
are satisfied, save the new version of the HELLO program and lock it. 

Left: Scientific research used to be done mostly by hand 
with relatively simple tools. Above: Today, the computer 
is a powerful aid to the scientist in operating complex 
equipment. 
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How GOSUB and ^ 
RETURN Work ” 

IN • Add a return address stack to the model computer. 
THIS SESSION • Use the model computer to explain how subroutines work, 

YOU WILL: • Improve the RUN program. 

Review 
In Sessions 21 through 24, you learned how to use subroutines in pro¬ 
grams. You did not have to know exactly how subroutines worked. 

More is needed The idea that the subroutine body replaces the 
GOSUB statement is a good one. It gives you a feeling for what is taking 
place. Nevertheless, this idea alone does not explain everything about 
subroutines. Later, you might need to know exactly how the computer 
performs subroutines, especially if the computer will not do what you 
want it to do. 

Why details matter If you always follow the rules for writing pro¬ 
grams with subroutines, you won’t need to think about how the com¬ 
puter actually performs the GOSUB and RETURN statements. But sup¬ 
pose you forget to put an END statement after the main routine, forget 
the RETURN statement, or use the wrong line number in the GOSUB. 

The result is very confusing if you don't have a good mental picture of 
what is going on inside the computer. 

A Better Model Computer 
In Sessions 11 and 13, you learned that a computer model can help you 
understand how the real computer works. The model can also give you a 
much better idea of how the computer performs subroutines. 

Simple example Let’s start with a simple program that uses a 
subroutine correctly. The program does nothing useful, but it shows 
how the computer performs a GOSUB and a RETURN statement. There 
is a main routine and one subroutine. 

10 PRINT "ONE" 
15 GOSUB G0 
20 PRINT "THREE" 
50 END 
55 s 
B0 REM--SUB TWO 
G5 s s PRINT "TWO" 
70 RETURN 
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As before, we will use the computer model to explain how the real com¬ 
puter performs this program. Here is the model after you enter the 
program and drop the words HOME and RUN into the input slot. Remem¬ 
ber, this input tells the computer to clear the screen and then perform 
the RUN program: It starts by putting the line pointer at the first 

BASIC line, line 10: 

CONTROL 

INPUT 

I 

1-— 

A new memory feature Notice that the memory chalkboard has 
something new at the lower right corner. It is a small shelf. The shelf 
can hold a stack of cards, which we will call the return address stack. 
The computer model has a supply of blank cards. It can write numbers 
on the cards and put them on the return address stack. You will soon 
see why the model needs this stack. 
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Perform PRINT and move pointer The RUN program says to per¬ 
form the PRINT statement in line 1 0 and then move the pointer down 
to line 1 5. Here is how the output scroll and the memory chalkboard 
look after that. 

Perform GOSUB The RUN program now says to perform the GO SUB 
statement. How does the computer perform a GOSUB? Here are the 
rules: 

The computer’s rules for performing the GOSUB staternent x 

1. On a blank card, write the line number of the statement after 
the GOSUB statement. Put the card on the top of the return 
address stack. 

2. Move the line pointer to the line number that matches the 
number after the word GOSUB. 
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The statement after the GOSUB statement is in line 20, so step 1 tells 
the computer to write 20 on the card. The number after the word 
GOSUB is G0, so step 2 tells the computer to move the line pointer to 
line B0. Here is the picture of the computer after the GOSUB statement 

is performed. 

Notice that the return address stack now has a card with the number 
20 written on it. Notice also that the line pointer is at line B0. 
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Perform REM and PRINT Now it is time to perform line B0. It is a 
REM statement, so the computer skips it. The computer moves the line 
pointer down to line G5 and performs the PRINT statement. It tells the 
computer to print TNO on the output scroll. Then the computer moves 
the line pointer down to line 70. Here is the picture at that time. 

Perform the RETURN Now the computer must perform the RETURN 
statement. Here are the rules. 

The computer’s rules for performing the RETURN statement 

1. Remove the top card from the return address stack. 

2. Read the number on the card, move the line pointer to that line 
number, and throw the card away. 
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Here is the picture of the computer after it performs the RETURN state¬ 

ment. 

Notice that the return address stack is now empty. The RETURN state¬ 
ment told the computer to remove the card and move the pointer to line 
20, the number that was written on the card. 

Perform PRINT Now the computer must perform the PRINT state¬ 
ment in line 20 and then move the pointer down to line 50. Here is the 

picture after that. 

The output scroll has THREE on it, and the line pointer is at line 50. 
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Perform END Next, the computer must perform the END statement 
in line 50. Here are the rules. 

The computer’s rules for performing the END statement 

1. Stop the RUN program. 

2. Put the cursor back on the screen. 

Here is the model of the computer after it performs the END statement. 

Return address stack The return address stack is the key idea. 
You should note very carefully how the G 0 S U B and the RET U R N state¬ 
ments use this stack. The G □ S U B tells the computer to put a card on the 
stack. The RETURN tells the computer to take one off. The GOSUB tells 
the computer to write a line number on the card before putting it on the 
stack. The RETURN tells the computer to remove the top card on the 
stack and to move the line pointer to the line number written on the 
card. 

Improving the RUN Program 
The initial version of the R U N program is not quite correct. It needs to 
be changed slightly to explain how subroutines work. Before subrou¬ 
tines were introduced, the R U N program told the computer to move the 
line pointer through the program in line-number order. After the 
BASIC statement in a line was performed, the RUN program told the 
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computer to move the line pointer to the next line in the program. With 
subroutines, however, the line pointer does not go automatically to the 
next line. As you have seen, GOSUB and RETURN tell the computer to 

move the line pointer to different points in the program. 
Initial RUN program Here is the initial version of the RUN pro¬ 

gram: 

The RUN Program (Initial Version) 

1. Move the line pointer to the first line of the BASIC program in 
the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 
ing at a BASIC line. 

2a. Perform the statement in the current line. 

2b. Move the pointer to the next line of the program in 
the memory unit. 

The problem lies in step 2b. Suppose the line pointer is pointing at line 
15, which says GOSUB G0. Step 2a says to perform the GOSUB. That 
puts the line pointer at line G0. Now comes the problem: Step 2b says 
to move the pointer down to the next line after G0. So the computer 
would never perform line G0. 

Improved RUN program We need a better RUN program. Here is 
an improved version with a new step 2b: 

The RUN Program (Improved Version) 

1. Move the line pointer to the first line of the BASIC program in 

the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 

ing at a BASIC line. 

2a. Perform the statement in the current line. 

2b. If step 2a just moved the line pointer, leave the 
pointer there; if not, move the pointer to the next line 
of the program in the memory unit. 

Subroutines treated correctly If there is a GOSUB statement at 
step 2a, the computer moves the line pointer to the beginning of the 

subroutine. Because the line pointer was moved in step 2a, step 2b says 
to leave the line pointer exactly where the GOSUB put it. Similarly, a 
RETURN statement at step 2a tells the computer to move the line 
pointer to the line number written on the top card on the return address 

Software Tools; Subroutines 



stack. Again, the line pointer was moved in step 2a, so step 2b says to 
leave the pointer exactly where the RETURN put it. 

Line pointer jumps Statements that tell the computer to move the 
line pointer or stop the program are called control statements. The 
other statements are called action statements. When the computer 
finishes performing an action statement, it always goes to the next 
statement in the listing. That is not true of control statements, such as 
GOSUB, RETURN, and END. You will learn about other control state¬ 
ments in Part 6. The improved version of the RUN program will handle 
these new statements properly. 

Why worry about details? You may feel that this little detail in the 
RUN program is not worth all the attention we gave it. After all, the 
first version of the RUN program was pretty good. If somebody gave you 
those rules, you would know what to do when something new came 
along, such as the GOSUB statement. A person would use judgment and 
would adapt the rules. 

Computers are fussy Computers do not use judgment. They cannot 
adapt. They carry out instructions exactly as written. They are fussy 
about details. When you write programs for a computer, you must be 
just as fussy about getting the details right. Don’t rely on the machine 
to show intelligence or judgment. It has neither. 

1. What statement should end a main routine? 

2. What statement should begin a subroutine? 

3. What statement should end a subroutine? 

4. What statement tells the computer to perform a subroutine? 

5. What does a GOSUB statement, such as GOSUB 100, tell 
the computer to do? Explain in your own words. 

6. How does the RETURN statement tell the computer to move 
the line pointer? 

7. You now know two ways that the RUN program is stopped. 
What are they? 

8. Why did the RUN program need to be updated? Explain in 
your own words. 

9. Which BASIC statements you have studied move the line 
pointer? 

10. How does the computer use the return address stack? 
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Exploring Subroutine 
Bugs 

IN • Study the missing END statement bug. 
THIS SESSION • Study the missing RETURN statement bug. 

YOU WILL: • Study GO SUB bugs. 

Programs with Subroutine Errors 
If you always followed the proper rules for writing subroutines, there 
would be no need to worry about ‘‘buggy” programs—programs with 

errors. But, sooner or later, you will forget to put an END statement at 
the end of the main routine or will leave out the RETURN at the end of 
a subroutine. Mistakes like these sometimes produce error messages 
and sometimes not. Let’s look at these often surprising situations. 

Start the computer in the usual way with your diskette. 

The “Missing END Bug” 
The purpose of the END statement is to stop the RUN program. One of the 
most common bugs in programs with subroutines happens when you 
leave out the END statement. We will use the program you studied in 
Session 25 to see what happens because of the “missing END bug.” 

10 PRINT "ONE" 
15 GOSUB B0 
20 PRINT "THREE" 
50 END 
55: 
60 REM--SUB TWO 
65:: PRINT "TWO" 
70 RETURN 

RUN 
Enter the program. 

Check the program. 

50 

LIST 

RUN 

The program is working correctly if you see ONE, TWO, and THREE 
down the left side of the screen. Correct any errors in your program 
before going on. Now comes the bug: 

.. . Delete the END statement. 

— Make sure it’s gone. 

—«Run the program. 
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By removing the END statement, you put an error in the program. You 
see ONE, TWO, and THREE as before, but now there is an extra TWO and 
a message that says TRET URN WITHOUT GOSUB ERROR IN 70. Why 
did this happen? In Session 27, you will study this same problem and 
see exactly why it happened. For now, just note that a missing END 
statement is a serious bug in a program. 

1. What is the purpose of the END statement? 

2. If the END statement is missing, what will happen? 

The “Missing RETURN Bug” 
Another common bug is forgetting to put a RETURN statement at the 
end of a subroutine. Let’s look at this bug next. 

Put the END statement back at line 50. Run the program 
and check it. Then list it. You should see this listing on your screen: 

10 PRINT "ONE" 
15 GOSUB G0 
20 PRINT "THREE" 
50 END 
55 s 
G0 REM--SUB TWO 
G5 s s PRINT "TWO" 
70 RETURN 

Now, let’s put the missing RETURN bug into the program. 

70 

RUN 
Delete the RETURN statement. 

Look at the results. 

This bug produced very interesting results. ONE and TWO are printed on 
the screen, but THREE is missing. But what is most interesting is that 
there was no error message. The program is not working properly; yet 
you would get no clue if you simply ran the program and looked at the 
results. 
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Another kind of missing RETURN bug can show up if there is more 
than one subroutine in a program. Put the RETURN statement back 
in line 70. Then add the new lines shown here: 

10 PRINT "ONE" 
15 GOSUB G0 
20 PRINT "THREE" 
25 GOSUB 80 
50 END 
55 s 
G0 REN--GUB TNO 
G5s: PRINT "TWO" 
70 RETURN 
75: 
80 REM--SUB FOUR 
85:: PRINT "FOUR" 
80 RETURN 

Read your listing carefully and fix any errors before going 
on. Then run the program. 

This program should have no bugs; it is correct if you saw ONE, 
TWO, THREE, and FOUR down the left side of the screen. Now let’s put 

in a bug. 

70 

RUN 
Delete the RETURN statement in line 70. 

See what happens. 

This time, you got ONE, TWO, FOUR, THREE, and FOUR, and there was 

no error message. Now, the program certainly is buggy. 

3. What is the purpose of the RETURN statement? 

4. What happens if the computer performs a subroutine that has no 

RETURN statement at the end? 

5. Will a missing RETURN statement always cause an error message? 

6. What will the computer do if you accidentally put two RETURN 
statements at the end of a subroutine? 

GOSUB Bugs 
If a GOSUB is missing or if there is an incorrect line number used with 
GOSUB, bugs will show up in programs. 

Put the RETURN statement back at line 70. Check the pro¬ 
gram. Now remove the GOSUB statement at line 15. Run the pro¬ 
gram. 

This time you see ONE, THREE, and FOUR on the screen. You prob¬ 
ably knew what would happen. TWO is missing because the GOSUB to 
the subroutine that prints TWO is missing. The computer will not per- 
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form a subroutine just because it is in the program; there must be a 
GOSUB to that subroutine. 

7. What is the purpose of a GOSUB statement? 

8. What happens if a GOSUB statement is missing? 

9. Will a missing GOSUB statement cause an error message? 

Bugs in Nested Subroutines 
Now, let’s look at program bugs that can show up when a subroutine 
contains a GOSUB to yet another subroutine. We’ll need a new program 
for that. 

NEN 

10 GOSUB 50 
15 END 
20: 
50 REri--SUB 1 
55:: GOSUB 75 
60:: PRINT “THERE" 
65 RETURN 
70: 
75 REM--SUB 2 
80:: PRINT "HI" 
85 RETURN 

RUN 

Clear out the old program. 

Enter the new program. 

Check the results. 

If you see HI and THERE on the screen, the program is working cor¬ 
rectly. Notice that SUB 1, the first subroutine, contains a GOSUB to 
SUB 2, the second subroutine. We say that SUB 2 is nested in SUB i. 
Now let’s look at the same kinds of bugs that you have already seen. 

Take out the END statement. 

—. See what happened. 

Here is what you should see on the screen: 

HI 
THERE 
HI 
THERE 
7RETURN WITHOUT GOSUB ERROR IN SB 
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15 END 

65 

RUN 

________ Put back the END statement. 

__ Take out the first RETURN statement. 

Check what happens. 

This time the screen shows HI, THERE, and HI. There was no error 

message. 

65 RETURN 

85 

RUN 

Put the first RETURN statement back. 

Take out the second RETURN statement. 

What happened? 

The screen shows HI but not THERE. There was no error message. 
These results are typical of what can happen if you make mistakes 

while writing subroutines. In the next session, you will see exactly how 

and why each of the bugs happened. 

10. What is a nested subroutine? 

11. What would happen if you put the subroutines at the top of a pro¬ 

gram and the main routine at the bottom? 

A Subroutine with a GOSUB to Itself 
The final bug you will see leads to a completely different error, one that 
seems very mysterious. You will solve the mystery in Session 27. 

NEN 

10 REM--SUB 1 
20:: PRINT "AGAIN AND" 
30 RETURN 

Clear out the old program. 

Enter the new program. 

GOSUB 10 Perform the subroutine in the immediate 

mode. 

So far, nothing new has taken place. The PRINT statement inside the 
subroutine told the computer to print AGAIN AND on the screen. Now 

for something new. 

25:: GOSUB 10 
Inspect the new version. 

This new version of the subroutine raises an interesting question. Can 
a subroutine contain a GOSUB to itself? There is one way to find out. 
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GOSUB 10 
Again, perform the subroutine in the im¬ 
mediate mode. 

The new GOSUB inside the subroutine completely changes the instruc¬ 
tions it gives the computer. Now, instead of a single AGAIN AND, you 
see a whole series of these words, with the message TOUT OF MEMORY 
ERROR IN 20. This is the first time you have seen this error message. 
What do you think it has to do with subroutines? You will answer that 
question in Session 27. 

If you have extra lab time: EXPLORE 
■ Program BLAST OFF has two subroutines. See what happens when 

you deliberately put subroutine bugs into the program. 

■ Add a GOSUB 100 statement to the end of your ROCKET program 
and run it. Change the GOSUB 100 to a GOSUB 120 and run it 
again. 

■ Find a nested subroutine in program OUILT. See how many nested 
subroutines you can find in LITTLE TROT. 
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T The Model Computer 
^ and Subroutine Bugs 

IN • Use the model computer to explain subroutine bugs, 
THIS SESSION • Learn how the return address stock controls the way the 

YOU WILL: computer enters and leaves subroutines. 

Review 
In Session 26, you experimented with “buggy” programs that contained 
subroutines. You saw what can happen when an END statement is miss¬ 
ing, when a RETURN statement is not where it is supposed to be, and 
when a GO SUB statement is missing. Sometimes the computer detects 
an error and alerts you with an error message, but not always. The 
buggy results are often hard to understand. Why do bugs produce such 

strange results? 
The model computer is just what we need to answer all the ques¬ 

tions about buggy programs with subroutines. 

The “Missing END Bug” 
Here is the program you studied first in Session 26, but without the 
END statement in line 50. 

10 PRINT "ONE" 
15 GOSUB 60 
20 PRINT "THREE" 
55 ; 
60"rEM--SUB two 
B5s s PRINT "TWO" 
70 RETURN 
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Let’s look at the model computer after lines 10, 15, and 20 have all 
been performed. Here is the picture. 

Here is what has happened so far: Line 1 0 told the computer to print 
ONE on the output scroll. Line 1 5 told the computer to put a card with 
20 written on it on the return address stack. The computer then 
moved the line pointer to line G0. The computer ignored the REM 
statement and moved the pointer to line G5. 

Perform the subroutine Line G5 told the computer to print TWO on 
the output. Line 7 0 told the computer to take the card from the return 
address stack and move the pointer to line 20, the number on the card. 
Line 20 then told the computer to print THREE on the screen. The 
computer then moved the pointer down a line, to line 55. The picture 
above shows how the computer model looks at that point. 

Keep-performing statements This time, there is no END state¬ 

ment. The RUN program keeps going. The computer performs line 55. 
That is a blank statement. It is like a REM: Both tell the computer to do 
nothing. Next, the computer moves the line pointer down a line to line 
G0. 

Perform subroutine again The line pointer Jails into the subrou¬ 
tine” by accident. Line G0 is a REM, so the computer does nothing and 
then moves the line pointer down to line G5.Itisa PRINT statement, 
so the computer prints TWO on the scroll and moves the pointer down 
again. 
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Perform the RETURN The pointer now points at the RETURN state¬ 

ment. Here is the picture. 

Notice two things now. First, there is an extra TWO on the output. (You 
just saw how it got there.) Second, there is no card on the return address 

stack. 
Error message This is the point at which the computer first dis¬ 

covers the hug in your program. By the rules for performing the RETURN 
statement, the computer is supposed to remove the top card from the 
return address stack. But there is no card there. What return address 
do you think the computer should use? The computer has no way of 
telling, so it stops the R U N program and prints the ? R E T U R N WITHOUT 

GOSUB ERROR message. 
A weakness in BASIC The real error in your program was the miss¬ 

ing END statement. It would have been more helpful to get an error 
message as soon as the line pointer ‘Tell into the subroutine,” but the 
computer waited until it reached the RETURN statement before it gave 
the error message. If the subroutine is a long one, you wait a long time 
for that error message. Unfortunately, in BASIC there is no way for the 
computer to tell whether the line pointer entered the subroutine by 
accident or on purpose. Most other computer languages make it impos¬ 
sible to perform subroutines by accident. Watch out for this bug. 
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The “Missing RETURN Bug” 
Another common subroutine bug is forgetting the RETURN statement 
at the end of a subroutine. Here is a program like the one you have been 
studying, except that the RETURN statement is missing this time. 

10 PRINT "ONE" 
15 GOSUB 60 
20 PRINT "THREE" 
50 END 
55s 
60 REM--8UB TWO 
65 s s PRINT "TWO" 

Let’s look at the computer model after the computer has performed lines 
10 and 15. Here is the picture. 

Here is what happened: Line 1 0 told the computer to print ONE on the 
output scroll. Line 1 5 told the computer to put a card with 20 written 
on it on the return address stack. The computer then moved the line 
pointer to line 60. 
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Perform the subroutine Line G0 is a REM statement, so the com¬ 
puter just moves the pointer down a line. Line G5 tells the computer to 

print TWO on the output. 
Move the pointer down and stop Now the computer follows the 

rules of the RUN program and moves the pointer down a line. Since 
there are no BASIC statements after line G5 now, the RUN program tells 
the computer to stop. Here is the computer model at that final point. 

Notice that the return address card is still on the stack. But there was 
no RETURN statement to tell the computer to use it. In some versions of 
BASIC, the computer will notice the extra card on the stack and will 
print a message, such asGOSUB WITHOUT RETURN, after the program 

ends. 
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The “double whammy” The worst subroutine bug occurs when you 
have two subroutines in a row and you leave out the first RETURN 
statement. Here is an example. This is the correct program. 

10 PRINT "ONE" 
15 GOSUB G0 
20 PRINT "THREE” 
25 GOSUB 80 
50 END 
55 ; 
80 REM--SUB TWO 
85s s PRINT "TWO" 
70 RETURN 
75s 
80 REN--SUB FOUR 
85 s s PRINT "FOUR" 
80 RETURN 

You ran this program in Session 26 and saw it produce the following 
output: 

ONE 
TWO 
THREE 
FOUR 

The buggy program Now, suppose that by accident you leave out 
the RETURN in line 70. The program now looks like this: 

10 PRINT "ONE" 
15 GOSUB 80 
20 PRINT "THREE" 
25 GOSUB 80 
50 END 
55 s 
80 REM--SUB TWO 
G5s s PRINT "TWO" 
75 s 
80 REM--SUB FOUR 
85s s PRINT "FOUR" 
90 RETURN 

You ran this buggy program in Session 26 and saw this output: 

ONE 
TWO 
FOUR 
THREE 
FOUR 
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Where do you think the extra FOUR came from? Why didn’t the com¬ 
puter find your error? The answer is that the computer never sees an 
error. Your G □ S U B G 0 statement says to perform the subroutine start¬ 
ing in line G0. But the computer sees no RETURN statement until line 
00. To the computer, subroutine TWO runs all the way from line G0 to 
line 00. So it prints TWO and FOUR on the screen. Then line 20 
prints THREE. Finally, line 25 performs the subroutine in lines 80 to 

00, which prints FOUR. 
Avoiding bugs The surest way to avoid these bugs is to pay careful 

attention to the form of your program. Put blank statements between the 
main program and the subroutines. The blanks make it easy to see 
whether there is an END statement. Indent the body of each subroutine. 
Indentions will make it easy to match the opening R E M of each subrou¬ 
tine with its closing RETURN statement. 

One Subroutine Performs Another 
You have seen how to use a subroutine to create a new action. The 
GOSUB statement tells the computer to perform the new action. All the 
GOSUB statements so far in this session have been in the main pro¬ 

gram. But in Session 26, you saw that it is possible to use a GOSUB 
statement inside the body of a subroutine. (This is called a nested 
GOSUB.) 

Sample program Here is the program you ran in Session 26 to 
demonstrate nested GOSUBs. It contains two subroutines. 

10 GOSUB 50 
15 END 
20 s 
50 REM--SUB 1 
55;s GOSUB 75 
G0;s PRINT "THERE” 
G5 RETURN 
70 s 
75 REM--SUB 2 
80S!; PRINT "HI" 
85 RETURN 

The main routine is in lines 10 and 15. The GOSUB in line 10 tells 
the computer to perform the first subroutine, which is in lines 50 to 
G5. Line 55, m the body of the subroutine, is a GOSUB. Line 55 tells the 
computer to perform the second subroutine, in lines 75 to 85. How do 
you think the computer performs this program? What will appear on 
the output screen? 
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The model computer The best way to answer these questions is to 
see how the model computer would run the program. Here is the initial 
state of the output scroll and the memory chalkboard. 

Perform GOSUB The computer starts by performing line 10, the 
first GOSUB statement. It tells the computer to write 15 (why?) on a 
card and put it on the return address stack. Then it tells the computer 
to move the line pointer to line 50 (why?). Here is the new state. 

Notice the card on the return address stack. 
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Drop pointer, perform GOSUB Line 50 is a REM statement, so the 
computer just moves the pointer down to the next line, line 55. It is 
another GOSUB statement. Following the rules for a GOSUB, the com¬ 
puter writes B0, the next line number, on a card and puts the card on 
the top of the return address stack. Then the computer moves the line 
pointer to line 75 (why?). Here is the picture after the computer per¬ 

forms the second GOSUB. 

Notice that there are two cards on the return address stack. The top one 
has B0 written on it, and the bottom one has 15 written on it. 

Drop pointer, perform PRINT Line 75 is another REM, so the com¬ 
puter drops the pointer down a line to line 80. It is a PRINT statement, 
so the computer prints HI on the output scroll. Then the computer 
moves the pointer down to line 90, the RETURN statement in 
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the second subroutine. Here is the picture just before the RETURN is 
performed. 

Perform RETURN Now it is time to perform the RETURN in line 
90. Remember the rules. The computer must take the card from the 
top of the return address stack. It has G0 written on it. Then the 
computer must move the line pointer to that line. Here is the picture 
after the RETURN is performed. 

Notice that only one card is left on the return address stack. The num¬ 
ber on it is 15. 
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Perform PRINT and move pointer Now the computer must perform 
line G0, which says to print THERE on the scroll. After that, the com¬ 
puter drops the line pointer down to line G5, the RETURN statement for 
the first subroutine. Here is the picture just before the computer per¬ 

forms the RETURN. 

Perform RETURN The computer’s rules for doing the RETURN are 
the same as before. It must remove the top (and only) card from the 
return address stack. Then it must move the line pointer to the line 

number written on the card. It is line 1 5. On the next page is the pic¬ 

ture after it performs the RETURN. 
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Notice that the return address stack is now empty and the line pointer 
is back at the line after the first GOSUB statement. 

Perform END Finally, the computer performs line 15, which says 
to stop the RUN program. 

Matching GOSUBs with RETURNS This example shows you how the 
computer is able to put each RETURN statement together with the cor¬ 
rect GOSUB. The secret is in the return address stack. If the computer 
performs five different GOSUB statements, followed by five different 
RETURN statements, the return address stack tells the computer how to 
match the GOSUBs and RETURNS correctly. The first RETURN the com¬ 
puter performs automatically goes with the last GOSUB it performed. 
The second RETURN goes with the next-to-last GOSUB, and so on. 

A Subroutine That Has a GOSUB to Itself 
Now we can explain the last exercise you did in Session 26. Here is the 
program: 

10 REi1--SUB 1 
20 s s PRINT “AGAIN AND" 
25s s GOSUB 10 
30 RETURN 

When you ran this program in the immediate mode with GOSUB 10, 
the computer moved the line pointer to the beginning of the program. 
The computer ignored the R E N statement and moved the pointer to line 
20, the PRINT statement. Line 20 told the computer to print AGAIN 
AND on the screen. When the line pointer reached line 25, the computer 
put the number of the next statement (30 in this case) on the return 
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address stack. But the statement in line 25, GOSUB 10, moved the 
line pointer back to line 10, and the whole process started again. 

Stack overflow Each time the computer performed the subroutine, 
another line number 3 0 was put on the return address stack. Since the 
computer line pointer never reaches the RETURN statement, the com¬ 
puter did not remove any numbers from the return address stack. 

OUTPUT 

GOSUB 10 
AGAIN AND 
AGAIN AND 
AGAIN AND 
AGAIN AND 
AGAIN AND 
AGAIN AND 

MEMORY 

10 REM--SUB 1 
20 s s PRINT "AGAIN 

AND" 
25 s s GOSUB 10 
30 RETURN 

The stack can hold only so many numbers. If the stack is full and the 
computer tries to put another number on the stack, it stops the RUN 
program and prints ? □ U T □ F N E M □ R Y E R R □ R I N L I N E 2 5 saying that 

the (stack) memory is full. 

QUESTJDI^IB 
1. If you leave out the END statement at the end of the main 

routine, the line pointer “falls into a subroutine.” What makes 
the line pointer move down from the main program into the 
subroutine? 

2. Here is a program with a missing END statement: 

10 PRINT "GOOD" 
15 GOSUB 30 

30“rEM--SUB 1 
35s s PRINT "NEWS" 
40 RETURN 
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What will appear on the output screen after the program is 
run? 

3. In the program on page 145, why did the computer treat sub¬ 
routine FOUR as part of subroutine TWO when you left out the 
RETURN statement in line 70? 

4. How can you best avoid subroutine bugs? 

5. A program ends and there is still a card on the return address 
stack. How could that happen? 

6. What does the computer do if it tries to perform a RETURN 
statement when the return address stack is empty? 

7. A program contains two subroutines. The main routine con¬ 
tains a GOSUB to the first subroutine. When the program is 
run, the computer performs both subroutines. What bug made 
this happen? 

8. The computer performs five GOSUB statements and then two 
RETURN statements. How many cards are on the return ad¬ 
dress stack? 

9. Here is a program with two subroutines, 

10 PRINT “START” 
15 GOSUB 55 
20 GOSUB 35 
25 END 
3011 
35 REM-~SUB 1 
4011 s PRINT “ONE” 
45 RETURN 
50-. 
55 REN--SUB 2 
B011S PRINT “TWO“ 
G51111 GOSUB 35 
70 RETURN 

Write a list of line numbers in the order that the computer 
performs them. 
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^ Reading Complex 
Programs 

IN • Read a long program on your diskette, 
THIS SESSION • Use the main routine os o guide to the subroutines. 

YOU WILL: • Look for details in each of the subroutines. 
• Write on outline of the program. 

A Long Program 
In Session 22, you learned how to read programs that contain a main 
routine and a set of subroutines. You used the main routine the way you 
would use the table of contents in a book: The main routine gives you 
the main ideas and also tells you where to look for the details. All the 
programs you looked at in Session 22 were fairly short. Now look at a 
very long program: LITTLE TROT. You have probably run this pro¬ 
gram before, but it is a good idea now to review the way it works. Load 
LITTLE TROT from your diskette and run it one or two times. 

1. In your own words, what are the main things that LITTLE TROT 
tells the computer to do? Make a list of them. 

The Main Routine 
Like most programs on the diskette, LITTLE TROT is written in top- 
down style. But it is a lot longer than most others. Find the main 
routine and list it on your screen. 

2. What lines contain the main routine of LITTLE TROT? 

3. Look at the REM statements in the body of the main routine. What 
are the main things that LITTLE TROT tells the computer to do? 

The First Subroutine 
The first statement in the body of the main routine is GOSUB 400. 
The trailing REM says that this subroutine is named DEFINITIONS. 
Find this subroutine, and list it on your screen. 

Notice that the subroutine contains three statements you have not 
seen before: READ, DATA, and LET. Skip these details for now. Your 
goal is to find the parts of the program and see how they work together. 
The REM statements in this subroutine are more important for that 
purpose. 
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4. Look at the REM statements. What lines in the program would you 
have to understand if you wanted to change the colors of the turtles? 

5. Suppose you wanted to rewrite the program to work on a computer 
that has a graphics screen with 64 horizontal positions instead of 40. 
What lines would you have to understand? 

The Second Subroutine 
Now let’s move on to the next subroutine mentioned in the main rou¬ 
tine. List the main routine again. Use it to find the START RACE 
subroutine. List it. 

As before, the best thing to do when you first look at a subroutine is 
to look for the main ideas and avoid details. The REM statements inside 
START RACE tell you what those main ideas are. 

6. In your own words, what do you think this subroutine tells the 
computer to do? 

7. Suppose you deleted line G10. Look at the trailing REM statement. 
What do you think would happen if you ran the program 
without line B 1 0? 

Looking Deeper 
Line B1 0 in subroutine START RACE is a GOSUB to another subrou¬ 
tine. In long programs, the work of a single subroutine is often very 
large. It makes sense to divide the task and put the small details in 
other subroutines. Use line 610 as a guide and find subroutine 
BACKGROUND. List it. 

8. What do you think subroutine BACKGROUND tells the computer to 
do? Explain in your own words. 

9. The task of this subroutine is also large. What details did the 
writer put into other subroutines? 

The Lowest Level 
The last line of the body of subroutine BACKGROUND is a GOSUB to 
subroutine TITLE. In Session 16, you looked at the statements in 
TI TLE, so they may be familiar to you. Find subroutine TITLE, list 
it, and read tbe lines in it. All the statements should be familiar to 
you this time. 

10. What does subroutine TITLE tell the computer to do? 

11. Why do we say this subroutine is “at the lowest level”? (Hint: Look 
for GOSUB statements inside TITLE.) 
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Outlining the Program 
A good way to get a clear idea of a long program is to outline it. The 
headings in the outline are the GO SUBs in the main routine. If a sub¬ 
routine contains GOSUBs, they become subheadings in the outline. A 
partial outline of program LITTLE TROT begins like this: 

GOSUB d00s REM--DEFINITIONS 

GOSUB G00S RE11--START RACE 

GOSUB 2200; REM--BACK GROUND 

GOSUB 2400; REM--BOX 
GOSUB 2B00; REM--TITLE 

GOSUB 800; REM--DRAN 

Write a complete outline of program LITTLE TROT. Indent 
to make your outline easy to read. You will need about 10 minutes 
to write the outline. 

Another Version of the Program 
The writer of program LITTLE TROT was very careful to make the 
program easy to read, easy to understand, and easy to change. Not all 
programs are written this way. Some writers care more about making 
programs short or making them run fast than they do about readabil¬ 
ity. Program SPAGHETTI on your diskette is an example. It does every¬ 
thing LITTLE TROT does, but it is faster and shorter. 

Load SPAGHETTI from the diskette. Run it a few times. List 
it by 100-line groups. Try to read it and understand how it works. 

12. Which version of the program, LITTLE TROT or SPAGHETTI, do 
you like better? Explain your answer. 

13. If you had to make improvements in the program, which version 
would you prefer to work with, and why? 

If you have extra lab time: EXPLOflE 
■ Programs LITTLET ROT and SPAGHETTI both tell the computer to 

print the title LITTLE TROT on the screen. Change program 
LITTLE TROT so that the title becomes LITTLE TRIP. 

■ Now change program SPAGHETTI so that the title becomes LITTLE 
TRIP. 
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Subroutines: Tools for 
Thinking 

IN • Review the idea of levels of detail in o progronn. 
THIS SESSION • Learn that newspaper stories, English compositions, and 

YOU WILL: cookbook recipes ore structured by level of detail. 
• Study the structure of on everyday activity. 
• Learn what spaghetti programming is. 

Solving Complex Problems 
In Sessions 25 through 27, you learned many details about the GOSUB 
and RETURN statements and how they work. These details are impor¬ 
tant, but you should also keep in mind why these statements are valua¬ 
ble: They allow you to break down a complex program into simpler 
subroutines. 

Divide and conquer In Session 28, you saw how a program writer 
handled a long, complex problem by using subroutines. The main, or 
top-level, part of program LITTLE TROT has only six lines. The main 
program says to do these things: 

1. Define some numbers for later use. 

2. Put turtles at the starting gate. 

3. Run the race. 

4. Show the winner. 

5. Set text mode. 

6. Clear the screen. 

At the top level, this program is very simple. The English sentences say 
what the computer must do first, second, third, and so on. It is clear that 
if the computer did those things, we would see a turtle race. 

Levels of detail The description in the main routine, however, is 
not very specific. How does the computer “run the race” or “show the 
winner”? The top-level version of the program is simple because the 
writer hides the details somewhere else. You can find what “run the 
race” means by reading the subroutine listing and seeing what it says. 

More details If the job of a subroutine is also complex, then the 
writer can simplify it the same way: by hiding details in other, lower- 
level subroutines. The lower the level of the subroutine, the more de¬ 
tails one finds there. The bottom level is pure detail: There are no 
GOSUBs to other routines. 
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Level Structure 
In a computer program, it is easy to tell the level of any part. The main 
routine is the top level. The GOSUBs in the main routine are the second 
level. The G □ S U B s of the second level refer to G □ S U B s at the third level, 
and so on. You saw in Session 28 that you could make an accurate 
outline of the level structure of a program just by reading the listing. 

Newspaper stories Other things besides computer programs have 
this same level structure. Nearly all newspaper reports are written in 
top-down style. The headline is the title. Two or three sentences in the 
first paragraph say in just a few words what the news is. The next two 
or three paragraphs give details about the first sentence. The next few 
paragraphs give details about the second sentence. In a long report, 
later paragraphs tell the story in even greater detail. 

English compositions When you outline a paper that you are going 
to write, you use top-down methods. The main headings are the top- 
level version of the paper. The subheadings give details about what the 
headings mean. Lower-level subheadings give even more detailed infor¬ 
mation. 

Recipes Most recipes are also written in top-down style. Begin¬ 
ning cooks discover this fact quickly. In just a few sentences, the recipe 
tells what ingredients to use and how to use them. First, they read the 
top-level version of the recipe: In cookbooks for beginners, detailed in¬ 
structions follow. In advanced cookbooks, the writer assumes you al¬ 
ready know what “drawn butter,” “blanched carrots,” and “sauce vinai¬ 
grette” are. If you need more details, you must go to the index and look 
up each “subroutine.” 

Levels of Meaning 
The reason level structures show up so often in writing and thinking is 
that most activities are organized into levels. For example, if we asked 
you to tell what you do before going to school or work, you might say, “I 
get up. I have breakfast. Then I catch the bus.” That description is 
correct, but it leaves out the details. It is a top-level description. 

The getting-up subroutine Suppose we asked you what getting up 
means. You might say, “I get out of bed, do bathroom chores, make the 
bed, and go downstairs.” That is a lower-level description of getting up. 
But we could ask for even more details. 

The getting-out-of-bed subroutine Suppose we asked next what 
getting out of bed means. You might answer, “I turn off the alarm, 
throw back the covers, and put on my slippers.” That answer is a low- 
level description of your morning activities. That is not the end of what 
you know, though. We could ask you how you turn off your alarm. 

More subroutines To answer each question, you have to recall tiny 
details that you do not think about often. But the information is in your 
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memory. With a little effort you can answer questions in more and more 
detail. Each answer is like a subroutine at a lower level. 

Choosing the right ievei Suppose you are trying to understand 
something, or solve a problem, or help someone learn a new skill. The 
work goes best if you pay attention to the idea of levels of knowledge. If 
a friend asked you what you did this morning, would you begin your 
answer by saying you used your left hand to squeeze toothpaste onto the 
toothbrush in your right hand? This would confuse your friend. It is too 
much detail at the beginning. But if you said “I got up,” your friend 
would probably feel that you were not telling very much. Yet both an¬ 
swers are true. 

Top-down thinking It is important to pay attention to these levels 
of detail when you are writing for the computer (or writing in English 
or just thinking about things). As a rule, it is a good idea to put off the 
details and begin with the main ideas. Once the main ideas seem right, 
go down a level and start filling in the details. If the details are com¬ 
plex, you may want to put them off even further. This top-down ap¬ 
proach to thinking about things lets you divide very complex problems 
into small pieces that are usually easier to handle. 

Spaghetti thinking If instead you plunge into the problem and put 
one program statement (or English sentence or idea) after the other 
without planning, the result will be like a tangled mess of spaghetti. It 
will be hard to see any pattern or purpose. People will not understand 
what you write and think, even when it is correct. In the world of com¬ 
puting, this approach is called spaghetti programming. But if you 
look carefully, you can find examples of spaghetti writing and spaghetti 
thinking all around you. 

1. How can you find the level structure of a BASIC program? 

2. Can you find the level structure of a newspaper story? Clip one 
from the paper and draw a box around the top-level part. Find 
details later in the story for each sentence in the box. 

3. Can you find the level structure of a recipe? Clip one from the 
newspaper and draw a box around the top-level part. Then look 
for detailed explanations. 

4. Could a beginner use the recipe from question 3? Or would a 
beginner need more? If so, what details are left out? 

5. How would you describe some everyday task at the top level? 
At lower levels? 

6. What is spaghetti programming? What is wrong with it? 
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HEIIJEKI Part 4 
Vocabulary Table 
Words printed in color were introduced in this part. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN LOAD SPEED= GOSUB 
LIST SAUE FLASH RETURN 
NEW DELETE PRINT INUERSE END 
DEL CATALOG REM NORMAL 

LOCK PLOT C0L0R= 
UNLOCK HLIN TEXT 

ULIN GR 
HOME 

New BASIC Words 
END A statement that tells the computer 

to stop performing the program. 
G0SU5 A statement that tells the com¬ 

puter to perform a subroutine. 
RETURN A statement that ends a sub- 

New Ideas 
action statement A statement that tells 

the computer to perform some action. 
After performing an action statement, 
the computer goes to the next state¬ 
ment in the program listing. 

body The statements inside a main rou¬ 
tine or a subroutine. 

control statement A statement that tells 
the computer to move the line pointer 
or stop the program. 

routine. RETURN tells the computer to 
return to the statement after the 
GOSUB statement that told the com¬ 
puter to perform the subroutine. 

main routine The program block at the 
beginning of a BASIC program. The 
body of the main routine is mainly 
GOSUB statements to subroutines, 

nested subroutine A subroutine reached 
by a GOSUB statement in another sub¬ 

routine. 
subroutine A block of statements that 

defines a new action. The action is per¬ 
formed by a GOSUB statement. 
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computer programs. The purpose of the 
program is defined generally in the 
main routine, and subroutines fill in 
missing details. 

return address stack A part of the mem¬ 
ory of the computer. The stack contains 
line numbers needed to perform the 
RETURN statements, 

top-down design A way of structuring 

Above: Once, we only used the telephone to talk to 
other people. Right: Today, we can use It to “talk” to a 
computer. 
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Naming Things: Data and 
Variables 

You are now about halfway through this course. You have learned all 
the important BASIC statements that control output. The PRINT state¬ 
ment tells the computer to print characters on the text screen. S P E E D =, 
FLASH, INMERSE, and NORMAL tell it to print the characters at differ¬ 
ent speeds or in different modes. PLOT, HLIN, OLIN, and COLOR = tell 
it to draw colored dots or lines on the graphics screen. 

Input and processing Besides output, a computer can do input and 
processing. Every computer language can tell the computer to perform 
input, processing, and output. Part 5 of this course introduces BASIC 
statements for input and processing. The INPUT statement tells the 
computer to stop and wait for you to type words or numbers. The LET 
statement tells it what to do with those words or numbers. 

Data In the world of computers, a word or a number is called a 
piece of data. The INPUT statement tells the computer to wait for you 
to enter data. The LET statement tells it how to process the data. The 
PRINT and PLOT statements tell the computer to output data. 

A new problem Suppose you want to write a program that tells 
the computer to do two things: Ask the user for a piece of data, and then 
print the same piece of data on the screen. You know that PRINT 
” HOT " tells the computer to print HOT on the screen. But how can you 
write a PRINT statement that tells it to print whatever word you type? 

Nam©s for data The answer is important. Every programming 
language lets you give names to the pieces of data in a program. For 
example, suppose you use the name W0RD$ to stand for whatever piece 
of data you want to enter. When you tell the computer to PRINT 
N0RD$, the computer prints the piece of data that N0RD$ stands for. 

Variables Data that have names are called variables. Part 5 of 
this course will show you how variables work and how to use them in 
INPUT, LET, PRINT, and other statements. 

163 



Similar 
Subroutines 

IN • Use the TAB feature of the PRINT statement. 
THIS SESSION • Put TAB into your big-letter subroutines in program NAMES. 

YOU WILL: • Find out why it is helpful to vary the way o subroutine works 
without having to write o new subroutine for each 
variation. 

Using TAB in a PRINT Statement 
So far, whenever you have used a PRINT statement, the computer has 
started its output at the left edge of the screen. In this section, you will 
find out how to tell the computer to start output at other places. 

Start the computer with your diskette in the usual way. Then 
proceed with the following activities. 

10 HOME 
20 PRINT “->“ 
RUN 

30 PRINT TAB (5); "->” 

LIST 

RUN 

Your program prints an arrow at the left of 
the screen. 
Be sure to use a semicolon after TAB ( 5 ), 
not a comma. 
Check the program. 

Notice where the second arrow is. 

Add three more PRINT statements that tell the computer to print 
the arrow in columns 10, 20, and 35. Run the program. 

Next, put a HOME statement ahead of each PRINT statement. 
Can you guess what that change in the program will make the 
computer do? Run the program and see whether you are right. 

Finally, put a SPEED= statement at the beginning to slow 
down the arrow. Be sure to reset the top speed (255) at the end of 
the program. 

1. How can you tell the computer to print an X in column 23 of the 
screen? 

2. What does TAB (5) in a PRINT statement tell the computer to do? 
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More Facts about TAB 
You have seen that TAB followed by a number in parentheses changes 
the way the PRINT statement works. Now you will learn some new 

HOME 
NEU 

facts about the TAB state 

PRINT 
PRINT 

"X" 
TAB (1)5 "X” 

PRINT TAB (40); "X" 
PRINT TAB (41)5 "X” 

PRINT TAB (1)5 "X" 
PRINT TAB (41)5 "X" 
PRINT TAB (81 ) ; "X" 

Erase screen and memory. 

Now you know where TAB position 1 is. 

Look carefully. TAB position 41 is not the 
same as TAB position 1. 

See the difference. 

3. Where on the screen is TAB position 1? 

4. What is the TAB number of the right-hand column on your screen? 

5. How is TAB ( dl ) different from TAB ( 1 )? 

Using TAB in Your NAMES Program 
In Session 24, you wrote and saved on your diskette a program called 
NAMES. It contains two subroutines, BIG N and BIG A, made up of 
several PRINT statements that tell the computer to draw big letters on 
the screen. By changing the main routine, you made the program print 
Ana, Nan, and Ann s names in big letters. Here is how one person’s 
program looked when it was run: 

•M-# 

#***•)(•* 

•M-* ** 

****** ** *** *** *** 
*** *** *** ** 
****** ** *** *** *** 
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Load your program NAMES now. Run it. If necessary, change 
the main routine to print Ann’s name in big letters. 

Now for a change: Suppose you want to print Ann’s name like this: 

You have just learned how to use TAB in a PRINT statement to 
change where on the screen the computer starts to print. 

Add TAB (11) to the PRINT statements in the SIGN subrou¬ 
tine in your NAMES program. Run the program. Find out whether 
the program put Ann’s name diagonally on the screen, as shown 
above. Save this version of program NAMES on your diskette. 

6. Why does the program start both Ns in column 11? 

7. Would you solve your problem if you changed the TAB of BIG N 
from 11 to 21? 

Making Another Subroutine 
Changing TAB from 11 to 2 1 would not solve the problem: The com¬ 
puter would not print Ann’s name diagonally. TAB (11) is right for the 
first big N, but it is wrong for the second N. You need a T A B (21) for 
the second big N. 

There is no way to write TAB (11) and TAB (21) at the same 
time. There is a solution to your problem, but it means a lot more typ¬ 
ing. Your program could have two different subroutines for the big N: 

one with TAB (11) in the PRINT statements and the other with 
TAB ( 21 ). To make the second subroutine, you would have to copy all 
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the statements in B IG N and change TAB (11) to TAB (21) in every 
PRINT statement. 

It does not seem right that such a small change should take so 
much typing. You may be thinking that there must be an easier way to 
solve your problem. There is. You will learn about it in the next session. 

8. How does a second B I G N subroutine solve the problem of printing 
Ann’s name diagonally? 

9. What new subroutines would you have to add to program NAMES to 
make it print Ana’s name diagonally? Nan’s name? 

If you have extra lab time: E«PJ.aRE 
■ Write a program that uses three subroutines to draw three different 

boxes on the graphics screen. One subroutine should draw a box 
around the border of the screen. (Program SUB P I CTURES has a sub¬ 
routine that draws such a box.) Another subroutine should draw a 
smaller box 8 units in from all the borders. The third should draw a 
still smaller box 16 units in from the borders. Notice how similar the 
three subroutines are. How many subroutines would you need if you 
wanted a program that drew 20 different boxes nested inside one an¬ 
other? 

■ Load program BOXES from your diskette into the computer. Run the 
program. List the program and study the subroutine that draws a 
box. The program drew many boxes, but it has only one BOX subrou¬ 
tine. You will learn how it works in the next few sessions. 
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^ Why Variables Are 
“ Needed 

IN • Review the TAB feature of the PR I NT statement. 
THIS SESSION • Find out what a variable is. 

YOU WILL: • Use a variable in the BIG N subroutine. 

Review of TAB 
In your computer work in Session 30, you found out about the TAB 
feature of the PRINT statement. You used T A B in your NAMES program 
to tell the computer to start printing the big letters in different columns 
of the screen. 

Text-screen size Your Apple II computer can print characters in 40 
columns across the text screen. You learned in Session 30 that TAB ( 1 ) 

tells the computer to print the next character in the first column from 
the left. TAB ( 40 ) tells it that the next character should go in the last 
column from the left. The columns are numbered differently on the 
graphics screen; there the first column is zero and the last column is 39. 

Lines wider than screen You also learned in Session 30 that you 
can use numbers above 40 with TAB. Column 40 is the last available 
position on the screen. But the computer can handle print lines that are 
wider than the screen. When the computer prints such a long line, it 
puts the first 40 characters on one line, the next 40 on the next line, and 
so on. We say these long lines are folded on the screen. So TAB (41) 
refers to position 41 in the print line, not the screen. After the com¬ 
puter folds a line, position 41 appears on the screen one line below and 
in column 1. 

Maximum print line The longest print line allowed on the Apple II 
computer is 255 characters long. For this reason, you can follow the 
TAB statement with numbers from 1 to 2BB. These long lines may not 
seem very useful on your small screen, but they are important in pro¬ 
grams that send their output to a printer, which may print characters 
in 80 or 132 or even more columns. 

TAB errors You will get an ? I LLEGAL QUANTITY ERROR message 
when you use -1 or 256 as TAB positions. All negative numbers are 
illegal TAB positions. So is 256 or any larger number. 
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Using TAB 

In Session 30, you added a T AB ( 11 ) to the PR I NT statements in your 
BIG N subroutine in program NAMES. The program looked like this; 

100 REM--PROGRAM NAMES 
110:; HOME 
120;; GOSUB 600; REM--BIG A 
130;; GOSUB 400; REM--BIG N 
140;; GOSUB 400; REM--BIG N 
150 END 
390: 
400 REM--SUB BIG N 
410:; PRINT 
420; ; PRINT TAB (ID! 
430;; PRINT TAB (11)5 
440; ; PRINT TAB (11)5 
450;: PRINT TAB (11); 
4B0;: PRINT TAB (11); 
500 RETURN 
590 ; 

•M-# 

B00 REM--SUB BIG A 
B 1 0 s s PRINT 
B20S s PRINT '< .JJ. .Jf. !l 
B30S ; PRINT ■' * * " 
B40S ; PRINT " .jf n 

B50S ; PRINT " ^ ^ * * " 
BB0S s PRINT ” * * * * * * 
700 RETURN 

Output When you ran this version of NAMES, the output screen 
looked like this, with each of the big Ns beginning in column 11: 

****** ** ** *** *** 
*** *** *** ** 
****** ** *** *** *** 

*** *** *** ** 
****** ** *** *** *** 
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A new problem You were trying to make the program print Ann’s 
name along a diagonal line. The first big N was in the right place, but 
you wanted to have the second one start in column 21. To do that, you 
could write a new subroutine. It would be exactly like the B I G N sub¬ 
routine, except that you would substitute TAB (21) for TAB (11). 
Your new subroutine would look like this: 

800 REM--SUB BIG 
810SS PRINT 
820s s PRINT TAB 
830s s PRINT TAB 
8a0s s PRINT TAB 
850 s s PRINT TAB 
8G0S s PRINT TAB 
900 RETURN 

N AT 21 

(21)? "*** 

(21) ? " *** 

(21)? " ******" 
(21 ) ? •' ** ***" 

( 21 ) ? ***" 

The Need to Vary Things 
To put a big letter in any column of the screen, you would need 30 or 
more different subroutines. You are probably thinking that there must 

be a better way. There is. 
Small changes The two BIG N subroutines you need are almost 

identical. The only difference is the TAB number in each one. A very 
small change makes one subroutine become the other. This fact is a 
signal to you: As a general rule, whenever you see two big blocks of 
statements that are almost identical, it means that there is a simpler way 

to write the program. 
Putting things off The problem with your two B I G N subroutines is 

that each one is tied down to its own TAB position. The first one is 
bound to print in column 11, and the second one is bound to print in 
column 21. Life would be much simpler if you could write a single sub¬ 
routine that was not tied dov/n to any one TAB position. Then, you 
could give the TAB position in the main routine and G 0 8 U B to the 

subroutine. 
Names for things You would not tie down your subroutine if you 

had a way to write something that could stand for the TAB position 
without actually being the position. In other words, you need a name 
that stands for 11 or 21 or any other column on the screen. The name, for 
example, might be COLUMN. Then you could write a single B I G N sub¬ 

routine similar to this: 

400 REM--SU 
ai0ss PRINT 
420?s PRINT 
430ss PRINT 
440SS PRINT 
450ss PRINT 
4G0SS PRINT 
500 RETURN 

BIG N 

TAB (COLUMN) 
TAB (COLUMN) 
TAB (COLUMN) 
TAB (COLUMN) 
TAB (COLUMN) 

? “ * * * * * * " 

5 " *** 
5 H ^ ^ ^ ^ ^ " 
° l> ^ ^ ^ ^ ^ 
S ” * -M- * -M- * * ” 
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Things for names Now the subroutine is no longer bound to print 
in any one column. Instead, the main routine tells what the name 
COLUMN stands for. Here, in a mixture of BASIC and English, is how 
you could write the main routine: 

100 REM--PROGRAM NAMES 
110:: HOME 
120:: GOSUB B00: REM--BIG A 
125:: let COLUMN stand for 11 
130:: GOSUB 400: REM--BIG N 
135:: let COLUMN stand for 21 
140;: GOSUB 400: REM--BIG N 
150 END 

How it works Line 125 tells the computer what COLUMN stands 
for. Line 130 tells the computer to perform the BIG N subroutine. 
Inside the subroutine, the computer substitutes the number 11 for the 
name COLUMN wherever the name appears. Then line 135 tells the 
computer to forget the old meaning of COLUMN and to give it a new 
meaning. Line 14 0 tells the computer to perform BIG N again. This 
time, the computer substitutes the number 21 for the name COLUMN. 

Data and variables In the world of computers, numbers such as 11 
and 21 are examples of data. All programming languages allow you to 
use names such as COLUMN to stand for data. In the example above, the 
thing COLUMN stood for varied: first it was 11, and then it was 21. That 
is why a piece of data that has a name is called a variable. In the 
example above, COLUMN is a variable. On the other hand, 11 always 
equals the number 11. So 11 is called a constant. 

Variables in real life The idea of variables and constants is not 
limited to computer programs. You use these ideas all the time in 
everyday situations. Suppose you are explaining the rules of softball to 
a friend. You might begin by saying, “The pitcher throws the ball to the 
catcher, and the batter tries to hit the ball.” In a real game, however, 
Susan might throw the ball to Jeff, while Amy tries to hit the ball. You 
used the word pitcher to stand for whoever was doing the pitching. In 
other words, pitcher is a name that stands for the person doing the 
pitching. Susan is always Susan, and Amy is always Amy: They are 
constants. But the pitcher can be anyone: The pitcher is a variable. 

Why variables are needed Imagine how difficult it would be to 
describe the rules of softball (or any other rules) if you could not use 

variables. You would have to say, “Susan throws the ball to Jeff.” If 
Charles relieves Susan as pitcher, the rule would have to change to 
“Charles throws the ball to Jeff.” You would need a different set of rules 
for every combination of people and positions on the the team. If you 
dislike the idea of writing 30 or 50 B IG N subroutines, you probably 
hate the thought of explaining 6,402,373,705,728,000 different sets of 
rules for softball. 
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Variables in BASIC BASIC, like every other programming lan¬ 
guage, gives you a way to use names to stand for actual data. In other 
words, BASIC lets you use both constants and variables. TAB ( 21 ) 

uses a constant, and TAB (COLUMN) uses a variable. 
Looking ahead In Session 32, you will explore the way variables 

and constants work in BASIC. You will find that there is more than one 
type of data. Also, you will learn a new statement that tells the com¬ 

puter what the name of a variable stands for. 

QUESTJDI^S 
1. Suppose you tell the computer to print a line of 100 X’s. What 

will the computer do? 

2. What is the TAB position of the left edge of the screen? The 
right edge? What is the TAB position of the longest print line? 

3. Using only constants for the TAB position, you needed two 
BIG N subroutines to print Ann’s name along a diagonal 
line. Why couldn’t you use the same subroutine for both big 

Ns? 

4. What is the difference between a variable and a constant? 

5. Why is it better to use a variable than a constant in your 
BIG N subroutine? Explain in your own words. 

6. What is the purpose of line 1 25 in the main routine on page 

171. 

7. The United States Constitution says that the president is the 
commander-in-chief of the army. Is president a variable or a 

constant? What about army? 
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Exploring 
Variables ” 

IN • Use variable names in PRINT statements. 
THIS SESSION • Use LET statements to say what variable names stand for. 

YOU WILL: • Use numeric variables and string variables. 
• Discover common errors in using variables. 

The LET Statement 
In Session 31, you learned that it was possible to give a name to a piece 
of data. Let’s start this session by exploring this idea on the computer. 

Start the computer with your diskette as usual. Then begin 
the following activities. 

HOME 
NEN 

PRINT 1984 

PRINT YEAR 

LET YEAR = 1984 

PRINT YEAR 

LET YEAR = 
PRINT YEAR 

2001 

LET YEAR = 
PRINT YEAR 

1492 

PRINT YEAR 

NEN 
PRINT YEAR 

Erase screen and memory. 

You should see 1984 under PRINT. 

Notice the 0. This is something new. 

This is also new. Watch carefully. 

There is no 0 this time. 

You should see 2001 under PRINT. 

The same PRINT statement does different 
things. 

The computer remembers what Y EAR last 
stood for. 

Now it has forgotten. 

1. What do you think the statement LET YEAR = 2001 tells the com¬ 
puter? Explain in your own words. 

2. You used the statement PRINT YEAR six times, and each time the 
computer printed something different. Why? 

3. What did YEAR stand for after you entered the NEN command? 
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Another Type of Data 
You just explored the use of a variable. The name of the variable was 
YEAR. You used the LET statement to specify what data YEAR stood 
for. The data were all numbers. There is another type of data in BASIC. 

PRINT DAY 

PRINT DAY$ 

LET DAY$ = "MONDAY" 

PRINT DAY$ 

LET DAY$ = 
PRINT DAY$ 

"BIRTHDAY" 

NEN 
PRINT DAY$ 

Another 0 should not surprise you. 

Be sure to use a dollar sign ($). Only a 

blank line was printed. 
Be sure to use quotation marks. 

Note what was printed. 

Note the new output. 

DAY$ no longer stands for BIRTHDAY. 

Like YEAR, DAY$ is a name that stands for a piece of data. But this 
time the data are not numbers. Instead, they are English words. This 
type of data is called string data because a word is just a string of 

characters. DAY$ is the name of a string variable. "MONDAY" and 
"TUESDAY" are string constants. YEAR is the name of a numeric 
variable; 1084, 2001, 1402, and 0 are numeric constants. 

4. What does the statement LET DAY4 = "BIRTHDAY" tell the com¬ 

puter? Explain in your own words. 

5. What does a string variable stand for after you enter the NEW com¬ 

mand? 

6. What does a numeric variable stand for after you enter the NEW 

command? 

Data-Type Errors 
Now is a good time to see what happens when you accidentally use a 
string where you should use a number, or vice versa. 

LET YEAR = 1984 

LET YEAR = "LEAPYEAR" 

LET YEAR$ = "LEAPYEAR" 

LET YEAR$ = 1984 

LET YEAR$ = "1984" 

That should be OK. 

That is not allowed. 

That’s better. 

That won’t do. 

But that is OK. 

YEAR is a numeric-variable name, and 1084 is a numeric constant. 
YEAR$ (pronounced “year-string”) is a string-variable name, and 
"LEAPYEAR" is a string constant. 
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7. When did the computer print the message ?TYPE MISMATCH 
ERROR? 

8. How do you think the computer tells the difference between a nu¬ 
meric-variable name and a string-variable name? 

9. How do you think the computer tells the difference between a nu¬ 
meric constant and a string constant? 

Name Errors 
We have been using the names YEAR, YEAR$, DAY, and DAY$. You 

may have wondered how much freedom you have in picking names. 
Let’s see. 

NEN 
LET YEAR = 2001 

PRINT YEAR 

PRINT 
PRINT 
PRINT 

YEARN 
YES 
YE 

PRINT Y 

That says what YEAR stands for. 

No surprises here. 

Something strange is happening. 

Now you get 0 again. 

You told the computer that Y EAR stands for 2 0 0 1. But it seems as if 
you also told it that YEARN, YES, and YE stand for 2001 too. The 
reason is simple: In Applesoft BASIC, the computer looks at only the first 
two letters of a variable name. All these names have the same first two 
letters, so the computer thinks they are the same name. But YE and Y 
do not have the same first two letters, so the computer treats them as 
different names. You never told the computer what Y stands for, so it 
assumed 0. 

To avoid confusion, in the future our variable names will contain 
only one or two characters (plus $ for string variables). Do you think we 
can use any two characters? Let’s see. 

LET A = 5 
LET AB = 10 
LET A2 = 15 

LET 2A = 20 
LET A+ = 25 
LET A? = 30 

The computer accepts these names. 

These names are illegal. 

Names must start with a letter of the alphabet. After that, there can be 
letters or numbers (plus a dollar sign for strings). Other characters in 
names are illegal. Those are the main rules, but there are some excep¬ 
tions on the next page. 
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The computer does not accept these. 

LET AT = 1 
LET CAT = 2 
LET OGRE = 3 
LET GR = 4 

These names all start with a letter and contain letters, so they follow 
the rules above. But the computer complains. The reason is that the 
words AT and GR are part of Applesoft BASIC. (You used GR to set 
graphics mode, and you used AT in the HLIN and ML IN statements.) 
Notice also that AT is part of CAT and that GR is part of OGRE. You 
cannot use an Applesoft BASIC word as any part of a variable name. 

10. Why are each of the names 2>(, )<*, and GREAT illegal? 

11. Why is it a good idea to limit variable names in Applesoft BASIC to 

one or two characters? 

If you have extra lab time: EXPLORE 
■ Load program BOXES from your diskette. Identify all variable 

names. What statements tell the computer what the names stand for? 
What does subroutine BOX tell the computer to do with the variables? 

■ Load program HI THERE from your diskette. It contains one string- 
variable name. What is it? There is no LET statement. Can you figure 
out how the computer knows what data the string variable stands 

for? 
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How Variables Work 
IN • Learn what is meant by the type, name, and value of a 

THIS SESSION variable, 
YOU WILL: • Learn the spelling rules for constants and for names of 

variables. 
• Learn what the LET statement means. 
• Use the model computer to explain how the LET and 

PRINT statements work with variables. 
• Recognize that a variable is a place in the memory of the 

computer. 

Review 
Your experiments with the computer introduced you to variables. You 
used a LET statement to give a name, such as YEAR, to a piece of data, 

such as 1984, After that, the computer dealt with that piece of data 
simply by using its name. This is the most important idea in computer 
languages. 

Data types You found that BASIC lets you deal with two different 
types of data: numbers and strings of characters. Most other program¬ 
ming languages allow these two data types, and some allow additional 
types. 

Constants You learned spelling rules for each type of constant. 
You wrote numeric constants the same way you write a number on a 
sheet of paper. You put string constants inside quotation marks. For 
example, 1984, 1492, and 2001 are numeric constants, while 
" 1984”, " JUNE ", and "-> ” are string constants. 

Variable names You had to use a different kind of name for each 
type of data: Names of string variables end with a dollar sign ($), but 
names of numeric variables cannot end with $. When you used the 
wrong kind of name, the computer printed the following message: 
?TYPE MISMATCH ERROR. 

Problems with Variable Names 
You learned that variable names must begin with a letter of the alpha¬ 
bet. Other characters in the name must be either letters or numbers. In 
Applesoft BASIC, the computer pays attention only to the first two 
characters (and the final $, if present). JACK and JANE and J A all refer 
to the same variable; so it is wise to use names with only one or two 
characters. 

BASIC keywords The few dozen words that make up the BASIC 

language are called keywords. You learned the computer will not ac- 
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cept variable names that contain keywords, such as GR and AT. There 

are seven two-letter keywords in Applesoft BASIC: 

AT FN GR IF ON OR TO 

Since many English words contain at least one of these keywords, it is 
best to use short variable names. There are no one-letter keywords, so 

one-letter variable names never cause trouble. 

Variables and Assignment 
You used the LET statement to tell the computer what data a variable 

name stands for. When you typed 

LET YEAR = 1084 
PRINT YEAR 

the result was the same as when you typed 

PRINT 1084 

The LET statement told the computer what the name YEAR stood for. 
PRINT YEAR told the computer to print what YEAR stood for. 

Everyday LET statements Think again about the way we describe a 
softball game. When we explain the rules, we use variables: the pitcher, 
the catcher, the batter, and so on. But before the game can begin, we 
have to say who the pitcher is, who the catcher is, and so on. The cap¬ 
tain of a team says, “Susan, you are our pitcher.” Using the grammar of 

BASIC, you would say that sentence this way: 

LET pitcher = Susan 

Value and assignment People often use two special words when 
they talk about variables. They say that the LET statement tells the 
computer “to assign a value to a variable.” For example, LET YEAR = 
1084 tells the computer to assign the value 1084 to the variable 
named YEAR. The value of a variable is the piece of data that the name 
stands for. We often call the LET statement the assignment statement 
because it assigns, or gives, a value to a variable. (In softball, the cap¬ 
tain assigns Susan to the job of pitcher. The value of pitcher is Susan.) 

The NEW command You learned in Session 32 that the NEW com¬ 
mand also assigns values. NEW gives every numeric variable a value of 

0, and it gives every string variable a value of "". This is called the 
empty string, since there are no characters between the two quotation 

marks. 
Properties of variables Every variable has three main properties: 

its type, its name, and its value. When you read a LET statement in any 
program, you can find all three properties of one of the variables in the 
program. 
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How Variables Work 
Session 32 gave you a lot of first-hand experience with variables. You 
found out that you could use a LET statement to tell the computer the 
value of a variable. After that, you could recall the value simply by 
using the name of the variable. Somehow, the computer remembered 
the value. When you entered the NEW command, the computer forgot 
the old value. Now is the time to understand how the computer remem¬ 
bers and forgets values. 

Sample program The following program contains two LET state¬ 
ments and two PRINT statements: 

10 LET YE = 198d 
20 PRINT YE 
30 LET YE = 2001 
d0 PRINT YE 

You know from your own experience that this program will cause the 
computer to print the numbers 1984 and 2001 on the screen. 

The model computer To help you understand how the computer 
handles variables, we will use the model computer again. Let’s suppose 
you have entered the above program, cleared the screen, and entered 
the RUN command. The picture below shows the output scroll and the 
memory chalkboard after you enter those commands. 

Note the box at the bottom of the chalkboard. It is named YE, and it 
contains 0 at the start. This box is a new feature of the memory in the 
model computer. 
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Perform first line The RUN program tells the computer to perform 
the line pointed at by the line pointer. It is now pointing to a LET 
statement. Here are the rules for performing a LET statement: 

The computer’s rules for performing the LET statement: 

1. Find the value of whatever is on the right side of the equal 

sign. 

2. Write the value in the box whose name is on the left side of the 

equal sign. 

Perform LET and move pointer The number on the right side of the 
equal sign in line 10 is 1984. The name on the left side is YE. Here is 
the model of the computer after it performs the LET statement and 

moves the pointer down: 

OUTPUT 

-=f0 

( 

MEMORY 

10 LET YE = 1984 
20 PRINT YE 
30 LET YE = 2001 
40 PRINT YE 

~r> 

YEs 1984 

Note that the memory box named YE now contains the value 1984. The 
old value, 0, is forgotten. 
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Perform PRINT and move pointer The line pointer now points to a 
PRINT YE statement, so the computer must perform it. What does that 
mean? The answer is simple: It means that the computer should read 
whatever is in the memory box named YE and print it on the output 
scroll. Here is the model after the computer performs those tasks: 

Note that the computer has written 1984 on the scroll and moved the 
pointer down. The YE box still contains 1984. 
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Perform LET and move pointer You already know the computer’s 
rules for performing the LET statement. This time, the right side of the 
equal sign has the value 2001. Here is the new model after the 

computer performs line 30: 

Note the change in the YE box in the memory. The LET statement told 
the computer to erase the old value (1984) and write a new value 
(2001) in the box. The old value is forgotten. 
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Perform PRINT and move pointer The line pointer now points to 
another PRINT YE statement, so the computer must perform it. As 
before, the computer reads whatever is currently in the YE box in mem¬ 
ory and prints it on the output scroll. Here is the model after the com¬ 
puter performs those commands: 

The computer wrote the current value in the YE box (2001) on the 
output scroll. Then it moved the arrow down. Since the pointer no 
longer points to a line, the RUN program ends, and the computer turns 
the cursor back on. 

How to Think about Variables 
The best way to think about a variable is to imagine that it is a place in 
the memory of the computer. Different places in the memory have dif¬ 
ferent names. A place can hold one item of data at a time. A place that 
holds a number cannot hold a string, and vice versa. 

Initial values of variables When the RUN program begins, it tells 
the computer to put 0 in all the places that can hold numbers and " “ 
(the empty string) in all places that can hold strings. You saw in Ses¬ 
sion 32 that the NEW program tells the computer to do the same thing. 

Variables In PRINT statements A variable name can appear in a 
PRINT statement. If so, the computer looks in memory for a place with 
the same name. Then it reads the data value stored there. Finally, it 
prints that value on the screen. 

In LET statements, on the left A variable name is the only thing 
that can go on the left side of the equal sign ( = ) in a LET statement. The 
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computer first finds the value of whatever is on the right side of the 
equal sign. Then the computer writes the value in the place in the 
memory that has the same name as the variable. The new value erases 
the data already there. 

In LET statements, on the right It is also legal to have a variable 
name on the right side of the equal sign. Here is an example. 

G0 LET = A$ 

At first glance, you may think this means to take the data out of loca¬ 
tion A$ and put it into location B$. That is almost correct, but not quite. 
According to the LET statement rules, the computer must first ‘Tind the 
value of whatever is on the the right side.” This means it must go to the 
place named A$ and read the data stored there. Then the computer 
must put a copy of the data in the place named B $. Note that the data in 
location A$ is not moved. Only a copy is moved. 

LJ 

1. What two types of data have you learned about? 
2. What is the name, type, and value of each variable below? 

a. LET X = 5 c. LET Z$ = ”2” 
b. LET A$ = "DOG” d. LET P = -3 

3. Which variable names below are legal? If a name is illegal, 
explain why. 

a. FRED d. GREAT 
b. A3 e. $C 

c. 3A f. id. / 

4. Can you think of two LET statements that will cause a 
?TYPE MISMATCH ERROR message? Write them. 
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5. What happens to the values of variables after the computer 
carries out the NEW command? 

6. Look at the last picture of the computer model. What would 
happen if you now entered the statement PRINT YE into the 
computer? 

7. What would the computer print on the screen if you entered 
these four lines? Use the computer model to help you explain. 

NEW 
10 PRINT YE 
20 LET YE = 2000 
RUN 

8. What would the computer print on the screen after it per¬ 
formed this program? Use the model to help you explain. 

10 LET >($ = "HORSE" 
20 LET X$ = "COW" 
30 PRINT K$ 

9. What would the computer print on the screen after it per¬ 
formed this program? Use the model to help you explain. 

10 LET X$ = "HORSE" 
20 LET Y$ = X$ 
30 PRINT Y$ 

10. Suppose the first statement in a program says PRINT N. Ex¬ 
plain why the computer prints a 0. 

11. What number is in the P and Q memory boxes right after each 
statement in the program below is performed? 

10 LET P = 7 
20 LET 0=11 
30 LET P = 0 
40 LET 0 = P 
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z^£g Input and Processing 
Data 

IN • Use commas and semicolons in the PRINT statement. 
THIS SESSION • Use arithmetic operations in the LET statement. 

YOU WILL: • Use the INPUT statement with numbers. 

PRINT with Commas and Semicolons 
Until now, you have never used more than one piece of data in a PRINT 

statement. In this session, you will be using more than one. Now is a 
good time to learn more about the PRINT statement. 

Start the computer with your diskette as usual. Then do the 

following things in immediate mode: 

PRINT 123 

PRINT 
PRINT 

f 456 
» f 789 

PRINT 123 # 456 # 788 

PRINT 1235 456 5 789 

PRINT 1 f ; ■ a 5 2 

PRINT 2 5 .. PLUS “ 5 2 5 ” IS "5 

No surprises here. 

Notice where the numbers appear. 

See where the numbers are printed. 

This is quite different. 

Extra semicolons do nothing. 

You can mix numbers and strings. 

1. What does a comma in the PRINT statement tell the computer to do? 

2. What does a semicolon in the PRINT statement tell the computer to 

do? 

Doing Arithmetic 
Computers solve many arithmetic problems. Perhaps you are wonder¬ 
ing when you will have the computer do arithmetic. Now is the time. 

NEN 
HOME 

50 PRINT Pf Q 
RUN 

20 LET P = 7 
30 LET Q = 3 
LIST 
RUN 

Erase memory and clear screen. 

The 0 s and their positions should not sur¬ 
prise you. 
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li 

40 LET R = P + Q 
50 PRINT P; " PLUS "5 Q? 
LIST 

IS 

RUN 

" ; R 

Check this carefully. Try to guess what the 
computer will do with this program. 
Think about how R got its value. 

Change the program so that it adds 12345 to 54321. Run the 
new version. Think about why you saw different numbers this 
time. 

3. What part of your program tells the computer the values of P and Q? 

4. What does the symbol + mean in line 40? 

5. What does line 40 tell the computer to do? Explain in your own 
words. 

Using the INPUT Statement 
Your program now in the memory should look like this: 

20 LET P = 12345 
30 LET Q = 54321 
40 LET R = P + Q 
50 PRINT P5 " PLUS "5 05 " IS "5 R 

The program falls nicely into two parts. One part tells the computer 
what the names P and 0 stand for. The other part tells the computer 
what to do with P and 0, no matter what P and 0 stand for. When you 
were writing lines 40 and 50, you did not have to worry about the 
actual values of P and 0. You just used their names. Lines 20 and 30 
assign values, much as you do when you assign Susan to pitch and 
Larry to catch in a softball game. Lines 40 and 50 are like the rules of 
the game, no matter who is playing. 

Your program is a big step forward because the processing part 
(line 40) and the output part (line 50) are independent of the numbers 
in the LET statements. Line 40 adds any two numbers, and line 50 
prints the result. There is still one weakness in the program, though. To 
make it add different numbers, you have to rewrite lines 20 and 30. 
Let’s see how to avoid that. If the above program is not in memory, 
enter it now. 

20 INPUT P 
LIST 

RUN 
Line 20 has a new statement. 

Notice the ? and the flashing cursor. 

The computer is waiting for you to type a number and press [ return 1. Do 
so, as follows: 
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?45B78 
...and (RETURN ]. Notice what was printed. 

RUN 
?1 

I 

LIST 

30 INPUT 0 
LIST 

RUN 
?21 

737 

RUN 
712345 
7S7830 

20 
30 INPUT Pf Q 
LIST 

RUN 
721t 37 

RUN 
7444f 555 

20 PRINT "ENTER TWO NUMBERS" 
LIST 
RUN 

...and (RETURN]. Hmmm... 

Think about how P got its value. 

Now both LETS are gone. 

...and (RETURN ]. 

...and (RETURN 1. 

Be sure not to use commas in the numbers. 

Now there is only one INPUT statement. 

Think how P and Q got values. 

That worked too. Now let’s make the pro¬ 
gram more “user friendly.” 

...and do what it says. 

6. What does the INPUT statement tell the computer to do? Explain in 
your own words. 

7. Your program now contains no data values. Why does that make it 
better than the old version with LET statements? 

8. How does line 20 make the program “friendlier”—easier to use? 

INPUT Errors 
Jsers sometimes make errors when replying to a request for input. Use 
your last program to find out what happens when you make such an 
error. 

RUN 
73 

f-i —f r r / 
E". ST 

RUN 
?3 f 4 f 5 j B 

Enter only one number and press 
(RETURN ]c Notice the 77 output. 
Enter the other number and press 
(RETURN ] That worked. 

Note what happens. 
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RUN 
?TWOf FOUR 

Note what happens. 

Now it works OK. 
15 f 72 

9. What does the computer do if the input reply does not have as many 
numbers as there are variables in the INPUT statement? 

10. What does the computer do if there are too many numbers in the 
input reply? 

If you have extra lab time: EXPJ.aflE 
■ Change the + in line 4 0 of the last program to a *. You may also want 

to change PLUS in line 50 to TIMES. Run the new version. Try out 
some large numbers. 

■ Change the arithmetic symbol in line 4 0 of the last program to the 
symbol /. Run the new version. See what happens when you try to 
divide by zero. 

■ Enter this new version of the program: 

20 
30 

PRINT 
INPUT 

"ENTER 
P$ j Q$ 

TNO WORDS" 

40 LET R$ = P$ + Q$ 
50 PRINT P$5 " + it “ Q$5" = "? 

Run the program and experiment with different string inputs. See 
whether quotation marks are needed in the input reply. 
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^ How Input and 
Processing Work 

IN • Learn how to use arithmetic and catenation operators, 
THIS SESSION • Learn what an expression is. 

YOU WILL: • Learn how to use the INPUT statement. 
• Use the modei computer to expiain how input and arithmetic 

work. 

Review 
In Session 34, you found that BASIC gives you ways to input and proc¬ 
ess data. You used the INPUT statement to tell the computer to accept 
numbers and strings from the user. You used the LET statement and 
some new operations to process this data. 

Commas and semicolons At the start of Session 34, you used com¬ 
mas and semicolons in PRINT statements. These punctuation marks do 
two things. They separate one item from another in the statement, and 
they say where the output is to appear on the screen. A comma tells the 
computer to print the next output at the start of the next standard 
print column: The standard columns are ten characters apart on the 
Apple II screen. A semicolon tells the computer that the next output 
should start wherever the last output ended. 

Arithmetic operators The symbols and / tell the computer 
to add, subtract, multiply, and divide numbers. The symbols are called 
arithmetic operators. They usually appear in LET statements, such 
as these: 

40 LET R = P + Q 
G0 LET A = B / C 

These operators tell the computer to perform an arithmetic operation 
with the two pieces of numeric data, one on the left and one on the right 
of the operator. 

Catenation operator There is only one operator that can be used 
with strings. It is called catenation and it is written as + in Applesoft 
BASIC. The word comes from the Latin word for “chain,” and it means 
to link two strings together into a single string. For example, ” NOW " + 
"HERE" is catenated as "NOWHERE". 

Expressions In every programming language, there is a special 
word for combinations such as P + 0, B / C, and "NOW" + "WHERE". 
They are called expressions. The main point about an expression is 
that it has a definite value. In fact, anything that has a value is an 
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expression. For example, a single variable has a value, so a variable is 
also an expression. So is a constant. When people talk about expres¬ 
sions, however, they usually mean combinations of variables, con- 
stants, and operators. 

Examples of expressions Every one of the items shown below is an 
expression: 

25 
"HELLO” 
G + 2 
"FAT" + "HER" 
.K - 4 

2 -M- P + 3 -M- Q 

Use of expressions You saw in Session 34 that you can use an 
expression on the right side of the equal sign in a LET statement. In 
BASIC there is a simple rule that tells where you may use expressions: 
You may write an expression anywhere that it is legal to write a constant. 
You have used numeric constants in LET, PRINT, PLOT, HLIN, ML IN, 
COLOR = , and SPEED= statements. So you could also write a numeric 
expression in any of those statements. (Example: PLOT X + 2 t Y + 5.) 

Use of variables Variables are also expressions, so you can use 

their names anywhere you can use an expression. But there are a few 
places where you may not use anything but a variable name. You have 
seen the two main ones: Variable names must appear in (1) INPUT 
statements and (2) on the left side of the equal sign in LET statements. 
You must use variables there because you want to assign values, and 
you cannot assign a value to something unless you name it. For exam¬ 
ple, the computer will not accept these statements: 

LET 5 = X 
INPUT 932 

How Input and Arithmetic Work 
In Session 34, you experimented with a program that asked you to enter 
two numbers and then printed their sum on the screen. Let’s take a 
close look at the steps the computer went through during that program. 
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The complete model Our computer model needs one more part to 
explain how your program worked. The part is called the arithmetic 

and logic scratchpad. 

The model is now complete. Using a model with only these five parts, you 
can understand how the computer performs any program. The picture 
shows the computer just after the program has been entered, the screen 
cleared, and the RUN command entered. Note the P, 0, and R variable 
boxes, initially with 0s inside. 
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Perform PRINT and move pointer The RUN program tells the com¬ 
puter to perform the PRINT statement in the first line and then move 
the pointer down. Here is the new state: 

35 • How Input and Processing Work 193 



Perform INPUT statement Now the RUN program tells the computer 

to perform the INPUT statement. Here are the rules: 

The computer’s rules for performing the INPUT P, Q statement 

1. Print a question mark on the output screen, turn on the cursor, 

and stop. 

2. Wait for two numbers, separated by commas, to be typed on the 
keyboard, and for the ( return ) key to be pressed. 

3. Assign the first number to P and the second to Q. 

Here is the computer while the INPUT statement is being performed. 
The question mark is on the screen, and the cursor is on. The numbers 
23d and 7G5 are about to be dropped into the input slot. 
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Finish INPUT and move pointer After the two numbers drop into 
the input slot of the model, the computer writes them on the output 
scroll and also in the P and 0 memory boxes. After the computer moves 
the line pointer to the next line, the computer model looks like this: 
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Perform the LET statement Now the computer must follow the rules 
for the LET statement. Rule 1 on page 180 says to ‘‘find the value of 
whatever is on the right side of the equal sign.” Here is how the com¬ 
puter does that. 

To find the value of P + 0, the computer used the arithmetic and logic 
scratchpad. First, it made copies of the data in the P and Q boxes in 
memory. Then it added them together to get 990, which is at the bot¬ 
tom of the scratchpad. 
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Finish LET and move pointer Rule 2 for performing the LET state¬ 
ment says to “write the value (900) in the box whose name appears on 
the left side of the equal sign.” Here is how the model looks after the 
computer performs the LET statement. 

Notice that the R box in memory now contains the value that used to be 
on the scratchpad. Notice also that the computer threw away the 
scratch sheet it used for the calculation. Those numbers are gone and 
the scratchpad is clean. Finally, the computer moved the line pointer 
down one line. 
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Perform PRINT and stop Finally, the RUN program tells the com¬ 
puter to perform the last statement and then stop. Here is the final 
state of the computer: 

Other jobs for the scratchpad So far, you have seen the computer 
use the arithmetic and logic unit (ALU) in only one way—to do arith¬ 
metic. The computer also uses the ALU to catenate strings and to com¬ 
pare one piece of data with another. In other words, the computer proc¬ 
esses data in the ALU. 

Processing and LET statements The program line that told the 

computer how to process the data was the LET statement, line 40. 
Line 40 is an example of an assignment statement—a statement that 
tells the computer what value to assign to a variable. The assignment 
statement is nearly always the one that tells the computer how to proc¬ 
ess the data whether in BASIC or any other computer language. 

1. What are the purposes of commas and semicolons in a PRINT 
statement? 

2. What symbols are used in BASIC for the addition, subtrac¬ 
tion, multiplication, and division operators? 

3. What does a plus sign between two strings in an Applesoft 
BASIC program tell the computer to do? 
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4. What does the term expression mean? 

5. Where do the rules of BASIC allow you to write an expres¬ 
sion? 

6. In what two places in a program must a variable name ap¬ 
pear? 

7. What is the computer’s arithmetic and logic unit used for? 

8. Is it true that the INPUT statement causes something to be 
output? Explain your answer. 

9. What happens to the number a user enters into the computer 
while the computer is performing the statement INPUT K? 

10. Suppose you run the following program and enter the string 
CAT. What is in the computer’s memory afterwards? 

10 LET A$ = '‘DOG” 
20 INPUT A$ 
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Projects with 
Variables and 

IN • Rewrite the NAMES program with a variable for the TAB 
THIS SESSION position of each big letter, 

YOU WILL: • Add on input subroutine to the NAMES program, 
• Write a new program to draw variable boxes on the graphics 

screen, 
• Read programs that use input and variables. 

Adding a Variable TAB to Program NAMES. 
In Session 24, you wrote and saved on your diskette a program called 
NAMES. It printed Ann’s, Nan’s, or Ana’s name in big letters. Then in 

Session 30, you changed the B I G N subroutine by adding TAB (11) to 
the PRINT statements. This made the bigN appear always in column 
11 on the screen. 

The big N was always in the same place because 1 1 is a constant. 
Your goal now is to replace the constant with the name of a variable. 
That way, the B I G N subroutine will put the N in a different column 
whenever the main routine gives the variable a new value. 

Start the computer with your diskette as usual. Load pro¬ 
gram NAMES and run it a few times. Then list it. 

The main routine for printing Ann’s name should look like this: 

100 REM--PR0GRAM NAMES 
110SS HOME 
120SS GOSUB G00S REM--BIG A 
130ss GOSUB a00s REM--BIG N 
ia0ss GOSUB 400s REM--BIG N 
150 END 

Line 400 should be the start of your BIG N subroutine, and line B0 0 
should be the start of your B I G A subroutine. (If you have lost your 
NAMES program, enter the main routine now, but not the PRINT state¬ 
ments of the subroutines. You will be changing them now.) 

Change the PRINT statements in your BIG N subroutine. The 
first item after the word PRINT should be TAB (C), followed by a 
semicolon. Here is a sample line: 

420s s PRINT TAB (0 5 

Make exactly the same changes in your BIG A subroutine. 
Add the following line to the main routine: 

115 LET C = 15 
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List the program and run it. If all goes well, you should see the 
three letters of Ann’s name appear in a column down the middle of the 
screen. If not, list the program, find out what is wrong, and fix it. 

Now add LET statements in lines 125 and 135. They should 
be like the one in line 115, but with different constants to the 
right of the equal sign. List the main routine and think about 
what it tells the computer to do. Run the program and find out. 

Change the constants in lines 115, 125, and 135 and run 
NAMES again. Try to make Ann’s name appear on a diagonal line 
from upper left to lower right. Then make the name appear on 
the other diagonal, from upper right to lower left. 

Save this new version of the program on your diskette in the 
file NAMES, as before. If you locked NAMES, you will have to un¬ 
lock it before you can save the new version. 

1. What constants did you need in your three LET statements to get 
Ann s name to appear diagonally from upper left to lower right? 

2. What do the LET statements in the main routine do? Explain in your 
own words. 

3. What does TAB ( C) tell the computer to do? Explain in your own 
words. 

4. Why did changing the constants in the main routine cause the big 
letters to appear in different columns? 

5. In Session 30, you needed to write two SIGN subroutines to get one 
N in column 11 and another in column 21. How many BIG N subrou¬ 
tines do you need now? Why? 

Adding an Input Subroutine to NAMES 
You probably got tired of retyping the three LET statements whenever 
you wanted the hig letters to appear in different columns. The program 
would be more “user friendly” if it printed WHAT THREE COLUMNS DO 
YOU WANT LETTERS IN? and then waited for you to enter three num- 
hers. 

Write a new subroutine that asks the user to enter three num¬ 
bers for the T AB positions of each letter in Ann’s name. Here is an 
outline in a mixture of BASIC and English. 

190 : 
200 REM--SUB INPUT 
210!! prompt the user for 3 numbers 
2 2 0 s s input the numbers 
2 3 0 s s clear the screen 
240 RETURN 
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You will have to convert this outline to all BASIC. You will need three 
new variable names for line 220. You might use Ci, C2, and C3. 

Next, add a GOSUB 200 statement to the main routine. Put it 
right after the HOME statement. Run the program and debug the 
new subroutine if necessary. 

Next, change the LET statements to replace the three con¬ 
stants now in the program with the three variable names you 
used in line 220. For example, LET C = 11 might then become 
LET C = Cl. 

List the main routine and the new subroutine. Think care¬ 
fully how they work together. For example, think about what 
would happen if the GOSUB 200 statement were missing. 

Run the program and experiment with different numbers for 
the three inputs. 

Again, save this version of the program in the file NAMES on 
your diskette. It is a good idea to lock it now. 

How does the new input subroutine tell the computer where to print 
the big letters? 

Why was it necessary to put a new GOSUB in the main routine after 
you added the new input subroutine? 

Why was it necessary to change the LET statements after you added 
the new input subroutine? 

Drawing Variable Boxes 
Now let’s write a completely new program. (If you forgot to save NAMES 
on your diskette, do so now.) The purpose of the program is to draw 
rectangular boxes on the screen. The program should ask the user to 
enter the left, right, top, and bottom of the box as well as the color to 
use. 

Here is what the user should see when the program is run. The 
user’s responses are printed in color: 

ENTER THE LEFT AND RIGHT EDGES (0 - 39) 
75 f 30 
ENTER THE TOP AND BOTTOM (0 - 30) 
?l&f 25 
NHAT COLOR DO YOU NANT? (0 - IB) 
?a 

Then the computer should draw the box on the graphics screen. Here 
are the steps of the top-down method for solving this problem. 

Step 1. Begin by writing the main routine only. Write an out¬ 
line first, on paper, and use only English for the statements in the 
body of the main routine. The body statements should tell the com- 
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puter to do five things; (1) set the text mode, (2) clear the screen, 
(3) handle user input, (4) set the graphics mode, (5) draw the box. 

Step 2. Convert each line of the body to BASIC. If no single 
BASIC statement can make the computer do what you want, use a 
GO SUB statement followed by a REM statement to explain the purpose 
of the GOSUB. 

Step 3. Write on paper the outline and body of each subrou¬ 
tine, using only English for the body. 

Step 4. Convert English to BASIC, as you did with the main 
routine. 

You are now ready to go to the computer. Type NEW and then 
enter your program into the computer. Run it. Debug it if 
necessary. Save your program in the file MY BOX on your diskette. 
Lock it for safety. 

9. Why do you need only one subroutine to draw the boxes, even 
though it can draw many different boxes? 

10. Suppose your main routine outline had the phrase “handle input.” 

Some people would convert directly to an IN P U T statement. Others 
would use a GOSUB to an input subroutine. Which would you use'^ 
Why? 

If you have extra lab time: E«PJ.aRE 
■ Load program BOXES from the diskette and list it. See whether you 

can begin to see how it works, even though it contains some things 
you have not seen yet. 

■ Load program LITTLE TROT from the diskette. List lines 800 
through 900. See whether you can figure out what this subroutine 
does and how it works. 
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F The Information 
Machine 

IN • Learn that data can be stored and retrieved from on-line 
THIS SESSION data bases, 

YOU WILL: • Recognize some applications of private data bases, 
• Learn what a computer network is, 
• Learn some applications of shared data bases, 
• Find out some clangers of using shared data bases. 

Data Storage and Retrieval 
Almost every computer program tells the computer to do something 
with data. The computer moves data from place to place and makes 
changes in the data. For this reason, the computer is sometimes called 
an “information machine.” In the last seven sessions, you have used the 
main BASIC statements— I N P U T, L E T, and P R I N T—that tell the com¬ 
puter what to do with data. 

Keyboard input, screen output You used the INPUT statement to 
tell the computer to accept data typed on the keyboard by the user. You 
used LET to tell the computer how to process data. You used PRINT to 
tell it what data to print and where on the screen to print the data. But 
data can come from places other than the keyboard, and it can go to 
places other than the screen. 

File input and output You already know that programs are stored 
in files on your diskette. There can also be data files. BASIC and most 
other languages have a way to tell the computer to send its output to a 
data file on a diskette, a magnetic tape, or some other storage unit 
connected to the computer. (We will not show you how to use storage 
units here. For more information, read the Applesoft manuals.) 

On-line data bases A large collection of information on one sub¬ 
ject is called a data base. For example, your dictionary is a data base of 
English words and their definitions. If a data base is in a storage unit 
connected to a computer, we call that data base an on-line data base. 
The computer can take input from the data base or send output to the 
data base. On-line data bases have many important applications. 

Spelling checker If you use a computer system to write letters or 
papers, you can use a program that checks for misspelled words. This is 
a common data-base application. The program tells the computer to 
compare each one of your words with all the words in an on-line “dic¬ 
tionary.” The dictionary is usually stored in a data file on a diskette. 
The computer takes input from that file as it checks each of your words. 

Naming Things: Data and Variabies 



Some programs also allow you to add new words to the dictionary file. If 
so, the computer sends the new words as output to the data base. 

Names and addresses Some people use a computer to keep their 
address books on line. The data base contains names, addresses, tele¬ 
phone numbers, and other useful information—birthdays, for example. 
Programs allow you to look up someone’s 
phone number (input from the data base), 
add a person to the on-line address book 
(output to the data base), or change an 
address (input and output). Other pro¬ 
grams can make the computer search the 
data base for all people with birthdays in 
January, for example. 

Colloctions People who own many 
books, records, or other large collections 
can use a computer to manage the collec¬ 
tion. They put together an on-line data 
base with information about every item in 
the collection. Computer programs allow 
them to search for a particular item by 

name, date, or some other category. Other programs have the computer 
print lists of everything in the collection, sorted into categories, for 
example, records listed by performer, type of music, or composer. 

Many computer 
programmers work 
on data bases. 

Computer Networks 
The above are examples of private data bases. They are used by one 
person at a time, usually on a single computer that is not connected to 
any other computer. But there are also shared data bases: one collec¬ 
tion of data that several people can get information from or add infor¬ 
mation to. Shared data bases are usually the largest, and they allow the 
most complex applications of computers to date. 

Local networks One way to share a data base is to connect a group 
of computers to a single storage unit containing the data base. Usually 
the computers are located in the same room or building. This arrange¬ 
ment is called a local network, and it is often used in schools and 
offices. In fact, you may be using a local network along with this book. 
If so, programs such as R □ C K E T and TURTLETROTare probably saved 
only once on the storage unit, and each person can load a copy into his 
or her computer. 

Long-distance networks Sometimes one data base is shared by 
users a mile or so apart or even in different parts of the country. String¬ 
ing wires between the users can be very expensive. It is cheaper to use 
wires already there: the telephone system. A device called a modem 
changes data to a series of beeps that can be sent by telephone. Another 
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modem changes the beeps back to data at the other end. In the near 
future, the cable TV system may link home computers to data bases in 

other cities. 
Airline reservations A good example of a long-distance network is 

the airline reservation system. Here is how it works: A person goes to 
the ticket counter, for instance, at O’Hare Airport in Chicago and asks 
for a ticket on a flight from Denver to Dallas. The ticket clerk punches a 

few keys, and within 10 seconds the clerk’s 
computer displays information about that 
flight. The clerk reserves a seat for the 
traveler just by punching a few more keys. 
At the same time, several hundred other 
clerks around the country are using the 
same data base to reserve seats. The data 
base they all use is in Ohio. 

Electronic mail A different sort of 
data base is the set of messages that all the 
people in a network send to one another. 
The sender’s computer adds a message to 
the data base. The receiver’s computer 
searches the data base for “mail.” If the 
receiver has a message, the receiver’s com¬ 
puter gets a copy and displays it on the 
screen. 

Above: Bad weather can 
make it hard for a letter 
carrier to deliver the mail. 
Right: Computers can 
send and receive eiec- 
tronic mail quickly and 
easily over telephone 
lines. 
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Electronic banking Another kind of shared data base is the set 
of bank accounts of all the customers of a bank. For example, instead 
of billing customers by mail, the water company has its computer 
send the bank’s computer a list of the amounts owed by the bank’s 
customers. When the bill is due, the customer uses a home computer 
to call the bank’s computer and find out how much the bill is. The 
customer tells the home computer how much to pay. The bank’s com¬ 
puter then subtracts that amount from the customer’s bank account 
and adds it to the amount the water company receives. 

Other applications As home computers become cheaper, the num¬ 
ber of computer network applications will grow. In the near future, 
people will do their shopping from electronic catalogs, read electronic 
classified ads from their home computer screens, get in touch with peo¬ 
ple who share their interests or hobbies via computer—even use the 
computer as an electronic newspaper. 

Network Problems 
Although the future for shared data bases looks bright, not everything 
about it is rosy. One person or family owns and uses a private data base, 
all one’s own, but a whole community of people use and depend on a 
shared data base. The failure of a computer network affects many peo¬ 
ple. A few people who do not care about the good of the community may 
sabotage an application. 

Down time Computer hardware may fail. A telephone line may 
fail. More likely, the computer software may have bugs that make the 
network stop working. How does the airline clerk sell tickets when “the 
computer is down”? How do you get your electronic mail, pay bills, get 
news, and so forth, if you become dependent on computer networks that 
sometimes fail? It is important to answer these questions before decid¬ 
ing to rely on a computer-network service. Usually, people don’t put all 
their eggs in one basket. They have in reserve another way to get the 
job done. 

Security of data If you put data in a shared data base, you want to 
be sure that it will not disappear or be tampered with. If you can use a 
home computer to get into your bank account, could someone else who 
owns a home computer raid your account and take all your money? A 
company that puts all of its vital data on line runs the risk of going out 
of business if the data is lost or incorrect. 

Privacy of data Who will be able to look at data you put into a 
shared data base? How could those people harm you? What advantage 
might knowing things you thought were secret give those people? Will 
a government agency be able to see your data? If others are collecting 
data about you, what rights do you have to see that data and challenge 
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them when it is wrong? None of these problems is new or caused by 
computers. But computer networks make it easier to collect data and 
analyze it. Therefore, citizens need to know of the dangers and consider 

whether new laws are needed. 
Ownership of data Who owns the data in a shared data base? Does 

it belong to the person who collected it? Do you own data about yourself 
that someone else has collected? Suppose data about you is incorrect 
and someone bases a decision unfavorable to you on that data. Can you 
sue for damages, and if so, whom do you sue? Again, these are old prob¬ 
lems, but they may occur more often as we depend more on computer 
networks and shared data bases. 

Passwords An important way of controlling who may see or 
change data in a shared data base is to give a password to certain 
people but not to others. Before opening the data base, the computer 
asks the user to enter a password. Password protection is not perfect, 
though: If someone finds out your password and uses it, the computer 
will not be able to know that person is using your password illegally. 
Also, there must be a list of legal passwords somewhere in the computer 
system; otherwise, the computer could not check whether a password is 
correct. A clever programmer might be able to find the list and figure 
out which password goes with which user. 

Coding A better way to assure privacy is by encryption. Instead 

of storing the data in a form that anyone can read easily, the computer 
rewrites the data in a code. To read the data, a person must not only 
gain entry into the data base but also know how to decode the data 
stored there. Since the only person who knows the code is the one who 
created the data base, that person can also control who is able to decode 

the data. 

QUESTJDMS 
Why is the computer called an “information machine”? 

2. What is an on-line data base? 

3. What are two applications of private data bases? 

4. What is a shared data base? 

5. What is the difference between a local network and a long¬ 
distance network of computers? 

6. What are two applications of shared data bases? 
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7. How can a computer hardware failure hurt an airline reserva¬ 
tion system? 

8. Why is security of data important for an electronic banking 
system? 

9. Why is privacy of data important for an electronic mail sys¬ 
tem? 

Left: Formerly, the only “data base” for the books in a library was the card 
catalog. Right: Today, many libraries have a computerized data base for 
finding books. 
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Part 5 nEUJEl^ 
Vocabulary Table 
Words printed in color were introduced in this part. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN LOAD INPUT SPEED= GOSUB 

LIST SAME LET FLASH RETURN 

NEW DELETE PRINT INMERSE END 

DEL CATALOG REN NORNAL 
LOCK PLOT C0L0R= 
UNLOCK HLIN TEXT 

ML IN GR 
HONE 

New BASIC Words 
LET A statement that tells the computer 

to find or compute the value of what¬ 
ever appears on the right side of the 
equal sign ( = ) and then assign that 
value to the variable named on the left 

side. 
INPUT A statement that tells the com¬ 

puter to ask the user to input data. The 

New Ideas 
arithmetic Combining numbers by addi¬ 

tion, subtraction, etc. 
arithmetic operators The symbols 

*, /, and ••••••.. 
arithmetic and iogic scratchpad The 

arithmetic and logic unit in the model 
computer. 

assignment statement See LET. 

computer assigns those data values to 
variables. 

TAB An optional part of the PRINT 
statement. The number in parentheses 
after TAB tells the computer to begin 

the next output in the print column 
that has the same number. 

catenation Combining two strings of 
characters by joining the end of the 
first to the start of the second. Also 
called “concatenation.” 

catenation operator In Applesoft 

BASIC, the plus sign, 
constant A piece of data that does not 

change its value. 
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data Pieces of information; information 
given as a pattern of symbols a com¬ 
puter can read. 

data base A collection of information on 
one subject. 

data file A set of data stored on a disk¬ 
ette, magnetic tape, or the like, 

data-type error Use of numeric data 
when the computer expects string data, 
or vice versa. 

expression A constant, variable, or com¬ 
bination of constants, variables, and 
operators in a statement, 

network A group of computers connected 
to a central storage unit, 

numeric data Data whose value is a 
number. 

on-line Connected to a computer so that 
data can flow to and fro. 

operator A symbol that tells the com¬ 
puter to perform an operation on two 
pieces of data. See arithmetic operator 
and catenation. 

print line The characters sent to the 
screen by a PRINT statement. The 
longest print line for the Apple II is 255 
characters. 

string data Data whose value is a series 
of characters. 

type of data The kind of information the 
data stands for. See numeric data and 
string data. 

variable A place in the memory of the 
computer. Data values are stored there. 
In a program, the place is always re¬ 
ferred to by its name. 

variable properties The name, type, and 
value of a variable. 
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Control Statements, Numbers* 
and Functions 

In every program you have written, the computer has performed 
the INPUT, LET, PRINT, and graphics statements in straight-line 
order, starting with the first statement, then doing the second, and so 
on. You might think the GOSUB statement makes the computer inter¬ 
rupt this order, but it does not. GOSUB is a side trip to a subroutine, but 
the RETURN sends the computer back to the main route. GOSUB is not 
much different from PRINT: Both tell the computer to perform certain 
actions and then come back to straight-line order. 

New statements In Part 6, you will learn two new statements: the 
GOTO and IF statements. They are not action statements. Unlike 
INPUT, LET, and PRINT, they do not affect data. They control the 
order in which the computer performs the statements that do affect it. 

Repetition Without control statements, it would be hard to tell the 
computer to do something a thousand times. You would have to write 
the same statements a thousand times. The GOTO statement can tell 
the computer to go back to an earlier statement and start over. 

Choice Without control statements, it would be impossible to tell 
the computer to do one of two different things. You could not tell it to 
ask for a number, decide whether it was even or odd, and then print 
either EUEN or ODD. The IF statement can tell the computer to make 
that kind of decision. 

Computer ianguages give controi All computer languages give 
you a way to tell the computer to repeat steps again and again. They all 
give you a way to tell the computer to make a choice between one set of 
steps and another set of steps. In Part 6, you will learn the BASIC 
statements for doing these things. 

Numbers and functions These new statements will make it easy 
for you to explore numbers and arithmetic on the computer. You will 
also learn what functions are and how to use them. 
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^ Changing 
Statement Order 

IN • Use Q GOTO statement to tell the computer to skip some of 
THIS SESSION the statements in o program, 

YOU WILL: • Use o GOTO statement to create on infinite loop, 
• Learn how to stop and restart the computer while running o 

program, 
• Change programs on the diskette into infinite loops. 

Skipping Statements 
Start the computer with your diskette as usual. Then go on to the 
activities below. 

LOAD ROCKET 
RUN 

LIST 
Get the ROCKET program. 

Look at the listing. 

Like all the programs you have seen so far, ROCKET tells the computer 
to perform the first statement, then the second, and so on. The computer 
must perform all the statements. Now let’s see how to skip some. 

195 GOTO 250 
LIST 

RUN 

LIST 

195 GOTO 270 
LIST 

RUN 

195 
125 GOTO 290 
LIST 

RUN 

125 GOTO 500 
LIST 

RUN 

What do you think the computer will do? 

The rocket shrank! 

Study the listing. 

What will this version do? 

Now it is very short. 

What will happen now? 

You probably knew this would happen. 

What do you think will happen now? 

Now you know. 

1. 

2. 

What does a GOTO statement tell the computer to do? 

What happens if the computer performs the statement GOTO 380 
when there is no line 380 in the program? 
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Repeating Statements 
You have used the GOTO statement to jump forward over statements. 
Let’s find out what happens when you tell the computer to jump back¬ 
ward. 

LOAD ROCKET 
LIST 

300 GOTO 100 
LIST 

RUN 

Get a fresh copy of ROCKET. 

Try to figure out what the computer will 
do. 
You have a flashing rocket now. 

The GOTO statement at the end of the program told the computer to go 
back to the beginning. It started again at line 100, then went to 110, 
and so on. Finally it got to line 300, which told it to go back to 100. 
This program will never stop. You have created an infinite loop: It will 
run forever—or at least until your computer breaks or you stop it. 

In Session 12, you learned two ways to force programs to stop. Let’s 
review them. 

( CTRL 

( CTRL 

( CTRL 

That command made the output pause. 

That started output again. 

That stopped the program. 

Note that the cursor is now back on the screen. The computer is ready 
for your next command. 

300 GOTO 120 
LIST 

RUN 

The HOME statement is not in the loop 
now. What will happen? 
Notice the difference. 

Use ( CTRL S to pause and [ Ctrl to stop the program. 

300 GOTO 200 

RUN 

What does this statement tell the com¬ 
puter to do? 
Use ( CTRL I c) to stop. 

By changing only the GOTO statement, you have created very different 
effects. Now let’s look at one more change. 

300 GOTO 300 
LIST 

RUN 
What will happen? 

Is the computer broken? 
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This is another infinite loop. The computer is busy doing something, 

since the cursor is missing. Use (CTRL | c ] to stop the program. 

3. How can you tell the computer to repeat all the statements in a 
program again and again? 

4. What is the difference between the [ Ctrl 

mands? 

Tj and f CTRL ^ com- 

Making a Loop That Counts 
In this section, you will write a new program that does arithmetic in¬ 
side an infinite loop. Enter the following lines: 

NEU 
100 LET N = 1 
110 PRINT N 
120 LET N = N + 1 
130 GOTO 110 
i T RT 

Enter and check the program. 

This program contains an infinite loop. The GOTO statement in line 
130 tells the computer to perform line 110 next. Then the computer 
performs line 120 and comes back to line 13 0, which directs it back to 
line 110 again. The program will stay in the loop until you stop it. Let’s 
see what the program does. 

RUN 

( CTRL E 

. Watch the output on the screen. 

The numbers keep scrolling up the screen until you tell the computer to 
pause. You know how to do that. 

Stop the output temporarily. 

You can understand what is happening. Line 10 0 says that the varia¬ 
ble N has the value 1. Line 110 tells the computer to print the value of 
N. Line 120 tells it to find the value of what is on the right side of the 
equal sign. Since N is 1, N + 1 is 2. So the computer must assign 2 as 
the new value of N. Then line 130 says to perform line 110 again; so 
the computer prints 2 this time. Then line 120 says to find the value of 
N + 1 again. This time N is 2, so N + 1 is now 3. Finally, line 120 says 
to assign the new value to N. Then line 130 says to start over at line 
110. 

( CTRL s) 

[ CTRL Cj 
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PRINT N 

CONT 

Notice that the computer has told you the number of the line at which 
the program stopped. Let’s see what we can learn. The PRINT state¬ 
ment in immediate mode is a good tool for snooping. 

^ ™ This is the value of N when the computer 
stopped. 
This is a new command. 

CONT tells the computer to continue running the program where it left 
off. CONT is like RUN, with two exceptions: The computer does not set 
variables to zero and empty strings, and the computer does not put the 

line pointer back at the first statement. Let’s see what else we can do: 

( CTRL 
PRINT N 

LET N = 10000 

CONT 

[ CTRL 

Stop the program and print the value of N. 

Set the value of N to 10000. 

Continue. 

Stop the program. 

PRINT, LET, and CONT in the immediate mode are very useful for 
debugging programs. 

. 5. How do you stop a running program and get the cursor back on the 
screen? 

B 6. How do you restart a program at the place it was stopped? 

7. After you stop a running program, how can you find out the value of 
a variable used in the program? 

If you have extra lab time: EXPLORE 
■ Load program BLAST OFF from your diskette. Make the main rou¬ 

tine into an infinite loop so that the rockets blast off again and again. 
Find out what happens to the print speed after you stop the program. 
Explain why the speed did not return to normal. 

■ Load program SYMMETRY from the diskette. Run it once and then 
delete line 135. Is the main routine an infinite loop now? Run the 
program. Explain why the computer remains in graphics mode after 
you stop the program. Use CONT to restart. 

■ Write a program in the form of an infinite loop. Put an END statement 
inside the loop. Run the program. See whether you can restart it by 
using the CONT command. 
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How the GOTO 
Statement Works 

IN • Learn how an infinite counting ioop works, 
THIS SESSION • Learn the form of the infinite ioop biock, 

YOU WILL: • Understand the need to document programs and write 
cieoriy. 

Review 
In Session 38, you used the GOTO statement to skip statements in the 
ROCKET program. You also used the GOTO statement to tell the com¬ 
puter to repeat statements again and again. 

The GOTO statement You found that the number after the GOTO 

tells the computer which line of the program to perform next. For exam¬ 
ple, the statement 

215 GOTO 270 

tells the computer to perform line 215 and then continue with line 270 
next. 

Skipping lines In this example, the computer skips all lines in the 
program between lines 215 and 2 70. Skipping lines is one of the two 
uses of the GOTO statement. In sessions to come, you will see the need to 
skip lines. 

Repeating lines The other purpose of the GOTO statement is to tell 
the computer to repeat some lines of a program again and again. In 
Session 38, you saw many examples of repetition. A group of statements 
performed again and again is called a loop. Every programming lan¬ 
guage gives you a way to make loops. 

Infinite loops In Session 38, you created loops that never ended. 
The computer performed the statements in the loops again and again, 
forever. Such loops are called infinite. Common objects run by com¬ 
puters usually use infinite loops. For example, you would not want the 
computer in a car or a digital watch to stop running. The only way to 
keep the computer going is to loop back over the steps of the program 
again and again. 

Breaking out of ioops You learned how certain control keys affect 
infinite loops. The ( CTRL | s ] key makes the computer stop printing char¬ 
acters on the screen. Another tap of ( Ctrl | $ ] (or any other key) starts 
the printing again. The ( Ctrl | c ] key stops the program and makes the 
cursor reappear on the screen. 
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Restarting a program You learned that the CONT command tells 
the computer to restart a stopped program. The computer remembers 
the value of variables and also remembers the last statement it per¬ 
formed. You also found that while the program was stopped, you could 
use PRINT statements in immediate mode to find what values varia¬ 
bles had. You could also use LET statements to change the value of 
variables before restarting. These are useful things to do when debug¬ 
ging long, complex programs. 

GOTO errors You found in Session 38 that the number after GOTO 

has to be an actual line number in your program. If not, the computer 
said TUNDEF STATEMENT ERROR. You found that it was legal to 
make the line number after GOTO the same as the line number of the 
GOTO statement itself, but the result was simply an infinite loop that 
did nothing. 

A Loop That Counts 
In Session 38, you wrote a four-line program that ‘‘counted.” In other 
words, it printed integers (whole numbers), starting at 1 and going on 
forever. Counting is important in many programs. The computer in a 
digital watch counts the vibrations of a crystal. Video games count up 
your score. Program TURTLE TROT counts the moves of two turtles to 
see whether either one has crossed the finish line. 

The program You entered this program into the computer in Ses¬ 
sion 38: 

100 LET N = 1 
110 PRINT N 
120 LET N = N + 1 
130 GOTO 110 

Line 130 tells the computer to “loop back to line 110.” There is no 
statement that tells the computer to stop looping, so this loop is infinite. 

A contradiction? Line 120 often confuses people. How can any 
number be the same as 1 plus that same number? If the value of N is 
372, for example, line 120 seems to be saying “Let 372 equal 373.” 
That is impossible, of course. In fact, line 120 does not say that N and 
N + 1 are the same. It says something totally different, as you shall see. 
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The model computer Statements such as the one in line 120 occur 
often in programs, almost always inside loops. The model computer can 
help you understand how these statements work. Here is a picture of 
the computer with the program in memory. The HOME and RUN com¬ 
mands have just been entered. 

CONTROL 

This is the complete model, with all its parts. The arithmetic and logic 
unit does the addition in line 120. Note the N variable box in the mem¬ 
ory. The RUN program began by putting a 0 there. 
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Perform LET and move pointer The RUN program tells the com¬ 
puter to perform the LET statement in the first line and then move the 
pointer down. Here is the new state: 

OUTPUT MEMORY 

====f3C> 

( (1 

100 LET N = 1 
110 PRINT N 
120 LET N = N + 1 
130 GOTO 110 

Now there is a 1 in the N box. The LET statement told the computer to 
write 1 there. 

Perform PRINT and move pointer The computer must now perform 
the PRINT statement. Line 110 tells the computer to read the number 
in the N box and write that number on the output scroll. The RUN pro¬ 
gram then moves the pointer to the next line. Here is the new picture: 
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start performing LET Now the computer performs line 120. Re¬ 
member that the computer performs the LET statement in two steps. 
The first step is to “find the value of whatever is on the right side of the 
equal sign.” The value of N is whatever is in the N box. The computer 
must add 1 to that value, so it uses the arithmetic scratchpad, as 
shown: 
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Finish LET and move pointer Now the computer must perform step 
2 of the rules for the LET statement. The computer reads the number on 
the bottom of the arithmetic scratchpad, 2, and writes it in the N mem¬ 
ory box—the box with the same letter that appears on the left side of 
the equal sign. So the computer erases the 1 in the N box and writes a 
new number in the box: 2. Here is the new picture: 

Perform GOTO Following the rules of the RUN program, the com¬ 
puter now places the pointer at line 130. The computer must perform 
the GOTO statement. The rule is very simple. 

The computer’s rule for performing a GOTO statement 

Move the line pointer to the line with the same number as the one 
after the word GOTO. 
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Here is the picture after the computer performs the GOTO statement in 
your program: 
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Perform PRINT and move pointer Now the line pointer is back at 
line 110, the PRINT statement. The computer performs it. Line 110 
tells the computer to read the number in the N box and write that 
number on the output scroll. This time the number in the box is 2. Then 
the computer moves the pointer down. Here is the picture after that 
step: 

Repeat steps Now the computer must perform the LET statement 
in line 120 again. The LET statement tells the computer to find the 
value of the right side. Since there is a 2 in the N box now, the value of 
N + 1 is 3. Then the computer must write the new value, 3, in the N box. 
After that, the computer performs the GOTO, which tells the computer 
to put the pointer back at line 110. 

Infinite loop You can see that the loop goes on forever. Each time 
around the loop, the computer prints the current value of N. Then the 
computer adds 1 to the current value, erases the current value, and 
writes the new value in the N box. 

standard Form of Infinite Loop 
The infinite loop occurs so often in programs that it is important to 
write it clearly. 

Hard to read You created infinite loop programs in Session 38 by 
putting a G 0 T 0 statement at the end of the program. That final position 
of the GOTO statement makes your programs hard to read. Readers will 
not know that you created a loop until they read the GOTO statement at 
the end. If the program is long, they will have a lot of reading. 
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Documenting a loop To make programs easy to read, begin your 
infinite loops with a REM statement. The statement tells the reader 
that the block of statements after REM form an infinite loop. The block 
ends with a GOTO statement back to the REM. It is a good idea to put 
another REM after the GOTO, telling the reader that the loop ends there. 
These REM statements are examples of documentation: the written 
material that helps explain what the program is supposed to do. 

Indent the body You indented the body of a subroutine to make it 
easy to read. A loop also has a body of statements. You can make your 
loops stand out by indenting the body statements. (In Applesoft BASIC, 
you must use colons when you indent.) 

The loop outline Let’s summarize all these good writing ideas in 
an outline you can use when you write any infinite loop: 

_ REM--LOOP FOREMER <0 
_ first body statement 
_ second body statement 

_ etc. 

GOTO_■ ' 

_ REM--END LOOP 

A 

The blanks stand for the actual line numbers you will use. The first line 
tells the reader that a loop block is beginning. The body statements are 
all indented. The final REM statement lets the reader know where the 

loop ends. 
Jump arrow The outline contains a new feature: the arrow from 

the GOTO back to the first REM. This is called a jump arrow. It reminds 
you that the number after the word GOTO must be the same as the line 
number of the REM statement at the beginning. You will use jump ar¬ 

rows often in the future. 
Labeling the target The line that the jump arrow points to is 

called the target of the GOTO. In this book, the targets will always be 
REM statements. The words after REM explain the reason for the jump. 
In the infinite-loop outline, the reason for the jump is to show that the 
loop runs forever. Always use REM labels to explain the jumps in your 

programs. 
Readable programs You should always try to make your pro¬ 

grams easy to read so that other people will know what your programs 
are supposed to do. If others can read your program, they will be able to 
make helpful suggestions. Also, readable programs are easier to 
change. When you read one of your old programs after a few weeks or 
months, you will be able to understand it quickly. 
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Cost of bad writing Bad writing habits are expensive. People have 
to write the programs, change them, keep them up to date, and rewrite 
them for new hardware. Badly written programs make all these jobs 
very much more difficult and expensive. Over a long time, it is probably 
more expensive to correct badly written software than to buy computer 
hardware. 

1. What are the two uses of the GOTO statement? 

2. How can you create a program that has an infinite loop? 

3. How can you tell the computer to pause and restart the screen 
output of a program? 

4. How can you tell the computer to stop performing the state¬ 
ments in a program and then to restart? 

5. What two steps does the computer follow when it performs a 
LET statement? 

6. Suppose the Q box in memory contains the number 873. 
What is in the 0 box after the computer performs the state¬ 
ment below? 

200 LET Q = Q + 3 

7. Suppose the R box and the S box in memory each contain a 7. 
What numbers will be in each box after the computer per¬ 
forms this statement? 

300 LET R = R * S 

8. What does documentation mean? What is its purpose? 

9. What does the jump arrow in a program outline remind you to 
do? 

10. What does the first REM statement in the infinite-loop outline 
tell the reader? 

11. Why is it important to make programs readable? 
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giQ Exploring Numbers 
IN • See how the computer prints very large and very small 

THIS SESSION numbers, 
YOU WILL: • Learn that there is a largest and a smallest number that the 

computer can store. 
• Explore arithmetic and learn how to use parentheses in 

arithmetic problems, 

Large Numbers 
The infinite loop is a useful tool for exploring numbers on the computer. 
In the last two sessions, you saw how to make a counting loop. Let’s get 
started with a multiplication loop this time. Start the computer in 
the usual way, and then enter the program below. 

100 REri--PROGRAM NUMBERS 
110: 
120 LET P = 1 
130 REM--LOOP FOREVER 
140:: PRINT P 
150:: LET P = P * 10 
160: GOTO 130 
170 REM--END LOOP 
LIST 

- Check the program. 

You will be running and changing this program throughout the session. 
Think about what it tells the computer to do. 

1. What is the first value assigned to the variable P in program 
NUMBERS? 

2. What two actions happen inside the loop in program NUMBERS? 

3. What happens to the value of P each time around the loop in pro¬ 
gram NUMBERS? 

Now let’s see what the program does. Run NUMBERS and type 
[ CTRL I s 1 as soon as the screen is half full. At the top of the output, 
the numbers are 1, 10, 10 0, and so on. Something strange appears 
after I00000000, though. The next line is 1E + 0S. 

4. How many zeros are in each of the numbers before lE + 09? 

5. What do you think lE + 09 means? 

Type (CTRL I s ] to restart output. Watch the ouput until the 
computer stops. There is a largest number the computer can store in 
its memory. This program shows roughly what that number is. 
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6. What was the last number the computer printed? 

7. What do you think TOMERFLOW ERROR IN 150 means? 

Let’s do this once more, but this time with numbers that are not 
multiples of ten. 

150:: LET P = P ♦ 3 
LIST 

RUN 
Check the program. 

Look at the output. 

8. The largest number printed by the computer this time was 
a . 92G9G000E + 37. What does E + 37 mean? 

9. How would you write the number 1 #300^000^000 in E-nota¬ 
tion? 

10. About how big is the biggest number the computer can store? 

Small Numbers 
You have seen how the computer prints very large numbers. You have 
also seen the error message for a number that is too big to put into 
memory. Now, let’s change the program and explore very small num¬ 
bers. 

150:: LET P = P / 10 
LIST 

Check the program. 

The / symbol means “divided by.” P is divided by 1 0 each time around 
the loop. P will get smaller and smaller. Run NUMBERS again, but use 
i CTRL I $) right away to stop the output. Notice the first three num¬ 
bers: They are one, one-tenth, and one-hundredth, written with decimal 
points. The next number is IE-03, which is the computer’s way of 
writing one-thousandth. 

Type [ CTRL I s) again. This time, the output does not stop. After a 
while, there are nothing but zeros on the screen. Use ( Ctrl I c 1 to stop 
the program. The computer uses E-notation again, but this time there 
are minus signs after the E’s. 

11. What do you think the number lE-0d means? 

12. What was the smallest number printed before the zeros began? 
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Making a Times Table 
It is easy to change NUMBERS into a program that prints a multiplica¬ 
tion table. If you want a times table for the number seven, just make 
these changes: 

LIST 
115 LET N = 7 
la&zz PRINT N; " TIMES "5 P5 " 
150:: LET P = P + 1 
LIST 

RUN 

IS “5 N * P 

What will RUN tell the computer to do 
now? 

Use ( CTRL I s ] to pause and ( Ctrl I c ] to stop. 

Make a times table for your age: Change line 115 so that N is your 
age. Then run the program. 

Make a division table. An interesting value for N is 720720. 
Change N * P into N / P in line 140. 

Immediate Mode Arithmetic 
As you have seen, the computer can do addition, subtraction, multipli¬ 
cation, and division. You also know that you can enter the PRINT 
statement in the immediate mode, which gives you an easy way to use 
the computer as a calculator. Here are some examples: 

NEN 
PRINT 1001 / 13 

PRINT 3*4 
PRINT 1+2+3+4+5 
PRINT 1*2*3*4*5 
PRINT 9939 - 3456 

The computer prints the answer immedi¬ 
ately. 

Here are more answers. 

Pocket calculators are easier to use than the computer for this kind of 
problem, but once in a while it is handy to use the computer in this way. 
Typing PRINT each time is slow, so Applesoft BASIC gives you a sub¬ 
stitute: 

7100 / 4 
78 * 7 

The question mark means the same as 
PRINT. 

230 Control Statements, Numbers, and Functions 



Order of Arithmetic 
If you want the sum 8 + 4 + 2, it does not matter which numbers the 
computer adds first: Starting at the left, the computer adds 8 + 4, which 
is 1 2; it then adds 2, which is 1 4. But the computer would get the same 
answer if it started at the right: 4 + 2 is 8, and 8 + 8 is 14. 

Sometimes the order matters. For example, what do you think 
PRINT8-4-2 tells the computer to do? Starting at the left, the 
computer would do the subtraction 8-4, which is 4; then it would 
subtract 2 from 4 to get 2 for the answer. But if it started at the right, 
the computer would do the subtraction 4 - 2, to get 2; then it would 
subtract 2 from 8 to get 6. Which answer does the computer actually 
give? Let’s see: 

PRINT 8 — 4 — 2 

PRINT 8 — 4 + 2 

PRINT 8 / 4 / 2 

PRINT 8 / 4 * 2 

Now you know. 

Did the computer start at the left? 

What order did the computer use? 

What was the order? 

13. In what order did the computer perform the arithmetic operations 
in the last four examples? 

When the computer is doing only addition and subtraction, the rule 
is simple. The computer uses the same rule when it is doing only multi¬ 
plication and division. But suppose the computer must add or subtract 
and multiply or divide, all in the same problem. What happens then? 
Let’s see: 

PRINT 8*4+2 
PRINT 8*4-2 
PRINT 8/4+2 

PRINT 8+4*2 

PRINT 8+4/2 
PRINT 8 - 4*2 

14. When the computer adds and multiplies in the same program line, 
which operation is done first? 

15. When the computer adds and divides in the same program line, 
which operation is done first? 

There are no surprises yet. 

This one is different. 

These are also different. 

You now know the rules the computer follows to decide which 
arithmetic operation to do first when there is more than one to do. Now 
you will see how you can change the rules and make the computer do 
things in the order you want: 
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PRINT B + a * 2 The multiplication was done first. 

Notice the different answer. 

That gave the first answer. 

PRINT (8 + 4) * 2 

PRINT 8 + (4 * 2) 

Operations inside parentheses are done before operations outside. The 
last example shows that no harm is done when you put parentheses 

where they are not needed. 

16. When there are several arithmetic operations in one line, how can 
you tell the computer to do one operation before all the others? 

If you have extra lab time: EXPLORE 

■ Can the computer divide a number by zero? Find out. 

■ There is one more arithmetic operation in BASIC. The symbol is.--., 
which is {SHIFT | n ] on your keyboard. Experiment with it. See what 
32, d 2, and 5 2 are, for example. Then try 1 0 1,10 2, 
1 0 3, and so on. 

232 Control Statements, Numbers, and Functions 



How Numbers Work ^ 
IN • Review the form in which the computer prints numbers. 

THIS SESSION • Learn the range of numbers oiiowed in Applesoft BASIC, 
YOU WILL: • Learn the maximum length of a string in Applesoft BASIC, 

• Learn that the computer does not always give perfectly 
accurate numerical answers. 

• Learn the order in which the computer does arithmetic 
operations. 

Review 
In Session 40, you saw that the computer prints very big and very small 
numbers in an unusual way. You found that there is a largest and a 
smallest number that the computer can store in its memory. Finally, 
you discovered that the computer has rules for the order in which it 
performs arithmetic operations. 

Big Numbers 
In Session 40, you used a loop program to explore the way the computer 
handles large numbers. The loop program told the computer to assign 1 
to P, print the value of P on the screen, multiply P by 10, assign the 
result to P, print the new value of P on the screen, and so on. 

Different notation When you ran this program, you saw this list of 
numbers scroll up your screen: 

1 
10 
100 
1000 
10000 
100000 
1000000 
10000000 
100000000 
lE + 0e 
lE+10 
lE+1 1 
etc. 

Each value of P was 10 times as big as the one before. When P reached 
the value of one billion, the computer did not print a 1 followed by nine 
zeros. Instead, it printed 1 E + 0 0. This way of writing numbers is called 

E-notation. lE + 00 means “move the decimal point 9 places to the 
right of the 1.” Some pocket calculators also use E-notation, which is 
sometimes called scientific notation. 
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Biggest number When the computer finished printing IE+ 38, it 
printed TOUERFLOW ERROR IN 150 and stopped. The computer 
stopped because the multiplication by 1 0 in line 1 5 0 gave a number 
that was too big to assign to P. The P box in memory has limits, and 
numbers that do not fall within those limits will not fit in the box. 
When the number exceeds those limits, we say there is an overflow. 

Little Numbers 
Later in Session 40, you changed the program and had the computer 
divide P by 1 0 each time around the loop. When you ran this version of 
the program, the computer printed these numbers: 

1 
♦ 1 
♦ 01 
lE-03 
lE-0a 
lE-05 
etc. 

As before, the number after the E tells where to move the decimal point; 
but the minus sign means “move the decimal point to the left'' For 
example, lE-03 and 0 4 00 1 are the same number. 

Smallest number After the computer printed IE-38, the next 
number that appeared on the screen was zero. The next number— 
lE-33—has too many decimal places to fit in the P box in memory. 
This is called an underflow. The computer does not send an error mes¬ 

sage for an underflow. Instead, it substitutes zero for this very small 
number. 

Allowed Ranges of Data 
You have seen that the computer cannot store every number. Some are 
too large or too small. There are also limits on strings. 

Range of numbers As you saw, the computer could store numbers 
between IE-38, or 

0400000000000000000000000000000000000001 

and lE + 38, or 

100000000000000000000000000000000000000 

Numbers smaller or bigger than these seldom appear in real problems. 
For example, the distance from the earth to the sun, in feet, is 
5 4 1 E + 1 0; and the size of an atom, also in feet, is 3 4 3E- 1 0. 

Range of strings There are also limits on string data. After all, the 
computer has to fit the characters of a string into its memory. Applesoft 
BASIC limits you to strings no longer than 255 characters. If you try to 
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cat6nate two strings into one string that is too long, the computer will 
print TSTRING TOO LONG ERROR. Can you guess what the shortest 
string is? It is the empty string. It contains no characters. 

Different computers Different versions of BASIC on different com¬ 
puters have different limits on the size of numbers and the length of 
strings. You should find out about these limits when you are working 
with a new computer. 

Accuracy of Numbers 
Besides the limit on the size of numbers, there is also a limit on accu¬ 
racy. The computer handles some numbers, such as 1, 2G3, and 
879432, with perfect accuracy. But the computer cannot handle oth¬ 
ers, such as 1/3, with the same accuracy. 

Decimal fractions If you tell the computer to print the result of 
dividing 3 into 1, the computer will print 

♦ 333333333 

Round-off errors This answer is not exactly correct. The computer 
would need to print an infinite number of 3 s after the decimal point to 
give the correct answer. The P box in memory, of course, cannot store 
all those digits. So the computer rounds off to nine decimal digits. 
Rounded-off numbers are usually accurate enough for most problems. 
Once in a while, however, these tiny round-off errors can surprise you. 
Numbers that you think will be the same turn out to be slightly differ¬ 
ent. 

The Order of Arithmetic 
In Session 40, you experimented with expressions that contained sev¬ 
eral different operators. You saw that the computer does arithmetic in a 
certain order, and you used parentheses to control the order. 

Long expressions You found that the computer can do arithmetic 
when there are several operators in a single expression. For example, 
the statements 

PRINT 2 + 3 + 5 + 7 
PRINT 2 ^ 3 * 5 * 7 

are easy to understand. The first statement tells the computer to add 
the four numbers and print the sum. The second one tells the computer 
to multiply the four numbers together and print the product. 

Mixing addition and subtraction You also found that you could 
mix plus and minus signs in an expression, such as this one: 

PRINT 7 - 5 + 3 - 2 

The computer starts at the left; computes 7 - 5 to get 2; then adds 3 to 
get 5; finally, it subtracts 2 and gets 3, which it prints on the screen. 
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Mixing muitipiication and division If you enter this statement, 

PRINT 1000 / 100 ^ 2 / 5 

the computer again starts at the left; computes 1000 / 100 to get 1 0; 
then it multiplies 1 0 by 2 to get 20; finally, it divides 20 by 5 and gets 

d, which it prints. 
Mixing addition and muitipiication If you enter these statements 

PRINT 3 * 5 + 2 
PRINT 2+3*5 

the computer gives exactly the same answer. This time the computer 
does not start at the left; it does not give 1 7 as the first answer and 2 5 
as the second. Instead, it performs the multiplication before the addi¬ 
tion in both statements. 

Using parentheses To make the computer do the additions first, 
you used parentheses. Here are the changed versions of the last two 
print statements: 

PRINT 3 * (5+2) 
PRINT (2+3) * 5 

Now the computer will do the arithmetic inside parentheses before any¬ 
thing else. The first result is 21, and the second one is 25. 

Order of arithmetic The computer follows a few simple rules when 
it performs arithmetic in long expressions. There is one main rule, 
which has two exceptions. The main rule is that the computer starts at 
the left and works its way to the right, just as you read words in a 
sentence. Here are the exceptions: 

1. The computer multiplies and divides before it adds or subtracts. 

2. The computer does the arithmetic inside parentheses before 
anything else. 

The first line below shows a complicated example of arithmetic. Each 
line shows one step in finding the result, using the two rules above: 

Step 1: 10 - 4 * ( 3 - 1 ) / (2 + 2 ) + 3 

Step 2: 10 - 4 •M- 
V 

i-y aL. / (2 + 2 ) + 3 

Step 3: 10 - 4 •M- / 4 + 3 

Step 4: 10 — 8 / 4 + 3 

Step 5: 10 

•\ 
+ 3 

Step 6: 8 + 3 

Result: 1 1 
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Extra parentheses You found in Session 40 that it was perfectly 
OK to put parentheses where none were needed. The computer ignored 
them. So, if you do not know whether you need parentheses, it is better 
to put extra ones in than to leave necessary ones out. 

1. Write each one of these numbers in E-notation: 

a. 1000000000 c. 50000 
b. 125 d. 1 

2. Convert each number below from E-notation to ordinary 
numbers. Use decimal points in your answers. 

a. lE + 0a c. 9*87GE + 03 
b. 1 ♦ 2345BE + 02 d. 3*2E+10 

3. Write each one of these numbers in E-notation: 

a. *000000001 C. *00000007 
b. *0235 d. *1 

4. Write each number below as ordinary decimal numbers. 

a. lE-04 c. GE-03 
b. 1*34E~03 d. lE-01 

5. Why are computers unable to store numbers larger than a 
certain limit? 

6. What range of numbers can Applesoft BASIC store in memory? 

7. What range of string lengths can Applesoft BASIC store? 

8. Can the computer handle the number one-third with perfect 
accuracy? Why not? 

9. Use the computer’s rules for arithmetic to find answers to all 
the problems below. 

a. 3 + 4*2 
b. (2 + 4) *2-6 
c. 2 + (6 + 3) / 3*2 
d. 10-4* (3-1)/ (2 + 2) +3 

iO. Look at the problems below. Which part of each problem will 
the computer perform first? Why? 

a. 8-4-2 
b. 8 - (4-2) 
c. 8-4*2 
d. 2 + 3* (4-2*3) + 2 
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^ Exploring Functions 
IN • Explore the LEN, MID$, INT, SQR, and RND functions, 

THIS SESSION • Use the INT and RND functions to moke random integers. 
YOU WILL: • Read programs that use random integers, 

The LEN Function 
You used the infinite loop to study numbers. Now you will use the loop 
to explore something new: functions. Start the computer with your 
diskette in the usual way. Then enter the program below. 

100 REM--PROGRAM FUNCTIONS 
110: 
130 REM--LOOP FOREMER 
140:: INPUT P$ 
145:: LET N = LEN (P$) 
150:: PRINT N 
1B0: GOTO 130 
170 REM--END LOOP 

Line 1 4 0 of this program asks the user to input a string. In line 
145, LEN (P$) is an example of a BASIC function. Let’s find out what 
that function does. 

Run the program and enter each of these strings: DOG, 
AARDMARK, MISSISSIPPI, 5280, and Z. After each input, press 
the (RETURN 1 key and see what the computer does. See what hap¬ 
pens when you simply press ( return ]. When you finish, use ( Ctrl I c ] 
and (RETURN ] to stop the program. 

1. What do you think LEN ( P$ ) tells the computer to do? Explain in 
your own words. 

2. If A$ is “TELEUISION”, what is LEN ( A$)? 

The MID$ Function 
Let’s go on to another function. Change lines 145 and 150 of pro¬ 
gram FUNCTIONS to look like this: 

100 REM--PROGRAN FUNCTIONS 
110 s 
130 REM--L00P FOREMER 
140 s s INPUT P$ 
145:: LET A$ = MID$ (P$# 3f 1) 
150:: PRINT A$ 
1G0S GOTO 130 
170 REM--END LOOP 
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145: 

Notice that P$ appears both in the INPUT statement and as part of 
the MI D$ function. Line 145 tells the computer to assign the value of 
the MI D$ function to A$. Run the program and enter the following 
strings: ABCDEF, CHARLIE, SKYSCRAPER, and 12345B7. 
Remember to press ( return ] after entering each string. See what 
the computer prints in response. Use ( ctrl I cl and ( return 1 to stop 
the program. 

LET A$ = MID$ (P$f 2f 4) 
Make a change in line 145. 

Run the program again and enter the strings TWINKLE, BLIMP, 
and PRICES. Watch what happens in each case. 

3. What does the NID$ function do? Explain in your own words. 

4. If W $ is ” H 0 W D Y ", what isMID$ (N$^ 2# 2)? 

5. If B $ is "PARTNER", what isMID$ (B$^ If 4)? 

The INT Function 
Make changes in lines 140, 145, and 150 so that program 
FUNCTIONS looks like this: 

100 REM--PROGRAM FUNCTIONS 
110 s 
130 REM--L00P FOREMER 
140:: INPUT A 
145:: LET N = INT (A) 
150:: PRINT N 
1G0S GOTO 130 
170 REM--END LOOP 

Line 140 tells the computer to accept a number from the user. Line 
145 tells it to assign to N the I NT of that number. Line 1 50 tells the 
computer to print the value of N. Run the program for each of the 
following inputs: 1, 2, 3, 3*5, 3*939, 4, and 53*7. Press the 
(RETURN ] key after each input and see what the computer does. 

6. What does the INT function do? 

Your computer should still be running the program. If not, run it 
again. Input each of the following values: 0, -1, -2, -2*1, -2*9, 
-3, -3*1, and -45*1. Press ( return ] after each input and see what 
the computer does. Use [ ctrl I c ] and ( return ] to stop the program. 

7. You may wish to change your answer to question 6. How would you 
answer question 6 now? 

8. What is the value of INT (153421)? 

9. What is the value of INT (-153421)? 
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The SQR Function 
Now, let’s look at a new function. Change line 145 of program 
FUNCTIONS to look like this: 

100 REM--PROGRAM FUNCTIONS 
110; 
130 REM~-LOOP FOREUER 
140;; INPUT A 
145:: LET N = SOR (A) 
150;; PRINT N 
1G0; GOTO 130 
170 RE11--END LOOP 

Let’s see what the SOR function does. Run the program and 
enter the numbers 4, 9, 25, 49, 100, 2, and -25. Press the ( return ] 

key after entering each number and see what the computer prints. 

10. What the does the SOR function do? 

^ 11. What is SOR ( 3G )? 

B 12. What happens if the computer tries to use SOR with a negative 
number? 

The RND Function 
We will look at a very important function next. Delete line 140 and 
change line 145 so that program FUNCTIONS looks like this: 

100 REM--PROGRAM FUNCTIONS 
110; 
130 REM--L00P FOREUER 
145:: LET N = RND (1) 
150; ; PRINT N 
1B0; GOTO 130 
170 REM--END LOOP 

Notice that there is no INPUT statement this time. RND ( 1 ) is an 
unusual function: It produces numbers that do not depend on the num¬ 

ber in parentheses. Run the program. Stop and restart the output 
several times with ( ctrl I s ]. Each time you look at the output on 
the screen, think about the questions below. When you have seen 
enough, stop the program with ( ctrl | c ]. 

13. What was the largest number you saw on the screen? 

14. What was the smallest number you saw on the screen? 

15. Was there any pattern to the numbers? 
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Using Functions 
Now that you know how these functions work, let’s see how to put them 
to use. The RND function makes random numbers. I NT turns numbers 
into integers. There ought to be a way to combine RND and I NT to get 
random integers. Here it is. 

145:s LET N = 40 * RND (1) 
Multiply the RND function by 40. 

Run the program. Stop and restart the output several times with 
[ CTRL I s ). Look carefully at the numbers on the screen each time 
you stop the output. When you have seen enough, use ( ctrl I c 1 to 
stop the program. 

145:: LET N = INT (40 ♦ RND (1)) 
Now use the INT function. 

Think about what line 145 tells the computer to do. Run the pro¬ 
gram. Stop and restart the output as before. Examine the num¬ 
bers produced by the program. Use ( ctrl I c 1 to stop. 

16. What was the largest number you saw? 

17. What was the smallest number you saw? 

18. What does this version of the program do? Explain in your own 
words. 

If you have extra lab time: EXPJ.aRE 
■ In the final version of program FUNCTIONS, you used the expression 

INT (40 * RND (1)) 

Find similar expressions in program BOXES. Then explain how the 
expressions are used in BOXES. 

■ The RUN RACE subroutine in program LITTLE TROT uses the RND 
function. List the subroutine and try to understand the purpose the 
RND function serves in that program. 
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f=-= How Functions Work 
IN • Review the functions used in Session 42, 

THIS SESSION • Learn that a function has a name, a vaiue, and a type, 
YOU WILL: • Understand that a function is a process, 

• Learn that a function usuaily takes in a value and always 
returns a value. 

The Form of Functions 
Nearly all programming languages come with built-in words called 
functions. In Session 42, you explored five Applesoft BASIC functions. 

Why have functions? Functions are important because they give 
you new ways to tell the computer to process data. You already know 
how to tell the computer to add, subtract, multiply, and divide numbers 
and to catenate strings. But without functions, it would be hard to tell 

the computer to take the square root of a number, to print the first 
character of a string, or to print the length of a string. You learned how 
to use functions for those jobs. 

Form of a function In BASIC, all functions have the same form. 
When you type a function on the keyboard, you begin with its name. 
Then you type a left parenthesis. Then comes an expression, such as the 
name of a variable or a constant or combinations of variables and con¬ 
stants. Some functions, such as M I D$, need more than one expression. 
Each expression is separated from the next by a comma. Finally, you 
type a right parenthesis. Here are examples of correctly written func¬ 
tions: 

LEN ( '■ AARDUARK " ) 
INT (100 / 3) 
SQR (49) 
MID$ (N$ ^ 1 ^ J) 

Parameters There is a special word for the expressions between 
parentheses in functions. They are called parameters. In the previous 
examples, " AAR DU ARK " is the parameter of the LEN function, and 49 
is the parameter of the SQR function. Sometimes people use argument 
as a synonym for parameter. 

Number of parameters In Applesoft BASIC, all functions have at 
least one parameter. The M I D$ function has three parameters. In some 
versions of BASIC, there are functions with no parameters. For exam¬ 
ple, the statement 

LET D$ = DATE$ 

would tell some computers to read today’s date from its electronic calen¬ 
dar and assign the value as a string, such as ” 10/22/83", to D$. 
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DATE$, without any parentheses after the name, is an example of a 
function with no parameter. Again, there are no functions without pa¬ 
rameters in Applesoft BASIC. 

Result There is one more special term used to describe functions: 
result. The result is the value to which the function is equal. The result 
of SQR ( 49 ) is 7. The result of I NT (100 / 3 ) is 33. People also say 
that a function “returns” its result: LEN ( ” A ARDMARK “ ) returns 8 as 
the result. 

Type Like a variable or a constant, a function also has a type: 
either numeric or string. The type of a function is the same as the type 
of data it returns. For example, I NT returns a number, so it is a nu¬ 
meric function. M I D$ returns a string, so it is a string function. What 
type do you think LEN is? LEN has a string parameter, but it returns a 
number. The data returned is what matters, so LEN is a numeric func¬ 
tion. 

Expressions You learned in Part 5 that an expression is anything 
with a value. Variables, constants, and operators can be combined into 
expressions. Since a function also has a value, you can use a function in 
an expression. You may be glad to know that the list of things that can 
go into expressions is now complete. Here are examples of correct ex¬ 
pressions that include functions: 

40 * RND (1) 
LEN (''SNAIL”) / 2 
MID$ ("RUNNER”^ 1^ 4) + ■‘ING” 
INT (SQR (10)) 

Look over each expression above and think carefully about what it 
means. The last example is a function used as the parameter of another 
function. That expression is legal, since a parameter can be any expres¬ 
sion, and a function is an expression. The computer first finds the 
square root of 1 0 (about 3.1 G) and then finds the integer part of that 
number (3). 

Functions as Processes 
Like variables, each function has a name, a type, and a value. For 
example, the name of the string-length function is LEN; its type is nu¬ 
meric; and its value is the number of characters in the string written in 
parentheses after LEN. But there is one big difference between func¬ 
tions and variables. 

Variables are places Suppose you use the variable N in a pro¬ 

gram. It too has a name (N), a type (numeric), and a value (whatever is 
stored in the N box in the computer’s memory). As you learned in Part 5, 
a variable is a place in memory. Variables get their values by assign¬ 
ment. For example, LET N = 10 tells the computer to put 1 0 in the 
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place named N. INPUT P tells the computer to take the number entered 

by the user and put it in the place named P. 
Functions are processes Functions are not places in memory. It 

would be incorrect to write LET INT (2t3) = 17, There is no place in 
memory named INT ( 2 ♦ 3 ), so it makes no sense to try to assign 1 7 to 
it. Functions are processes that produce results. For example, the LEN 
function carries out this process: (a) count the characters in the string 
parameter; (b) return the number as the result. 

Functions and subroutines A function behaves more like a subrou¬ 
tine than a variable. Each one tells the computer to carry out the steps 
of a process. The difference is that a function always returns a value, 

but a subroutine does not. 
Where are the steps? You may be wondering how the computer 

knows the steps of the LEN function or the SQR function. Unlike the 
steps of a subroutine, which are just BASIC statements iYidXyou write, 
the steps of these built-in functions are machine-language instructions. 
They are stored on the same ROM chips that contain the LIST pro¬ 
gram, the RUN program, and all the other instructions that tell your 
computer how to perform a BASIC program. 

Value-in Value-out Tables 
Every function returns a value. Usually the value depends on the pa¬ 
rameter (or parameters) that appear in parentheses after the function 
name. For example, SOR ( 9 ) returns the value 3 and SOR ( IS ) re¬ 
turns the value 4. Think of the parameter as a value that goes in and 
the result as the value that comes out of the function. The function 
takes in one or more items of data, processes the data, and puts out one 
item of data. A very good way to find how a function works is to look 

carefully at what goes in and what comes out. The table on the next 
page should help you understand the functions you have been studying. 

A portable com¬ 
puter like this is 
good for doing 
calculations. 
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Function Value(s) In Value Out 

LEN 

MID$ 

INT 

SOR 

"AgERYLONGNORD” 13 
"ROCKET” G 
II -7 II j 

"COMPUTER"t af 3 "PUT" 
"COMPUTER" ^ G ^ 1 "T" 
"COMPUTER" t 2 ^ 0 

aL. 4 X 

rp 

1*909 
1 * 1 
1 
0 * 1 
0 

-0 * 1 
-1 

100 
Ga 

iL. 

0 

1 
1 
1 
0 
0 

-1 
- 1 

10 
G 
1*4142135 
0 

The RND function The random-number function is not included in 
the value-in value-out table because the value out has little relation 
to the value in. This function returns numbers between 0 and 
*999999999 no matter what the parameter is. For all parameters 
greater than zero, RND returns numbers that seem to be scattered as if 
by chance. (Zero or negative parameters have other effects. For details, 
see the Applesoft manuals.) 

Other functions Applesoft BASIC contains about 20 functions alto¬ 
gether. As you become more expert at using the computer, you will need 
some of them. The Applesoft manuals will tell you more about them 
when that time comes. 

Making Random Integers 
We close this session with two simulations that use functions. The RND 
and INT functions are used very often in programs to generate random 
integers. For example, you might like the integers 1 and 2 to stand for 
the two sides of a coin. If you want to ‘‘flip the coin” in a fair way, the 
computer must return these two integers at random. The random inte¬ 
gers from the set 1, 2, 3, 4, 5, and 6 can stand for the roll of a die. In 
Session 42, you saw examples of random integers. Let’s return for a 
closer look. 
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Heads or tails Suppose you want a computer to simulate a tossed 
coin by returning integers at random from the set 1 and 2. The follow¬ 

ing expression will do that. 

I NT (2 # RND (1) ) + 1 

Here is how the expression works. RND ( 1 ) returns a random number 
between 0 and 0»999999990. Next the computer multiplies that 
number by 2. The result, a number between 0 and 1 ♦99999999, is the 
value in of I NT. So I NT returns 0 if the number is between 0 and 
0^ 999999999 and 1 if the number is between 1 and 1 ♦99999999. 
The last step is to add 1 and get either 1 or 2 as the value of the whole 
expression. 

Dealing cards Suppose you wanted to simulate dealing cards from 
a deck. There are 52 cards in a deck, so you need a set of random inte¬ 
gers from 1 to 52. This expression is just what we need: 

INT (52 * RND (1)) + 1 

You should be able to figure out how this works. For example, see what 
value comes out when RND returns 0^1; try again with 0^5. You 
should get G and 27 as the two results. 

1. How is a function like a variable? 

2. How is a function different from a variable? 

3. Why does this statement make no sense? 

LET LEN ( "SNAILS”) = 3 

4. What is the parameter of INT (23^7G)? 

5. What is the result of INT (23^7G)? 

6. Can you use the terms value in and value out to explain how 
the LEN function works? 

7. If A$ is "MISSISSIPPI", what is the result of 
MID$ ( A$ ^ Gf 2)? 

8. What is the result of SQR ( 25 )? 

9. What happens if the parameter of SQR is negative? 

10. What does RND ( 1 ) tell the computer to do? Explain in your 
own words. 

11. What are the largest and smallest numbers that can come out 
of this expression? 

INT ( 13 ^ RND ( 1 ) ) 4- 1 
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A N©w Kind 
of Jump 

IN • Use on IF statement to tell the computer when to jump to 
THIS SESSION another statement. 

YOU WILL: • Use the symbols =, < >, >, < =, <, and >= in IF statements. 
• Use AND and OR in IF statements. 

Fixed Statement Order 
In Sessions 38 and 39, you learned how to use the GOTO statement to 
change the order in which the computer performs statements. For ex¬ 
ample, GOTO 215 tells the computer to put the line pointer at line 215 
and start performing statements from there. In this session, you will 
learn about the IF statement. IF is similar to GOTO, except for this: 
GOTO always tells the computer to move the line pointer, but I F some¬ 
times tells the computer to move the pointer and sometimes tells the 
computer to leave the pointer where it is. 

Let’s start with a very simple program. It will become part of an 
infinite loop soon; so let’s type the colons that indent the body now. 
Start the computer as usual and then enter these lines: 

40s: PRINT "NO "5 
50:: PRINT "JUMP" 
RUN 

30:: GOTO 50 
RUN 

LIST 

You should see NO JUMP printed under the 
RUN command. 

Now you should see only JUMP. 

Look at the program. 

1. Why did the first version print NO and JUMP on one line? 

2. Why did the second version print only JUMP? 

Without the GOTO statement, the program did one thing. With the 
GOTO statement, it did another. Now let’s make a change so that the 
program can do both things. 

20:s INPUT A$ 
30:: IF A$ = "YES" THEN 50 
LIST 
. . Look this over carefully. Think about what 

line 30 tells the computer to do. 
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You should have NO JUMP first and JUMP 

second. 

RUN 
?NO 
RUN 
?YES 

3. What do you think line 30 tells the computer to do when you enter 

YES as input to the program? 

4. What do you think line 30 tells the computer to do when you enter 

NO as input to the program? 

Exploring the IF Statement 
You have just seen that the I F statement sometimes acts like a GOTO 
statement and sometimes does nothing. The explanation is in the 
phrase written between I F and THEN. The phrase is A$ = “ YES ". Let’s 
explore that phrase and some other ones. This will be much easier to do 
if the program is written as an infinite loop. Change the program to 
look like this: 

10 REM--LOOP FOREMER 
20 s s INPUT A$ 
30ss IF A$ = "YES" THEN 50 
40 s s PRINT "NO " ? 
50 s s PRINT "JUMP" 
B0: GOTO 10 
70 REM--END LOOP 

Run the program and reply to the input prompt with the fol¬ 
lowing six strings, pressing ( return ] after each: 

X Y YE YES YESSIR Z 

When you finish, type ( ctrl I c ] and press ( return ] to stop the pro¬ 
gram. 

Now list the program. Retype line 30, changing the = symbol 
to < > ♦ Then run the program again and enter the same input 
strings as before. 

5. When you used the symbol =, which string or strings caused a jump? 

6. When you used the symbol < >, which string or strings caused a 
jump? 

7. What do you think the < > symbol means? 

If you have not stopped the program, do so now. List it and 
change the < > symbol in line 30 to a > symbol. Run the program 
again and enter the same input strings as before. 

Stop the program, list it, and change the > symbol in line 30 
to a < = symbol. Run the program and enter the same input strings. 
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8. When you used the symbol >, which string or strings caused a 
jump? 

9. When you used the symbol < =, which string or strings caused a 
jump? 

10. What do you think the > symbol means when it is used with 
strings? 

11. What do you think the < = symbol means when it is used with 
strings? 

If you have not stopped the program, do so now. List it and 
change the < = symbol in line 30 to a < symbol. Run the program 
again and enter the same input strings as before. 

Stop the program, list it, and change the < symbol in line 30 
to a > = symbol. Run the program and enter the same input strings. 

12. When you used the symbol <, which string or strings caused a 
jump? 

13. When you used the symbol > = , which string or strings caused a 
jump? 

14. What do you think the < symbol means when it is used with 
strings? 

15. What do you think the >= symbol means when it is used with 
strings? 

The IF Statement with Numbers 
You have seen how the IF statement works with strings and the sym¬ 
bols =, < >, >, < =, <, and > =. Now let’s see how these symbols work with 

numbers. Stop the program if it is still running. Then change lines 
20 and 30 so the program looks like this: 

10 REM--L00P FOREt^ER 
20:: INPUT N 
30: : IF N = 7 THEN 50 
40: ; PRINT "NO " ? 
50 s s PRINT "JUMP" 
G0S GOTO 10 
70 REM--END LOOP 

Run the program and reply to the input prompt with the fol¬ 
lowing numbers, one at a time: 

5 B 7 8 9 

When you finish, type [ Ctrl I c) and press [ return ] to stop the 
program. 

Now list the program. Repeat the experiments you did before 
with strings, each time changing the symbol from = to <>, then to 
>, and so on. Enter the same five numbers each time. 
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16. For each of the six phrases below, which numbers that you entered 
caused jumps? 

Phrase Number Entered 

N = 7 5 B 7 8 9 
N 

.. 
\ / 5 B 7 8 9 

N > 7 5 B 7 8 9 
N <= 7 5 B 7 8 9 
N < 7 5 B 7 8 8 
N >= 7 5 B 7 8 8 

17. What do each of these six symbols mean when used with numbers? 

More Than One Phrase 
You should now have a very good idea of how the I F statement works 
and what those six special symbols mean. So far, the phrase in the I F 
statement has had only one symbol in it. Now let’s look at a more com¬ 
plex phrase. Stop the program if it is still running. Then change 
lines 20 and 30 so the program looks like this: 

10 REM--LOOP FOREMER 
20:: INPUT N t A$ 
30:: IF N = 7 AND A$ = “YES” THEN 50 
40 s s PRINT "NO " ? 
50 s s PRINT "JUMP" 
G0S GOTO 10 
70 REM--END LOOP 

Run the program and reply to the input prompt with the fol¬ 
lowing number and string pairs. Press ( return ] after each pair: 

7#YES 7 fHQ 5#YES 5 fNO 

When you finish all four pairs, type ( ctrl 

stop the program. 
and press ( return ] to 

18. Which pair or pairs caused a jump to happen? 

19. What do you think AND means in line 30? 

Now list the program. Change AND to OR in line 30, but leave 
everything else the same. Run the program and reply to the input 
prompt with the same four pairs as before, one pair at a time. 
Type ( CTRL I c ] and ( return ] when you finish. 

20. Which pair or pairs caused a jump to happen? 

21. What do you think OR means in line 30? 
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If you have extra lab time: EXPLORE 
■ Write a program that asks the user to enter a number and then prints 

the square root of the number. The program should be in the form of 
an infinite loop. Now use an I F statement to tell the computer to stop 
looping if the number entered is negative. 

■ Program S VT111E T R Y uses an I F statement to decide when to stop 
looping. Find this statement and explain how it works. 

■ Program LITTLE TROT uses an I F statement with more than one 
condition to make the computer decide when the race is over. Find 
this statement and see if you can figure out how it works. The state¬ 
ment you are looking for is in the RUN RACE subroutine. 

Left: Old cash registers worked mechanically. Right: The new digital cash 
registers are much faster and can do many more things. 
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^ How the IF Statement 
Works 

IN • Learn how to write correct IF statements. 
THIS SESSION • Learn how the computer performs on IF statement. 

YOU WILL: • Learn how comparison operators work. 
• Learn how compound conditions work. 

The Power of the IF Statement 
In Session 44, you explored a new feature of the computer. Until then, 
the computer always performed the statements in your programs in a 
fixed order. If they were all action statements, the computer performed 
them in straight-line order, starting at the top. Control statements 
allow you to change the order. 

Jump every time If there is a GOTO statement in a program, the 
computer jumps to another statement. This is called an unconditional 
jump. There is no condition under which the computer will not make 
the jump. It always happens. So a program that contains only action 
and GOTO statements is very rigid: The computer always performs the 
statements in a fixed order. 

Jump sometimes The I F statement tells the computer to make a 
jump, but not always. Certain conditions have to be met first. You 
explored conditions, such as A$ = "YES” and N .> 7. If the condition 
was true, the computer made the jump. If not, the computer simply 
went on to the next statement after the I F statement. The I F state¬ 
ment in BASIC is an example of such a conditional jump. 

Why conditional jumps? You used the GOTO statement to tell the 
computer to loop back to an earlier statement. You quickly found that 
such loops went on forever: They were infinite loops. The I F statement 
gives you a way to tell the computer to jump out of the loop if some 
condition becomes true. You also used the GOTO statement to tell the 
computer to skip forward over one or more statements. The I F state¬ 
ment gives you a way to tell the computer to skip only if some condition 
is true. Most of the remaining sessions in this book will show how to use 
the I F statement for these two purposes. 

How Does the IF Statement Work? 
Before you learn how to use the I F statement to solve problems, you 
need to know how to write IF statements correctly and to understand 
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how they work. Most I F statements have this form: 

IF condition THEN number 

The condition is composed of comparisons, such as P >= G or 
G$ = "QUIT". A simple condition contains one comparison. A com¬ 
pound condition has more than one comparison, such as D = 5 AND 
P > 0. The number after THEN must be the same as the line number of 
some statement in the program. All the IF statements you will see in 
this book tell the computer to jump forward. In other words, the line 
number after THEN is always greater than the line number of the I F 
statement itself. As you will soon see, programs written this way are 
easy to read and change. 

The computer’s rules for performing the IF statement 

1. Decide whether the condition (the phrase between IF and 
THEN) is true. 

2. If the condition is true, move the line pointer to the line with 
the number that appears after THEN. (If the condition is false, 
the RUN program moves the line pointer to the line after IF.) 

Computer decisions To carry out step 1, the computer uses its 
arithmetic and logic unit (ALU). This may come as a surprise, since 
making a decision does not seem very much like doing arithmetic, 
which is the only thing you have seen the ALU do before now. In fact, 
deciding whether A > B is true is a kind of arithmetic. It is called log¬ 
ical arithmetic, and it is very similar to the arithmetic you already 
know. 

A logical result When you see the expression A + 0, you know that 
the result is going to be a number. The expression A > B also has a 
result, but it is not a number. Instead, the result can be one of only two 
things: either true or false. The rules of addition are wired into the 
circuits of the ALU; so it can calculate 53 + 32 and get the result 85. 
The rules for comparing two numbers are also wired into the ALU; so it 
can calculate 53 > 32 and get the result true. It is the true or false 
result that tells the computer whether or not to carry out the IF-state¬ 
ment jump. 

New operators You know that the symbols +, ~, *, and / are 
operators. They tell the computer to perform the rules of arithmetic on 
the numbers to the left and right of the operator. The six symbols =, 
< >, >, < =, <, and >= are called comparison operators. They tell the 
computer to perform the rules of logical arithmetic on the numbers or 
strings to the left and right of the operator. 
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Comparison Operators 
The condition in the I F statement is made up of one or more compari¬ 

sons. A comparison is always formed by two pieces of data separated by 
a comparison operator. In Session 44, you used all of the six comparison 
operators possible in BASIC. You used them with both numbers and 
strings, and you found that the meanings were different in the two 
cases. Let’s look closely at a numeric comparison. 

Comparing numbers How does the computer make a comparison? 
Here is a typical numeric comparison: 

X + 3 < 3 * Y 

That expression is a mixture of arithmetic operators and a comparison 
operator. Which do you suppose gets done first? The answer is that all 
arithmetic is done before the comparison begins. The computer must 
first convert the numeric expressions on either side of the comparison 
operator (<) into numbers. In the case above, if X has the value 2 and Y 
has the value 4, the computer would translate the comparison to 

<=r /• 1 
'ImJ \ X 

The arithmetic and logic unit would judge this comparison as true. No 
matter how complicated the expressions in the comparison, the com¬ 
puter must be able to convert them into two numbers before making the 
comparison. 

Numeric comparisons This table contains all six possible compari¬ 
son operators and gives their meaning when used to compare numbers: 

Comparison Operators 

Operator Meaning When Applied to Numbers 

= equal to 
< not equal to 
> greater than 
< = less than or equal to 
< less than 
>= greater than or equal to 

The terms greater than and less than refer to a number’s position on the 
number line. 

-3 -2 -1 0 

A-lesser — —greater 
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For example, 2 is greater than 1, and 2 is also greater than -3. This is 
true because, on the number line, 2 is to the right of 1 and also to the 
right of -3. Notice also that -1 is greater than -2 because -1 is “more 
positive” and to the right of -2. 

Comparing strings A comparison using strings might look like 
this: 

A$ >= Wl$ + W2$ 

The computer does the catenation before it compares the strings, just as 
it does the arithmetic before it compares numbers. Suppose that the 
strings had these values: A$ = "HAMBURGER", Nl$ = "HAM", and 
N2$ = "BONE". After catenation, the comparison would look like this: 

"HAMBURGER" > "HAMBONE" 

What do you suppose the symbol > means this time? As you may have 
guessed from your explorations in Session 44, the computer uses dic¬ 
tionary order to decide about strings. The arithmetic and logic unit 
judges this comparison true because HAMBURGER comes later in the 
dictionary than HAMBONE. 

String comparisons This table contains all six possible comparison 
operators and gives their meaning when used to compare strings: 

Comparison Operators 

Operator Meaning When Applied to Strings 

= at the same place in the dictionary 
< > not at the same place in the dictionary 
> later in the dictionary 
< = earlier or at the same place in the dictionary 

earlier in the dictionary 
>= later or at the same place in the dictionary 

Dictionary order Of course, not all strings are words in the diction¬ 
ary; but the rules of dictionary order apply to nonwords. The compari¬ 
son "AARRGH" > "AARDMARK" is true because A ARRGH, if it were a 
word, v/ould appear later in the dictionary than AARDUARK. 

Other characters Strings can also contain punctuation marks, 
spaces, and numeric digits. You can think of all these as letters in one 
big alphabet: The space comes first, then most of the punctuation 
marks, then the digits, and finally the letters. It is legal to compare 
"ABC" to "123", but you cannot compare "ABC" to 1 2 3. If you com¬ 
pare a string to a number, the computer gives you a ? T Y P E MISMATCH 
message. For more details, see your Applesoft manuals or do some ex¬ 
perimenting on the computer. 
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Compound Conditions 
In Session 44, you used the following compound condition: 

IF N = 7 OR A$ = "YES" THEN 50 

The condition in the IF statement is compound because there are two 
comparisons between IF and THEN. They are separated by the word 
□ R. The compound condition is: 

N = 7 OR A$ = "YES” 

Compound with OR The whole condition above is true if either 
part is true. That is, if N is 7, or if A$ is YES, or both, the condition is 
true. The whole condition is false only if N is not 7 and A$ is not YES. In 
this example, there are only two comparisons in the condition, but 
there can be more than two. When the word OR is used between the 
parts, the whole condition is true if any one of the parts is true. 

Compound with AND You also used the word AND between com¬ 
parisons in Session 44. Here is another example: 

A$ > B$ AND X = Y 

The compound condition is true if both conditions are true. It is false if 
either comparison is false. A condition can have several comparisons 
separated by AND. Here is an example: 

comparison 1 AND comparison 2 AND comparison 3 

All the comparisons must be true for the whole condition to be true. If 
any one of the comparisons is false, then the condition is false. 

Compound with both AND and OR Both AND and OR separate the 
comparisons in certain compound conditions. Here is an example: 

A$ > B$ AND X = Y AND C > 0 OR Nl$ = N2$ 

The logic of this compound condition is hard to follow, especially since 
there are no parentheses. There are four comparisons in the condition. 
Is the condition true if the first three comparisons are true or the last 
one is true? Is the condition true if the first two comparisons are true 
and either the third or fourth is true? Because of this confusion, it is 
best to steer clear of complicated compound conditions that use both 
AND and OR. If you need to use both AND and OR, be sure to use paren¬ 
theses to make your meaning clear. 

Condition determines outcome The important thing to keep in 
mind is that the I F statement uses a condition to determine what state¬ 
ment the computer performs next. It makes no difference whether the 
condition is simple or compound or whether numbers, strings, or both 
are used in the comparison. If the condition is false, the computer goes 
on to the next line after the I F. If the condition is true, the computer 
jumps somewhere else. 
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1. What is a compound condition? 

2. If the condition in an IF statement is true, which statement 
will the computer do next? g 

3. If the condition in an IF statement is false, which statement 
will the computer do next? 

4. Why is the GOTO statement sometimes called an unconditional 
jump statement'^ 

5. Are the following comparisons true or false? 

a. 4 * 5 >= 16 + 2 
b. "KIT" > "KITTYCAT" 
c. 350 >= 250 
d. "ABACUS" < "COMPUTER" 

6. Are the following conditions true or false? 

a. 4 > 2 OR "DOG" > "CAT" 
b. 3 > 4 OR 10 > 12 OR "A" > "B" 
c. 4 > 2 AND "DOG" > "CAT" 
d. 3 < 4 AND 10 < 12 AND "A" < "B" 
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Part 6 
Vocabulary Table 
Words printed in color in the table were introduced in this part. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Aotion Action Control 

RUN LOAD INPUT SPEED= G 0 S U B INT 
LIST SAUE LET FLASH RETURN SQR 
NEW DELETE PRINT INUERSE END RND 
DEL CATALOG REM NORMAL GOTO LEN 
CONT LOCK PLOT C0L0R= IF MID$ 

UNLOCK HLIN TEXT 
ULIN GR 

_ 

HOME 

_ 

New BASIC Words 
AND A logical operator that combines 

two conditions. The result is true if 
both conditions are true and false 
otherwise. 

CONT A command that tells the com¬ 
puter to restart a program at the place 
it stopped. 

GOTO A statement that tells the com¬ 
puter to move the line pointer to the 
line in memory with the same number 
as the number after the word GOTO. 

IF A control statement that tells the 
computer to move the line pointer if the 
condition in the statement is true. 

I NT A function that returns the integer 
part of a number. 

LEN A function that returns the number 
of characters in a string. 

MID$ A function that returns a portion 
of a string. 

OR A logical operator that combines two 
conditions. The result is true if either 
condition is true and false if both are 
false. 

RND A function that returns a random 
number. 

SOR A function that returns the square 
root of a number. 
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New Ideas 
comparison operator The operators (<, 

>, < >, =, < =, > = ) used to form a condi¬ 
tion. 

compound condition An expression 
with two or more conditions separated 
by either AND or OR. See AND and OR. 

condition An expression that is either 
true or false. See IF. 

documentation Written information 
used to clarify or explain a computer 
program. 

E-notation A system of notation used to 
express very large and very small num¬ 
bers; scientific notation. 

function A process that generates a 
value. 

jump arrow An arrow drawn to show the 
target of an I F or a GOTO statement, 

straight-line program A program in 
which the computer performs the state¬ 
ments in line-number order, 

target The line with a line number the 
same as the number following GOTO or 
after THEN in an IF statement, 

value in A value sent to a function, 
value out The value returned by a func¬ 

tion. 
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Part 

Control Blocks The Loop 

You have reached a very important point in your work with the com¬ 
puter. You now know all the BASIC statements needed to write any 
computer program. You have seen that there are two main types: action 
statements and control statements. 

Action statements The INPUT, LET, PRINT, and graphics state¬ 
ments are the main action statements in BASIC. Each one tells the 
computer to do something with data. Afterward, the computer always 
goes on to the next statement in the program listing. 

Control statements In Part 6, you learned new statements that did 
nothing at all with data. Instead, the G 0 T 0 and IF statements told the 
computer the order in which to perform the action statements. These 
new statements, along with GOSUB, RETURN, and END, control the way 
the computer carries out the steps of a program. 

Uses of control statements Control statements allow you to tell the 
computer to repeat a group of statements or to choose which of two 
groups to perform next. If there were no control statements in a pro¬ 
gramming language, it would be very hard to tell the computer to do 
the same thing again and again. It would be impossible to tell the com¬ 
puter to do either one thing or else another, depending on whether some 
condition were true. 

Loops and branches In programming, a group of statements re¬ 
peated over and over is called a loop. There is also a name for two 
groups of statements between which the computer must choose: a 
branch. You can solve every programming problem by using only these 
two kinds of control blocks: loops and branches. 

The loop block In Part 7, you will learn a standard way to write 
any loop in BASIC. You will learn to use loops to solve many program¬ 
ming problems. You will find how to use the FOR and NEXT statements 
to repeat loops a certain number of times. In Part 8, you will learn 
about branches. 
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Programs 
with Loops 

IN • Read programs that contain ioops. 
THIS SESSION • Change programs to form loops, 

YOU WILL: • Learn to indent and renumber programs. 

Reading Program SYMMETRY 
You can learn a lot about loops from examples. Two programs on your 
diskette are good examples to study. 

Use the normal start-up procedure with your diskette. 

LOAD SYMMETRY 
RUN 
RUN 
RUN 

Look at a few runs. 
LIST 100# 190 

List the main routine. 

The main routine of program SYMMETRY contains a loop. This one is 
not an infinite loop, though. A statement in the program tells the com¬ 
puter when to stop looping. Read the main routine carefully and 
then answer the questions below. 

1. Which statement marks the beginning of the loop? 

2. Which statement marks the end of the loop? 

3. Which statement tells the computer when to stop looping? 

4. What does this loop tell the computer to do? Explain in your own 
words. 

Reading Program LITTLE TROT 
Program LITTLE TROT has a loop with a more complicated IF state- 
ment. Let’s look at this loop next. 

LOAD LITTLE TROT 
RUN 

LIST 1000# 1140 
Remind yourself how this program works. 

This is subroutine RUN RACE. 

Subroutine RUN RACE contains a loop. Only one of the IF statements 
inside the loop tells the computer when to stop looping. Study the list- 
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ing of the subroutine carefully and then answer the questions 
below: 

5. What is the first line of the loop? 

6. What is the last line of the loop? 

7. What statement tells the computer when to stop the loop? 

8. When is the race over? (Hint: FL stands for the “finish line”; X 1 and 
A 2 tell where the two turtles are.) 

Changing Program ROCKET 

You have studied two examples of loops. Now make a loop of your own. 
Start with program ROCKET, which has no loop. You will add one to it. 

HOME 
LOAD ROCKET 
RUN 

LIST 
■" That should be familiar. 

Look at the program. 
Here is the program you should have on your screen: 

100 REM-- PROGRAM ROCKET 
1 10 HOME 
120 PRINT M II 

130 PRINT II 
# 

140 PRINT II 
# #" 

150 PRINT II 
# M # " 

160 PRINT II 0 #" 
170 PRINT II 0 #" 
180 PRINT II # N 
190 PRINT II 

#" 

200 PRINT II # R 
210 PRINT II A #" 
220 PRINT II # K #" 

230 PRINT II 
# E # " 

240 PRINT II 
# R #" 

250 PRINT II 

260 PRINT # " 
270 PRINT ##### #" 

280 PRINT " # # 

280 PRINT '■ # #" 

When you ran this program, the computer drew a picture of the 
rocket on the screen. Let’s make some changes. 

105 REM--LOOP 
300 GOTO 105 
310 REM--END LOOP 
LIST 

RUN 

( CTRL 

Examine the new program. 

Again and again, the computer erases the 
screen and draws the rocket. 
Stop the program. 
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The program contains an infinite loop. The only way to stop it is with 
(CTRL I c ]. Let’s give the computer another way out of the loop. 

10B PRINT 
107 INPUT 
108 IF A$ 
LIST 100# 

"WANT A ROCKET” 
A$ 
= "NO" THEN 310 
200 

RUN 

?YES 
?YES 
?NO 

Look at the changes. 

Answer the question. 

That stopped the loop. 

This version of program ROCKET kept drawing rockets until your an¬ 
swer was NO. The expression A$ = ” NO ” is the exit condition in this 

loop. 

9. What statement in the new version of program ROCKET tells the 

computer when to stop the loop? 

10. How does the new loop work? 

Writing Toois 
You know that indents help you write clear programs. The loops in 
SYMMETRY and LITTLE TROT are indented to make them easy to 
read. Program ROCKET works correctly with the loop added, but the 
loop is not indented. You could enter each statement again and give 
each line the correct indent, but that job would be very long and boring. 

Instead, learn to use a new tool on your diskette. 

SAME NEW ROCKET 

BRUN WRITING TOOLS 

Save the program for now under the name 

NEW ROCKET. 
Don’t forget the B before RUN. 

WRITING TOOLS is on your diskette. It contains machine-language 
programs that tell the computer how to indent BASIC program lines 
and renumber them. To put these tools into the computer memory, you 
must use the BRUN command. (The B in BRUN comes from binary: 
These machine-language programs are stored in binary code on your 

diskette.) 

LOAD NEW ROCKET 

LIST 

&INDENT 

Bring your program back into the com¬ 
puter. 
List it. 

Be sure to type the It is the same as 
[ SHIFT 
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LIST 
Notice that all lines are indented two 
spaces. 

6=INDENT BY 4 
LIST 

ficUNDENT BY B 
Now they are indented four more spaces. 

S: UNDENT undoes &: INDENT. 

All indents should be gone now. S: INDENT and a: UNDE NT tell the com¬ 
puter to add or subtract two colons for indents. You can change the 
spacing by adding BY and the number of colons you want. 

Like LIST and DEL, these new commands let you specify a range 
of lines. Here is how to indent only the lines inside the loop: 

&INDENT l&Sf 290 
LIST 

A Llock of llnos havo been moved right. 

As a final improvement, let’s “undent” the IF and GOTO statements by 
one space: 

&UNDENT 108 BY 1 
&UNDENT 290 BY 1 
LIST 
~ Lines 108 and 290 have been moved left. 

The program is indented correctly now, but the lines are poorly num¬ 
bered. The program would be easier to read if there were blank lines 
before the IF statement. As the program is numbered now, though, you 
cannot add blank lines: The IF statement is line 109, and the line just 
before it is line 108. (Remember, you must use whole numbers for line 
numbers.) You can, however, add lines if you renumber the program. It 
is very simple to renumber. 

&RENUMBER 
LIST 

That did it. 
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Here is how your indented, renumbered program should look: 

100 REM--PROGRAM ROCKET 
110 REM--L00P 
120 s B 

B PRINT 11 WANT A ROCKET” 
130 s B 

B INPUT A$ 
140 s IF A$ = ■■NO” THEN 350 
150 s B 

B HOME 
1G0; B 

B PRINT It II 

170 s B 
B PRINT II # # '■ 

180 s B 
B PRINT 11 #" 

190 s B 
B PRINT II # M #" 

200 ; B 
B PRINT II # 0 #" 

210 ; B 
B PRINT II 0 

220 ; B 
B PRINT II N 

230 s B 
B PRINT II # # ■■ 

240 s B 
B PRINT It # R # ■' 

250 s B 
B PRINT 11 # A 

280 s B 
B PRINT II # K #" 

270 ; B 
B PRINT II # E 

280 ; B 
B PRINT II R #" 

290 s B 
B PRINT II # ■■ 

300 s B 
B PRINT II # n “ 

310s B 
B PRINT It # ±1: ±1: tt it ±1: ±1: ■' TT tT 'n t'l '1 1 

320 s B 
B PRINT II # n" 

330 s a 
B PRINT II # 

350 REM--END LOOP 

The program was renumbered from top to bottom by 10s. Note that 
the line numbers after GOTO and THEN have also been renumbered 
properly. The targets of the GOTO and I F statements are still the cor¬ 
rect REN statements. 

You can also use &:RENUMBER with a range of line numbers if you 
want to renumber only a part of a program. If you want the line num¬ 
bers to increase by a number other than 10, you can add the word BY 
and the number you want. 

11. What command did you use to put writing tools (indent and re¬ 
number) into the computer memory? 

12. What will the command INDENT 20 0 * 300 BY 4 do? 

If you have extra lab time: EXPLORE 
■ Find out what happens to your new version of program ROCKET 

when you enter the following commands: 

&:RENUMBER BY 2 
a:RENUMBER AT 400 
&:RENUMBER AT 200 BY 5 
&:RENUNBER 200 ^ 220 AT 100 BY 1 
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■ Find out what happens to your new version of program ROCKET 
when you enter the following commands: 

&:INDENT BY 10 
a:UNDENT BY 100 

You may delete NEW ROCKET from your diskette now. You will 
not be needing it again. 

Computers have changed 
greatly over the years. Left: 
An early computer used by 
the government for the cen¬ 
sus. Below: A modern main¬ 
frame computer. 
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aT structure of the Loop 
Block 

IN • Review indenting and renumbering program lines. 
THIS SESSION • Learn the structure of the loop block, 

YOU WILL: • Use loop-block structures to describe everyday events. 
• See that the LIST program contains o loop block. 
• Plan o programming project using loops. 

Writing Tools 
In Session 46, you saw that the command BRUN NRITING TOOLS put 
some new machine-language programs into the computer memory. 
Like LIST and RUN, these new programs tell the computer to do some¬ 
thing to the BASIC program in memory. After you load the new ma¬ 
chine-language programs into memory, you can use the commands 
& INDENT, &:UNDENT, and &:RENUMBER to change the indentions and 
line numbers of a BASIC program. 

System programs in RAM You may wonder where these new pro¬ 
grams go inside the computer. They are stored in a part of the random- 
access memory (RAM). Your BASIC programs are also stored in RAM, 
but in a different part. The command BRUN NRITING TOOLS tells the 
computer to do two things: to load the new machine-language programs 
into memory and to keep BASIC statements out of that part of memory. 
These machine-language programs stay there until you turn off the 
power or type PR#G. Here are some examples of ways you can use the 
new commands. 

&INDENT 500, 560 BY 6 This is the most general form of the indent 
command. It tells the computer to indent statements in lines B00 
through 5B0 by six spaces. The computer puts colons in the indented 
spaces because Applesoft BASIC does not allow spaces for indentions. 
The computer adds the new indentions to any already there. 

&INDENT 500, 560 If you leave out the BY phrase, the command 
tells the computer to indent two spaces. 

&INDENT 350 BY 4 You can indent single lines. This command tells 
the computer to indent line 3B0 four spaces. 

&INDENT BY 6 If you do not give a line-number range in the com¬ 
mand, the computer indents the entire program. This command tells 
the computer to indent every line six spaces. 

Removing indention You can remove indentions with the 
&:UNDENT command. Everything works exactly the same as with 

INDENT except that colons are removed. 
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&RENUMBER This command tells the computer to renumber all the 
lines in the program. The first line keeps its original line number. Each 
line number after that is 10 greater than the one before. All target line 
numbers in GOSUB, GOTO, and IF statements are also renumbered 
properly. 

&RENUMBER BY 5 This command tells the computer to renumber 
all lines. The first line keeps its original number, and each line number 
after that is 5 greater than the one before, not 10. 

&RENUMBER 300, 390 BY 5 You can put a line-number range in the 
command to renumber portions of a program. This command tells the 
computer to renumber by 5 only the lines in the range 3 0 0 to 3 9 0. The 
first line number in the range stays the same. 

&RENUMBER 300, 390 AT 800 BY 5 This command also renumbers 
lines 300 through 390 by a difference of 5, but line 390 becomes line 
800. You can use this command to move a block of statements from one 
part of a program to another. 

The Loop-Block Outline 
In Session 46, you explored the way loops are used in programs. You 
saw that in some programs loops are a key part of the program struc¬ 
ture, and you added loops to other programs. 

Progrom SYMMETRY You found that an IF statement in this pro¬ 
gram told the computer to stop looping when the X and Y coordinates of 
a point were equal. 

Program LITTLE TROT You studied the loop in subroutine RUN RACE 
and saw how it worked. You found that an IF statement told the com¬ 
puter to stop looping when either turtle crossed the finish line. 

Program ROCKET You converted program ROCKET into an infinite 
loop that flashed the rocket again and again. Then you added an I F 
statement that told the computer when to stop looping. 

The Infinite-loop outline In Session 39, you saw the outline of the 
infinite loop. It looked like this: 

_ REM--L00P F0REUER<J 

- do something 

_ GOTO ======== 
_ REM--END LOOP 

The blanks stand for line numbers, and the jump arrow shows how the 
line pointer moves in response to the GOTO jump. Notice that the block 
begins and ends with REM statements. The first REM is the target of the 
jump. The phrase do something stands for one or more BASIC state- 
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merits, which the computer will perform again and again. They can be 
any statements except for IF and GOTO jumps outside the loop, which 
would stop the loop. 

The conditional-loop outline A loop that tells the computer to 
repeat statements until some condition becomes true is called a condi¬ 
tional loop, or simply a loop. Here is the outline for such a loop. 

- REM--L00P<J 

do something 

IF exit condition THEN 

do something 

GOTO_ 
REM--END LOOPC 

The exit condition in the I F statement tells the computer when to stop 
looping and jump to the second REM statement. Here is how the loop 
works: 

The computer’s rules for performing a loop block 

1. Perform the first “do something.” 

2. Test the exit condition to see whether it is true or false. If true, 
stop looping and move the line pointer to the REM- -END LOOP 
statement. 

3. If the exit condition is false, perform the second “do some¬ 
thing.” 

4. Move the line pointer back to the first REM--L00P statement, 
and start over with step 1. 

The loop works this way only if it is correctly written. There is nothing 
magical about the phrases LOOP and END LOOP in the REM statements. 
They are there to help the reader, but the computer ignores them. Steps 
2 and 4 work correctly only if the numbers after THEN and GOTO match 
the line numbers of the two REM statements in the outline. It is up to 
you to get the numbers right. 

Two “do somethings” There is one important difference between 
the two “do something” blocks in a loop: The computer must perform 
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the first one at least once, but it may never get to the second one at all. 
This happens if the exit condition is true at the start. 

A missing “do something” In some loop blocks, one or the other “do 
something” block may be absent. In other words, the I F statement may 
be the first statement inside the loop, or it may be the last except for 
the GOTO. You will see examples later. 

Why Loops? 
You may be wondering why you are spending so much time on the loop 
block. After all, how many loop problems can there be? You will proba¬ 
bly be surprised to find out how often loops occur. This is true in every¬ 
day situations as well as in programming problems. 

The boiling-water loop Think of the following directions from a 
cookbook: “Bring the water to a boil.” That may not sound like a loop, 
but it is. Here is how to write directions to tell a very dumb assistant to 
boil a pot of water. The directions are written partly in English and 
partly in BASIC. 

_REM--L-^ 

look in pot 

IF boiling THEN 

heat some more 

GOTO 
_REM--END LOOP ^ 

The seasoning loop The same cookbook says to “add salt to taste” 
when you season a stew. That may not sound like a loop, but it is. Here 
is how to tell the helper to do the job. 

_REM--LOOP<0—— - ~ 

I F enough 

add a pine 

taste the stew 

REM--END Luur - 
GOTO_ 
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The LIST Program Loop 
In case you think these examples have nothing to do with computers, 
look at a programming example. Recall that the LIST program looked 
like this in ordinary English: 

The LIST Program 

1. Move the line pointer to the first line of the BASIC program in 
the memory unit. 

2. Repeat the following steps as long as the line pointer is point¬ 
ing at a BASIC line: 

2a. Read the current line, and write it on the output screen. 

2b. Move the pointer to the next line of the program in the 
memory unit. 

Structure of the LIST program The phrase “repeat the following 
steps” is a clue that the LIST program in your computer contains a 
loop. Here is another way to outline the whole LIST program. 

_move pointer to first BASIC line 

_REM--LQQP = 
_ IF not pointing at line THEN_ 

_ read the current line 
_ write it on the output screen 
_ move pointer to next line 

_ GOTO_L -. — 
_REM--END L00PO=== 

Step 1 of the LIST program is a simple action. Step 2 is a loop. (The 
RUN program contains a similar loop.) These built-in programs (LIST 
and RUN) are written in machine language, not BASIC, so you cannot 
list them on your screen and look at them. But if you could, you would 
find instructions for performing loops. Every programming language 
allows you to write loops. 

Planning Programs That Use Loops 
Try out what you have learned about loops. You will get the main rou¬ 
tines for two programs, along with an explanation of what each of the 
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subroutines is to do. Your job is to select one of the programs and write 
the subroutines to go with the main routine. Be prepared to enter 
your program into the computer in Session 48. 

Problem 1: Reversing Words 
If a friend gave you a list of words, one word at a time, you would know 
how to give the words back in the opposite order. (Putting lists of words 
or numbers in different orders is often a necessary part of solving prob¬ 
lems on the computer.) Your job is to tell the computer how to reverse 
any list of words that your friend enters into the computer. 

Some examples Let’s suppose your friend enters the words 
CRACK and POTS. The computer should print POTS CRACK. Suppose 
the words are SHARKS, EAT, and PEOPLE. The computer should print 
PEOPLE EAT SHARKS. 

The main routine The computer has three main jobs. The first is to 
get words from the user. The second is to reverse their order. The third 
is to print the reversed words. You will see that the first two jobs can be 
combined easily so that the computer adds words to the beginning of 
the string to be printed as each new word comes in. Here is the main 
routine: 

100 REM--REOERSE WORDS 
11011 s GOSUB 200s REM--GET AND REMERSE 
120ss GOSUB 400s REM~-OUTPUT 
130 END 

Choosing variables The first subroutine will have to ask for 
input, one word at a time. Let’s use W$ as the name of the variable that 
stands for each word the user gives. The second subroutine must print a 
string made up of the words in reversed order. Let’s call that particular 
string R$. 

Reversing order The idea here is to build up R$ one word at a 
time, putting each new word at the beginning. For example, suppose 
the word SHARKS has already been entered and that R$ is now equal to 
SHARKS. Next comes EAT, which is assigned to W$. This statement 
gives R$ the new value EAT SHARKS: 

LET R$ = W$ + + R$ 

Repeating this statement with each new word will do the job. A loop is 
the answer. R$ must be set equal to the null string "" before the loop 
starts. 

How many words? Of course, your friend has to have some way to 
tell the computer that there are no more words. One way to do this is to 
mark the end of the list with a flag, a word that will never be part of the 
data. For example, you could both agree that OUI T is the flag. The loop 
should stop as soon as W$ equals QUIT. 
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What to do Write the two subroutines needed to complete 
this program. Check them as carefully as you can and be pre¬ 
pared to enter the complete program into the computer in Ses¬ 
sion 48. 

Problem 2: Finding an Average 
What is the average age of the people in your family? To find out, you 
must add all the ages and then divide that sum by the number of people. 
Let’s see how to tell the computer to do the work for you. 

An example Suppose you enter the numbers 12, 1 G, 31, and 33. 
The computer must add the numbers, getting 92. The computer must 
also count the numbers as they are entered, getting 4. Then it must 
divide 92 by 4 and get the average, 23. 

The main routine The computer has five main jobs. The first is to 
get the numbers from the user. The second is to find the sum. The third 
is to count the numbers. The fourth is to divide the sum by the count. 
The last is to print the result. You will see that the first three jobs can 
be combined easily, so that as each new number comes in, the computer 
adds it to the sum so far and adds 1 to a counter. The last two jobs can 
also be combined. Here is the main routine: 

100 REM--PROGRAM AVERAGE 
110ss GOSUB 200s REM--SUM AND COUNT 
120ss GOSUB 400s REM--OUTPUT AMERAGE 
140 END 

Choosing variables The first subroutine must tell the computer to 
ask for input, one number at a time. Let’s use N as the name of the 
variable that stands for each number the user gives. The program must 
also tell the computer to add the numbers and to count them. Let’s call 
the sum 9 and the count C. 

Summing and counting The idea here is to build up the sum S and 
the count C as each new number N is entered. These statements will 
build up the sum and keep track of the count: 

LET 9 = 9 + N 
LET 0 = C + 1 

Repeating these statements with each new number N will do the job. A 
loop is the answer. Before the loop starts, 9 and C have to be set to 0. 

How many numbers? Of course, you have to tell the computer that 
there are no more numbers. One way to do that is to mark the end of the 
list with a flag number that will never be part of the data. For example, 
you could use -999 as the flag. The loop should stop as soon as N is 
-999. 

Output the average The average is the sum divided by the count, 
or 9 / C. The computer needs to calculate the average after the loop 
ends. Finally, it needs to print the result. 
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What to do Write the two subroutines needed to complete 
this program. Check them carefully and be prepared to enter the 
complete program into the computer in Session 48. 

1. What must you do before you can use the tools for indention and 
renumbering? 

2. What does INDENT 200 * d00 BY 4 mean? 

3. What does &:UNDENT 480 BY 1 mean? 

4. What does S:RENUNBER 600 » 800 BY 20 mean? 

5. What statement should be at the beginning and end of a loop 
block? 

6. What statement in a loop block tells the computer when to 
stop looping? 

7. What is the main difference between the two “do something” 
blocks in a loop? 

8. A recipe says “beat the egg whites until they are stiff,” How 
would you write these instructions in the form of a loop block? 

9. Think of an everyday event and write a description of it in the 
form of a loop-block outline. 

10. What is the exit condition from the LIST program loop? 

11. What “do something” does the computer do if the exit condi¬ 
tion in the LIST program loop is false? 
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I Programming Project: 
' Loops 

IN • Enter the program planned in Session 47. 
THIS SESSION • Debug the program. 

YOU WILL: 

Program REVERSE 
If you planned program REMERSE in Session 47, enter it now. Test 
your program on the following set of data: 

SHARKS EAT PEOPLE QUIT 

Enter each word and press ( return ] If your program is correct, you 
should see PEOPLE EAT SHARKS printed on your screen. If the com¬ 
puter does not print that, debug your program. A good debugging rule is 
to use simple test data for which you know the answer. Try these data: 

(1) QUIT 

(2) BUG QUIT 

Except for the flag QUIT, you enter no words the first time, so nothing 
should be printed. You enter only one word the second time, so you 
should see that word printed on the screen. 

Program AVERAGE 
If you planned program AVERAGE in Session 47, enter it now. Test 
your program on the following set of data: 

12 IB 31 33 

The correct average for this set is 23. If you don’t get that number, 
debug your program. A good debugging rule is to use simple test data 
for which you know the answer. Try these data: 

(1) 1 -993 

(2) 5 5 5 -939 

Remember, the average of one number is itself. Also the average of 
three 5s is 5. 
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If you have extra lab time: 

■ Session 47 gave two programming projects, and you chose one. If you 
have time, work on the other project now. 

You use test data to help you debug your computer programs. 
In industry, computers are used to record and analyze factory 
test data. 
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Flowgraphs and 
Counting Loops 

IN • Learn the flowgraph description of o loop block. 
THIS SESSION • Learn how to write o counting loop. 

YOU WILL: • Plan o graphics program using o counting loop, 

The Loop Block 
You have learned that the loop block gives you a way to tell the com¬ 
puter to perform some action again and again. It tells the computer to 
do something over and over until the exit condition from the loop be¬ 

comes true. 
BASIC loop outline In Session 47, you learned the BASIC loop out¬ 

line. This outline uses a mixture of English and BASIC to describe the 
structure of the loop block. Here it is again: 

_ REM--LQQP 4 

_ do something 

_ IF exit condition THEN 

_ do something 

_ GOTO_■ 
_REM--END L00P^4— 

Control statements The BASIC loop block contains two control 
statements: The IF statement tells the computer when to exit from the 
loop. The GOTO statement tells the computer to keep looping. 

Jump arrows As you have seen, the jump arrows in the loop block 
show the targets of the IF and GOTO statements. In the loop-block 
outline, the targets are REM statements that explain the purpose of the 
jumps. 

The Loop Flowgraph 
Another way to show the structure of the loop block, as well as other 
blocks you will study, is a flowgraph, built out of boxes and arrows. 
On the next page is the flowgraph for the loop block. 
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Reading a flowgraph You read a flowgraph by following the ar¬ 
rows, beginning at the top. The flow arrow comes first to the top “do 
something” and then the condition. (Remember, “do something” stands 
for one or more BASIC statements, and “condition” stands for an ex¬ 
pression such as W$ = QUIT or N = -099.) If the condition is false, the 
arrow goes to the second “do something” and then back to the top of the 
loop. When the condition is true, the arrow goes out the side and to the 
bottom of the diagram. 

Flowgraph arrows There are three different symbols in the flow- 
graph: arrows, rectangular boxes, and a diamond-shaped box. The ar¬ 
rows show the order in which the computer performs the boxes. 

Flowgraph rectangles Rectangular boxes enclose “do some¬ 
things.” “Do something” usually stands for one or more action state¬ 
ments, such as INPUT, LET, and PRINT. But it can also stand for a 
whole program block, such as another loop block. Or the box can stand 
for no statements at all. 

Flowgraph diamonds A diamond-shaped box always stands for an 
I F statement. The computer tests the condition in the diamond to see 
whether it is true or false. This is sometimes called a decision box. 

Identical ideas The loop flowgraph shows exactly the same struc¬ 
ture as the loop outline. Both the flowgraph and the outline have ad¬ 
vantages. The flowgraph gives a better picture of the order in which the 
parts get done. The outline, however, is more like the actual lines of a 
BASIC program. 

49 • Flowgraphs and Counting Loops 279 



The Abbreviated Loop Block 
Sometimes one of the “do somethings” in the loop block is missing. Such 
a loop block is called an abbreviated loop block. Here is a loop block 
with the first “do something” missing: 

_REM--L0QP<~. 
_ IF exit condition THEN_^ 

_ do something 

_ GOTO_'- ■ ■ 
_REM--END LOOP -- 

A counting loop A counting loop is an example of an abbreviated 
loop block. Usually, the purpose of a counting loop is to perform some 
action (to “do something”) a fixed number of times. The counting loop 
needs one statement before the loop block. That statement sets a count¬ 
ing variable to its first value. Here is the counting-loop outline: 

LET C = first value 
REM--L00P <- - 

IF C > last value THEN _ 

do something 

_ LET C = C + 1 
_ GOTO_cr::::.::!!- ■ - - 
_REM--END LOOP 

A counting-loop example Let’s see how to use the counting loop to 
tell the computer to print the numbers from 50 to 1 00. In the outline, 
“first value” stands for 50, “last value” stands for 1 00, and “do some¬ 
thing” stands for PRINT 0. Here is the outline for this example: 

LET C 50 

How the counting loop works The first line in the outline says to 
assign 50 to C. Inside the loop, the I F statement tests C to see if it is 
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already greater than 100. It is not, so the computer performs the 
PRINT statement, and 50 appears on the screen. Then the LET state¬ 
ment adds 1 to C and assigns the sum, 51, to C. Finally, the GOTO 

statement sends the line pointer back to the beginning of the loop. Each 

time around the loop, the computer tests the condition in the I F state¬ 
ment to see if C has become greater than 100. Sooner or later, the 
condition becomes true and the loop stops. Until that happens, the 
PRINT statement prints each successive number through 100. 

Flowgraph of a Counting Loop 
You have seen how to draw the flowgraph of a loop. Let’s use a flow- 
graph to describe a slightly different counting loop: 

Action plus loop Notice that this flowgraph starts with the simple 
action of assigning 1 0 to C. In other words, 1 0 is the first value of the 
loop variable C. The rest of the flowgraph is a loop. The loop tells the 
computer to test C to see whether it is bigger than 20, the last value, 
and if so, to stop looping. If not, the loop tells the computer to print the 
value of C on the screen, then add 1 to C, and then loop back to the test. 
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A Counting-Loop Project 
Program BOXES on your diskette draws the borders of randomly lo¬ 
cated rectangles. Your next programming assignment is closely related 

to B 0 X E S. Be ready to enter your complete program in Session 50. 
Draw solid rectangles Your problem is to write a program to draw 

solid rectangles on the screen. The computer should ask the user to 
enter the left, right, top, and bottom coordinates of the rectangle. (Re¬ 
call that the left edge of the graphics screen is 0, the right edge is 39, 
the top is 0 and the bottom is 39.) Then the computer should pick a color 
at random and draw a solid rectangle in that color. 

Outline of main routine Here is an outline of the main routine, 
partly in BASIC and partly in English: 

100 REM--PR0GRAM SOLIDS 
11 0 ; s set graphics mode 
120; s REM--L00P 
130; ; ; ; ask if user wants a rectangle 
140;;; IF answer is "NO" THEN 180 
1 B 0 ; ; ; ; ask for borders of rectangle 
1G 0 ; ; ; ; draw solid rectangle in random color 
170; ; ; GOTO 120 
180;; REM--END LOOP 
190;; set text mode and clear screen 
200 END 

Finish main routine Notice that the body of the main routine con¬ 
tains a loop block in lines 120 through 180. Your first job is to convert 
the outline into BASIC. Most of the English descriptions of actions 
should be replaced with GOSUBs. 

Counting loop The next big job is to plan the subroutine to draw 
the solid rectangle. Picking one of 16 colors at random requires using 
the I NT and RND functions. If your memory needs refreshing, read 
Session 43 again. One way to draw a solid rectangle is to use H L I N (or 
DLIN) again and again, inside a counting loop. Recall that the state¬ 
ment 

HLIN L. R AT Y 

tells the computer to draw a horizontal line from L (the left coordinate) 
to R (the right coordinate) at Y (the vertical coordinate). Your loop 
should use Y as the counter variable and should count from the top of 
the rectangle to the bottom. The “do something” in the loop should be 
the HL IN statement. For each new value of Y, the computer will draw 
another horizontal line from L to R. 

Plan subroutines Now start work on the subroutines you will 
need. You may want to look at program BOXES on your diskette 
for ideas. 
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What does the diamond-shaped box stand for in a flowgraph? ^ 

What does the rectangular box stand for in a flowgraph? S 

What do the flow arrows stand for in a flowgraph? B 

Why is a counting loop an abbreviated loop? 

Suppose the first value of the variable C in a counting loop is 1, 
the last value is i 0, and the “do something” is the statement 
PRINT C. What does this program tell the computer to do? 

What line of the counting loop outline would you change if you 
wanted it to count by 2s instead of Is? 

What does a counting loop tell the computer to do if the first 
value is greater than the last value? 

Suppose a computer runs the program shown in the flowgraph 
on page 281. What numbers will the computer print on the 
screen? 

What is the value of C after the exit from the counting loop 
shown in the flowgraph on page 281? 
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qU Programming Project: 
Graphics 

IN • Enter the program pionned in Session 49. 
THIS SESSION • Debug the program, 

YOU WILL: 

Computer Work 
Enter the program you started planning in Session 49. Debug the 

program and make sure it is working properly. 

Here are some bugs to watch out for in this program: 

1. Did you set graphics mode in the main routine? 

2. Does the counting loop start from the top and go to the bottom of 
the rectangle? (Or, if you are using 9L I N, does it go from left to 
right?) 

3. Did you remember to add 1 to the counting variable inside the 
counting loop? 

4. Are you using the counting variable after AT in the HLIN (or 
^^LIN) statement? 

5. Does the user know that the number for the top of the rectangle 
has to be smaller than the number for the bottom? 

If you have extra lab time: EXPLORE 
■ Change the subroutine that asks the user for the edges of the rectan¬ 

gle into a subroutine that picks the edges at random, as in program 
BOXES. 

■ Next, change the main routine into an infinite loop. 
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What Computers 
Do Well 

IN • Recognize that computers ore good at repetitioa arithmetic, 
THIS SESSION logic, data handling, and speed, 

YOU WILL: • Recognize that computers are poor at seeing patterns, using 
judgment, handling incomplete information, and adapting 
to new situations. 

• Learn ways that computers can be misused and overused. 
• Learn what artificial intelligence is. 

Easy Things to Do 
The computer is a tool. Like any tool, it is good for some jobs and bad for 
others. It is important to recognize both the strengths and the weak¬ 
nesses of the computer. Here are the main things the computer can do 
well. 

Repetition In the past several sessions, you have learned that it is 
extremely easy to tell the computer to repeat a group of statements 
again and again. In fact, once you have written the group of statements, 
you only have to add a GOTO statement at the bottom to create an 
infinite loop. Loops are easy to create in all computer languages. Any 
task that needs to be done again and again is usually easy to do on a 
computer. 

Arithmetic As you have seen, the computer is good at doing accu¬ 
rate arithmetic. It can add, subtract, multiply, and divide. It does not 
make mistakes (unless the numbers are too big or too small). 

Logicai decisions Your work with the IF statement showed you 
that the computer can tell whether certain conditions are true or not. 
You will see a lot more of this in Part 8. No matter how complex these 
conditions are, the computer will discover whether the condition is true 
or false. 

Storing quantities of data A computer can output vast amounts of 
data to an on-line data base. It can later input data from the data base. 
The computer almost never loses or destroys data. 

Speed Computers do all the above tasks at amazing speeds. Small 
computers can do thousands of arithmetic operations in a second. Large 
machines may be a thousand times faster than that. 
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Hard Things to Do 
You have learned the main things that computers are good at doing. 
Fortunately, there are vast numbers of problems that call for these 
abilities. But there are many other problems that computers cannot 
easily solve. Here are some examples. 

Seeing patterns People are very good at finding patterns in 
things. For example, you can probably figure what the next thing in 
each series below should be: 

1, 2, 4, 8, 16,... 
M, T, W, T, F,... 
31, 28, 31, 30, 31,... 

Computers can 
help people make 
decisions. But only 
people can really 
use judgment. 

Think how hard it would be to write a program to tell the computer how 
to find a pattern in a series of five numbers or letters. 

Exercising judgment When you walk up to an intersection with a 
stop light, there is usually a light that says WALK or DON’T WALK. 
You pay attention to the signal, but you also judge for yourself whether 

it makes sense to obey it. If there is a car 
about to cross your path, you do not walk 
into the street, no matter what the signal 
says. Nor do you stop walking if you hap¬ 
pen to be in the middle of the street when 
the signal switches to DON’T WALK. You 
use your own judgment to decide what to 
do. The computer, on the other hand, does 
exactly what it is told. If there are special 
conditions, the programmer has to know 
what they all are and tell the computer 
exactly how to handle each one. The com¬ 
puter will not make judgments of its own. 

Handling incomplete Information 
People are very good at accepting incom¬ 
plete directions. They fill in the details in 

some reasonable way. If someone asks you to '‘go to the store and get 
some bread,” you will usually know what to do. There are many missing 
details in those directions, though: Which store? What kind of bread? 
How much bread? You work out reasonable answers to these questions 
and act accordingly. But a computer needs to be given complete and 
clear instructions. 

Adaptation No matter what rules you know, you can adapt them 
to new situations. If a recipe for a cake calls for two cups of milk and you 
have only one cup, you might substitute a cup of water, even though the 
recipe has no instructions about substitutions. But a computer does 
only what it is told. It cannot handle a new situation unless it is told 
how to recognize the situation and what to do if it happens. 
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Dangers in Computer Use 
The computer is a new and powerful tool. People are discovering one 
new application after another. Naturally, excitement about computers 
is very high. At the same time, it is a good idea to guard against misuse 
and overuse of computers. 

Deliberate misuse Some people believe any results that come out 
of a computer, as though the computer had knowledge of its own. Yet a 
horoscope printed by computer is no more accurate than the one in the 
newspaper. Computers only run programs. A bad program usually 
gives bad results. It is a misuse of the computer to claim that the results 
are true or better just because they come out of a computer. 

Bad judgment Just because a job can be done on a computer does 
not mean that the computer is the best tool for the job. When people 
first learn to use a computer, they may be tempted to try to apply it to 
everything. Many people, for example, write a program to help them 
balance their checkbooks each month. This job is much easier to do with 
a simple pocket calculator. 

Overuse We may become so busy exploring the things computers 
are good at that we simply ignore all problems which are not “computa¬ 
ble.” We cannot compute tastes, smells, or emotions; but if we ignore all 
such things, our lives will be very empty. Writing a program for a com¬ 
puter is a rewarding experience, but so is writing a letter to a friend, 
learning a piece of music, or walking through the woods. 

Artificial Intelligence 
If you look over the list of things that computers do poorly, you will see 
that they are all things that people do fairly well. It takes intelligence 
to see a pattern, use judgment, handle incomplete information, and 
adapt to new situations. If intelligence 
could be written into a computer program, 
perhaps a computer could do some of the 
things people do well. 

A new subject Many people have 
tried to create artificial intelligence in 
computer programs. Examples include 
programs that play chess as well as ex¬ 
perts, programs that ask patients ques¬ 
tions and diagnose their illnesses, pro¬ 
grams that find error patterns in students’ 
answers to arithmetic problems, programs 
that understand simple English sentences, 
and programs that recognize simple 
shapes in TV pictures. 

Computers are 
becoming very 
useful in medical 
diagnosis. 
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Intelligence in the program The computers in all these applica¬ 
tions are just like the one you are using, although usually a lot bigger 
and faster. The computer itself has no built-in intelligence. All the 
knowledge about chess, medicine, arithmetic errors, and English must 
be written into the programs by people who understand the subjects. 
Because the computer lacks intelligence, these programs are always 
very long, complex, and hard to write. 

The future It is still too early to tell whether many practical appli¬ 
cations of artificial intelligence will be created. Some people would like 
to “talk” to their computers in English sentences; they would like to 
give incomplete instructions and get reasonable results. On the other 
hand, there are advantages in working with computer languages that 
force you to say exactly what you mean and leave nothing to chance. 

1. What are three things that computers do well? 

2. What makes it easy, in BASIC, to tell the computer to repeat 
steps again and again? 

3. What are three things that computers do poorly? 

4. What information do you have to know to decide what comes 
after M, T, W, T, F? 

5. If the computer had to make the decision in question 4, where 
would the computer get the information it needs? 

6. What are two dangers in using computers? 

7. What is an example of something important to you that is not 
“computable”? 

8. What is artificial intelligence? 
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FOR/NEXr Loop 5^ 
Abbreviations 

IN • Use FOR and NEXT statements to rewrite a counting loop. 
THIS SESSION • Explore the FOR and NEXT statements. 

YOU WILL: • Explore the exit values of o loop variable. 
• Read programs containing FOR and NEXT statements. 

Experiments with the Counting Loop 
In Session 49, you learned how to use the BASIC loop outline to write a 
loop that would repeat until a counter got larger than a certain value. 
There is a program on your diskette that uses such a counting loop. 

Start the computer with your diskette in the usual way. Then 
type the following commands: 

LOAD COUNT 
LIST 

RUN 
E BIS 

?5# 10 

RUN 
?30> 100 

RUN 
?-10f 10 

RUN 
?5f 5 

RUN 
75 f a 

LIST 

Find the counting loop. 

Answer the question. 

Note the list of numbers. 

Note this list. 

This list began at -10. 

There is only one number this time. 

There are no numbers this time. 

Look at the program again. 

1. Which variable in program COUNT stands for the first value of the 
counting loop? 

2. Which statement sets the counter equal to the first value? 

3. What is the exit condition in this loop? 

4. Which statement adds 1 to the value of the counter? 

The FOR/NEXT Abbreviation 
You just experimented with a program that asked you to enter a first 
value and a last value and then printed a list of numbers starting with 
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the first value and increasing by 1 each time. The program looked like 
this: 

100 REM--PROGRAM COUNT 
1101!!; PRINT "FIRST LAST UALUES" 
120!! s INPUT F ^ L 
130s s LET C = F 
1405s REM--L00P 
150s 5 5 IF C > L THEN 190 
1B0 s s s s PRINT C 
170s s s s LET C = C + 1 
180 s s s GOTO 140 
190s s REM--END LOOP 
200 END 

There is a simpler way to write this same program. Change the pro¬ 
gram so that it looks like thiss 

100 REM--PROGRAM COUNT 
110s s PRINT "FIRST LAST UALUES" 
120s s INPUT F . L 
140:s FOR C = F TO L 
180 s s s s PRINT C 
100:: NEXT C 
200 END 

The new FOR statement takes the place of three statements in the orig¬ 
inal version of COUNT. So does the new NEXT statement. Notice also 
that the variables F and L appear in the FOR statement. Suppose F 
equals 5 and L equals 1 0. What do you think the program says to do? 
Let’s find out. 

Turn back to the first page of this session and enter each pair 
of numbers you used with the original version of program COUNT. 

As you see, the old program and the new, shorter program usually 
work alike: The same series of numbers usually appears on the screen. 
The experiment with the pair 5, 4 shows up a bug in Applesoft BASIC. 
You’ll come back to that bug in Session 53. 

5. Which three statements in the original version of program COUNT 
does the FOR statement replace? 

6. Which three statements in the original version of program COUNT 
does the NEXT statement replace? 

Exit Values 
The loop variable C has some value after the loop stops. That value is its 
exit value. Let’s explore exit values next. List your program. Add 
the following line right after the NEXT statement: 

195:: PRINT "EXIT VALUE = "5 C 
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Think about what line 195 tells the computer to do. What do you think 
will be printed if F is 5 and L is 1 0? Turn to the first page of this 
session and enter the same pairs of numbers for F and L that you 
did before. Pay attention to the exit value each time. 

When answering the questions below, ignore the last experiment 
you just did. (It shows the same Applesoft bug you saw before.) 

7. How is the exit value of the loop variable C related to the last 
value L? 

8. Look at line 1 50 in the original version of program COUNT. Why is 
the exit value of C equal to 11 if L is 10? 

Changing the Step 
So far all your counting loops have counted by 1 s. Next you’ll see how to 
make them count by 2s and other numbers. Clear the screen and list 
the program. Change the FOR statement to this: 

140:: FOR C = F TO L STEP 2 

Note the STEP phrase. Now do these new experiments: 

RUN 
?0 # 20 

RUN 
?0 f 21 

RUN 
?0 # 
RUN 

21.SSSS 

?0 » 22 

Note the numbers and the exit value. 

Think about these results. 

Think about these results too. 

Next, let’s try another STEP phrase in the FOR statement in line 140. 
List the program and change the FOR statement to this: 

140:: FOR C = F TO L STEP 10 

List the program again and check it. Then do these new experiments: 

RUN 
?0# 100 

RUN 
?1f 100 

mm m^^mmmmmmmmmmi 

Note the numbers and the exit value this 
time. 

Think about these results. 

9. What does the STEP phrase in a FOR statement tell the computer 
to do? 

10. What one change would you have to make in the original version of 
program COUNT to make it count by 10s? 
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Counting Down 
So far, all your experiments have resulted in lists in which the numbers 
got bigger. You can also tell the computer to count backward. List the 
program and change the 10 after STEP to -1. The FOR statement 
should look like this: 

la&zz FOR C = F TO L STEP -1 

List the program and check it. Then do these new experiments: 

RUN 
?lQf 5 

RUN 
?2&f 0 

Note the list; look at the exit value. 

Think about these numbers. 

11. What does a negative value in the STEP phrase of a FOR statement 
tell the computer to do? 

12. How is the exit value of C related to L when there is a negative 
STEP value? 

A Few Details 
There are only a few more details to learn about the FOR/NEXT 
abbreviation for counting loops. Change the program to this: 

100 
140 
1G0 
190 
195 
200 

REM--PR0GRAI1 COUNT 
: FOR C=3+4T03*4 
s s s PRINT 0 
“NEXT 0 

s PRINT "EXIT UALUE = "5 
END 

C 

Think what this changed program tells the computer to do. Then 
run the program and see if you are right. 

You just saw that the computer calculates the first and last values 
of a FOR/NEXT loop before the computer starts the loop. Now let’s see 
whether you can change the last value from inside the loop. Change 
the program to this: 

100 REM--PROGRAM COUNT 
120:: LET L = 10 
140:: FOR C = 1 TO L 
1G0S s s ; PRINT C 
1B5:::: LET L = 5 
190: : NEXT C 
195:: PRINT "EXIT UALUE = "? C 
200 END 

Notice that L starts out as 1 0; but inside the loop, L is changed to 5. 
Will the program count to 1 0 or to 5? Run it and find out. Then, type 
PRINT L in immediate mode and find what L is equal to. 
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The last experiment shows something important: The first and last 
values of a FOR/NEXT loop are computed only once, before the loop 
starts. They cannot be changed from inside the loop. You can change L 
inside the loop, but that change will not affect the last value of the loop 
variable C. 

13. When does the computer decide what numbers to use for the first 
and last values of the loop variable in a F 0 R / N E X T loop? 

14. Can a LET statement inside the body of a FOR/NEXT loop change 
the last value of the loop variable? 

If you have extra lab time: EXPIQBE 
■ Write aFOR/NEXT loop that prints the integers from 0 to 2 0. Next to 

each integer, the program should print its square root. Use the func¬ 
tion SOR. 

■ Load program BLAST OFF into your computer. One of the subrou¬ 
tines contains 23 identical statements. Rewrite that part of the sub¬ 
routine as a FOR/NEXT loop that tells the computer to repeat the 
statement 23 times. 

■ Load program HI THERE into your computer and run it. What does 
the FOR/NEXT loop tell the computer to do? How many times does it 
tell the computer to print your name? Make it print the message 200 
times. 

■ Load program SYMMETRY into your computer and run it. Change the 
loop in the main routine into aFOR/NEXT loop that repeats the two 
GOSUB statements 50 times. 

■ Load program 0UILT into your computer and run it. The F0R / NEX T 
loop in the main routine is easy to understand, but the loops in the 
subroutine at line 400 are tricky. Can you figure out what those 
loops do? 
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How the FOR and 
NEXT Statements Work 

IN • Learn the details of the FOR and NEXT statements, 
THIS SESSION • Learn why the exit value is always outside the range of the 

YOU WILL: loop variable. 
• Plan a programming project using FOR and NEXT 

statements. 

Experiments with the FOR/NEXT Loop 
The FOR/NEXT loop is just a short way of writing the counting loop. 
You saw in Session 52 that you really do not need the FOR / NEXT loop. 

Anything you can do with a FOR/NEXT loop, you can do with a loop 
made with REM, IF, and GOTO statements. (The reverse is not true. 
You cannot solve every loop problem with a FOR/NEXT loop.) 

Your FOR/NEXT loop This is the loop you studied in Session 52: 

140 FOR 0 = F TO L 
160 s s PRINT 0 
190 NEXT C 

Positive ranges The set of numbers from first (F) through last (L) 

is called the range of the loop variable (0). In Session 52, you found 
that when the first number was 90 and the last number was 100, the 
loop told the computer to print 90, 91, 92, and so on up through 100. 

A negative first value You also tried a range from - 10 through 10 
and found that the loop variable started at - 1 0 and then went to -9, 
-8, etc., all the way up through zero and on to 10. 

A short range When you used 5 for both ends of the range, the 
FOR/NEXT block went through the loop exactly once. It used the value 
5 for the loop variable. 

Exit values You learned that the value of the loop variable after 
the computer finished performing each loop is called the exit value. The 
exit value is always the first value outside the range given in the FOR 
statement. 

A different step Then you added the phrase STEP 2 to your FOR 

statement. You found that the variable started at the first value and 
increased by 2 each time around the loop. 

A negative step You found that you could count down from a big 
number to a small one by adding the phrase STEP - 1 to the FOR state¬ 
ment. 
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Outline Form of the FOR/NEXT Loop 
Like all other BASIC blocks, the FOR/NEXT loop has a general outline 
form. Here it is: 

-FOR variable = first TO last STEP step 

- do something 

-NEXT variable "**»"*■— 

The words first, last, and step each stand for a number or an expression 

that has a numeric value (examples: 23, 1 0, X + 5, LEN ( A$ )). If you 
omit the STEP phrase, the computer uses a step value of 1. The word 
variable stands for the name of a BASIC variable (examples: C, J). The 
phrase do something stands for the block of BASIC statements to be 
repeated. 

Nothing new here The F 0 R / N E X T loop is not really a new kind of 
loop. It is just a much shorter way of writing a counting loop. If the step 
value is positive, the outline below means exactly the same thing as the 
FOR/NEXT outline above: 

-LET variable = first 
_REM--LQDP 
- IF variable > last THEN_' 

- do something 

- LET variable = variable + step 
_ GOTO_ '' 
- REM--END LOOP ^ 

When the step value is negative, the symbol > in the third line must be 
changed to <. 

How the FOR/NEXT Loop Works 
The best way to see how any FOR/NEXT loop works is to rewrite it in 
the long form. That way you can see every detail of what is going on. 
Here is a program similar to one that you wrote in Session 52; 

100 REM--PROGRAM COUNT 
110:: PRINT "FIRST & LAST MALUES" 
120: : INPUT F * L 
140;: FOR C = F TO L STEP 3 
160;; ; ; PRINT C 
190:; NEXT C 
135:: PRINT "EXIT UALUE = "5 C 
200 END 
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Lines 110 through 120 ask the user to enter numbers for F and L. The 
F 0 R / N E X T loop is in lines 140 through 100. Line 105 prints the exit 

value of the loop variable C. 
Convert to long form The FOR statement in line 140 is an abbre¬ 

viation for three statements. So is the NEXT statement in line 100. 

Here is the long form of the same loop: 

100 REM--PROGRAM COUNT 
110s s PRINT "FIRST &: LAST UALUES" 
1 20 5 5 INPUT F ^ L 
130:: LET C = F 
140:: REM--LOOP 
150::: IF C > L THEN 190 
1B0:::: PRINT C 
170:::: LET C = C + 3 
180::: GOTO 140 
190:: REM--END LOOP 
10555 PRINT "EXIT UALUE = "? C 
200 END 

Loop initialization Line 1 3 0 in the long form assigns the value of F 
to the loop variable C. This process, which happens before the loop be¬ 
gins, is called initialization. We say that line 130 “initializes C to 
equal the value of F.” This value will be the initial, or first, value of 0 

inside the loop. 
Exit test The first statement inside the loop is the I F statement. 

Before performing the body of the loop, the computer tests whether C is 
already greater than L. If so, the loop stops with a jump to line 100. If 
not, the computer performs the body of the loop. 

Perform body of ioop The PRINT statement in line 1G 0 tells the 
computer to print the current value of C on the screen. Then line 170 
tells the computer to add 3 to C and assign the sum back to C. 

Loop back Finally, line 180 tells the computer to jump back to 
the start of the loop block, line 140. As before, the first action the 
computer takes inside the loop is to test whether C is greater than L. 
The loop repeats until C is greater than L. 

Exit vaiue When the exit condition C > L finally becomes true, the 
computer exits the loop by jumping to line 100. After that, it must 
perform line 105, which says to print the value of C when the exit 
condition became true. For this reason, the exit value is always the first 
value outside the range in the FOR statement. 

An Applesoft BASIC Bug 
You saw strange results on your Apple computer when you ran a pro¬ 
gram similar to this: 
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100 FOR C = 5 TO a 
110:: PRINT C 
120 NEXT C 

The computer printed 5 and stopped. The exit value of C was B. Now is 
the time for an explanation of this bug in Applesoft BASIC and a few 
other BASICS. 

Standard FOR/NEXT loop Let’s see how the F 0 R / N E K T loop is sup¬ 
posed to work. First, we convert the loop into the long form: 

100 LET 0=5 
102 REM--L00P 
104: IF C > 4 THEN 120 
110;: PRINT 0 
116:: LET 0=0+1 
118: GOTO 102 
120 REM--END LOOP 

This version tells how the Standard BASIC FOR/NEXT loop is per¬ 
formed. Line 100 sets 0 to the first value, 5. Inside the loop block, the 
IF statement tells the computer to see whether 0 is greater than 4. Of 
course, it is; so the computer exits the loop at once. The PRINT state¬ 

ment is never performed. The exit value of 0 is 5, the first value as¬ 
signed to it. 

The Applesoft FOR/NEXT loop In Applesoft BASIC, the computer 
performs the “do-something” part before testing whether to exit the 
loop. Here is how Applesoft BASIC performs the loop: 

100 LET C = 5 
102 REH--APPLESOFT LOOP 
110;: PRINT 0 
1 IB:: LET 0 = 0 + 1 
117; IF C > 4 THEN 120 
118: GOTO 102 
120 REM--END LOOP 

The computer goes through the body of the loop (lines 110 and 116) 
once, no matter what. That is why your computer printed 5 on the 
screen and why the exit value of 0 is 6, not 5, in Applesoft BASIC. 

Loop bug appears rarely This bug in Applesoft BASIC does not 
show up often, since you usually write loops that are supposed to be 
performed at least once. But the Applesoft loop bug may appear in a 
program like this one: 

400 PRINT "HOW MANY STARS DO YOU WANT"^" 
410 INPUT N 
420 FOR S = 1 TO N 
430:: PRINT "*"i 
440 NEXT S 

If you enter a 0, a computer using Standard BASIC will print no stars, 
but a computer using Applesoft BASIC will print one star. You can 

53 • How the FOR and NEXT Statements Work 297 



avoid this problem, the few times it comes up, by using the long form of 
the counting loop instead of the FOR/NEXT shorthand. 

More about Range Values 
You know you can use constants, variables, or more complicated ex¬ 
pressions to assign the range to a FOR loop. 

Computing range values You discovered that it was legal to write 
the following block. 

140 FOR 0=3+4 TO 3*4 
1G0;s PRINT 0 
190 NEXT 0 

The computer did the arithmetic in line 140 before it started the loop. It 
found the first value was 7 and the last value was 12. Then it per¬ 
formed the PRINT statement with 0 ranging from 7 to 12. 

Variables as range values You ran the following program, which 
has a variable as the last value of the range: 

120 LET L = 10 
140 FOR 0 = 1 TO L 
1G0 s s PRINT C 
lB5i s LET L = 5 
150 NEXT 0 

You probably were not sure at first whether the computer would go 
through the loop ten times or five times. L starts with a value of 1 0, but 
inside the loop the value of L is changed to 5. When you ran the pro¬ 
gram, though, you found that line 1 G 5 had no effect on the range of the 
loop. The computer did the loop ten times. 

Rules on FOR/NEXT ranges Your experiments can be summed up in 
the following rule: Before performing a FOR/NEXT loop, the computer 
first calculates the first and last values of the range. You cannot change 
the range by changing the values of any variables inside the body of the 
loop. 

A FOR/NEXT Loop Project: Making Graph Paper 
Take the rest of the time available to start planning a programming 
project. Be prepared to enter the program into the computer in 
Session 54. The project is to make the screen look like a sheet of graph 
paper. Ordinary graph paper is made by drawing a set of vertical and 
horizontal lines on a blank sheet. The spacing between the lines is usu¬ 
ally constant. 

What you will need Here are some things you should think about. 
What color should the screen be? How far apart horizontally should the 
lines across the screen be? What should the vertical spacing be? What 
color should the lines be? 
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Main routine outline Here is a top-level outline of the project: 

100 REM--PR0GRAI1 GRAPH PAPER 
110!!; get colors and line spacing 
120;; cover the screen with background color 
130;; draw the set of horizontal lines 
140;; draw the set of vertical lines 
150 END 

What you should do As usual, your first task is to substitute 
GOSUBs for the English statements in the main routine. Then start 
planning the subroutines you will need. You might want to refer to 
page 92 in Session 17, which has a table of all the Apple II colors. The 
same table gives the shades of gray available on a black-and-white 
screen. 

Three FOR/NEXT loops You will need a FOR/NEXT loop to fill the 
entire screen with one color. This loop will be much like the one you 
wrote for your project in Session 50, except that you can use the FOR/ 
NEXT abbreviation this time. You will also need aFOR/NEXT loop with 
a STE P phrase to draw the set of vertical lines, and another loop with a 
STEP phrase for the horizontal lines. Remember that screen positions 
are from 0 to 39 in both directions. 

1. What is meant by the range of a FOR/NEXT loop? 

2. If you open a loop with the statement 

250FORN=21TO21 

how many times will the computer perform the body of the 
loop? 

3. What will the exit value of M be after the computer finishes the 
loop in question 2? 

4. Which three lines of the long loop outline on page 295 can be 
shortened to a single FOR statement? 

5. Which three lines of the long loop outline on page 295 can be 
shortened to a single NEXT statement? 

6. Suppose the program on page 296 is run and the user enters 
each one of the sets of values for F and L shown below. For 
each set, use the long form of the counting loop to say what 
the program tells the computer to print on the screen. 

a. F = 2»L = 8 c. F = 2#L = 2 
b. F = 2#L = 0 d. F = 2fL=l 
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7. Why is the exit value of a loop variable always the first value 
outside the range given in the FOR statement? 

8. When does the computer test the exit condition in the 
Applesoft BASIC FOR/NEXT loop? 

9. When is the range of a FOR/NEXT loop computed? 

10. Can you change the range of a F 0 R / N E X T loop from inside 
the body of the loop? 

Sometimes your classmates can help you find the bugs in your program. 
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Programming Project: 
FOR/NEXT Loops ^ “ 

IN • Enter the program you planned in Session 53. 
THIS SESSION • Debug the program. 

YOU WILL: 

Computer Work 
If you have not finished writing program GRAPH PAPER, do so 
now. Then enter it into the computer and debug it. 

If you have extra lab time: EHPJ.aHE 
■ Add to your program a subroutine to draw a solid rectangle anywhere 

on the screen. It can be similar to the one you wrote in Sessions 49 
and 50, except that you may want to use a FOR/NEXT loop this time. 
Then make your program draw a series of colored rectangles on the 
diagonal blocks of the graph paper your program now draws. 

■ Program LITTLE TROT contains a subroutine for drawing solid rec¬ 
tangles. Load the program and find the subroutine. See how it is used 
by other subroutines. 
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Part 7 HEUJEI^ 

Words printed in color in the table were introduced in this part. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 
--- 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN LOAD INPUT SPEED= GOSUB INT 

LIST SAUE LET FLASH RETURN SOR 
NEW DELETE PRINT INUERSE END RND 

DEL CATALOG REM NORMAL GOTO LEN 
CONT LOCK PLOT C0L0R= IF MID$ 

BRUN UNLOCK HLIN TEXT FOR 

ficINDENT ULIN GR NEXT 

8cUNDENT 
&RENUriBER 

HOME 

New BASIC Words 
BRUN A command used to load and run a 

binary code program stored on diskette. 
FOR A statement used to open a count¬ 

ing loop. 
NEXT A statement used to close a count¬ 

ing loop. 

&INDENT A command used to indent 
portions of a program. 

&RENUMBER A command used to re¬ 
number all or portions of a program. 

&UNDENT A command used to remove 
indents from portions of a program. 

New Ideas 
abbreviated loop block A loop that does 

not have one of the two usual “do some¬ 
things.” 

artificial intelligence The attempt to 
build into computer programs some of 
the following things: knowledge, pat¬ 
tern recognition, adaptation, judgment, 
and the ability to understand human 
languages. 

counting loop A loop used to perform 
some action a fixed number of times. 

flag A variable that is never part of 
data, used to signal the end of a set of 
data. 

flowgraph A diagram using boxes and 
arrows to show the structure of a pro¬ 
gram block. 

infinite loop A loop with no exit condi¬ 
tion. 

loop A program structure that causes a 
group of statements to be repeated. 
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loop block A set of statements that de¬ 
fines a loop in a program, 

loop body The statements inside a loop 
block. 

loop exit condition The condition that 
when false allows a program loop to 
continue and when true stops the loop. 

loop exit value The value of a loop varia¬ 
ble after a loop ends, 

loop range The set of numeric values a 
counting loop variable can have inside 
the loop. 

loop variable The variable that is tested 
to exit from a counting loop. 

In the computer world, progress is very rapid. Left: Just a 
few years ago, computers were a maze of wires. Above: 
Now, most contain tiny parts and circuits. 
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Part 

Control Blocks The Branch 

In Part 7, you learned to use the loop block to solve many programming 
problems. In this part, you will learn about branches. 

Branch blocks A branch can handle an either-or situation. 
Branches allow you to tell the computer to do either one or the other of 
two possible groups of statements, depending on whether a condition is 
true or false. Suppose, for example, that you use the RND function to 
stand for the toss of a coin. Then you can use a branch block to tell the 
computer to print either HEADS (if RND ( 1 ) is less than one-half) or 
T AI LS (if RND ( 1 ) is greater than one-half). Without a branch block, 
the program could not tell the computer to print HEADS or TAILS. 

Actions, loops, and branches Only the simplest program can be 
written as a straight-line list of action statements. You must put a loop 
in the program if you want the computer to perform the same block of 
statements again and again. You must put a branch in the program if 
you want the computer to choose between two blocks of statements and 
perform only one of them. 

Nothing else No other control blocks are needed, though. No mat¬ 
ter how complex a programming problem seems when you first look at it, 
you can solve it by using only three types of blocks: actions, loops, and 
branches. Remember this fact if you are stumped when writing a pro¬ 
gram. To decide what comes next, you need only figure out which of the 
three blocks is the right kind to use. 

Filling in the outline After you choose the correct block, you then 
write its outline and fill in the details. Usually, you can handle the 
details with one or two BASIC statements. Sometimes, however, you 
may need to put a loop block or a branch block inside another loop block 

or branch block. You will see examples in this part. This way of plan¬ 
ning and writing is often called structured programming. Careful 
studies show that people who use structured programming methods are 
far more successful than others at handling complex problems. 
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^ structure of the 
" Branch Block 

IN • Learn the structure of the branch-block outline, 
THIS SESSION • Learn the flowgraph form of the branch block. 

YOU WILL: • Use the branch-block outline to describe everyday events. 
• Find the branch block in the RUN program. 

Branch-Block Outline 
In Session 47, you learned how to write an outline of the loop block. You 
used a mixture of BASIC and English words. In this session, you will 
write an outline of the branch block. 

Purpose of a branch A branch block is used for an either-or situa¬ 
tion. The computer begins by testing a condition to see whether it is 
true or false. If true, the computer performs one group of statements. If 
false, it performs a different group of statements. In either case, the 
computer goes on to the next statement after the branch block. 

Components of a branch The first part of a branch block is an IF 
statement that contains the condition to be tested. After that, there 
must be one group of statements the computer performs if the condition 
is true and another group the computer performs if the condition is 
false. There must be a GOTO statement between the two groups to tell 
the computer to skip the second group if it has performed the first. Here 

is the outline: 

Parts of the outline As in the loop-block outline, the blanks show 
where line numbers will be used. The jump arrows remind you that the 
numbers after THEN and GOTO must match the line numbers of the 
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targets. REM statements remind readers of the reason for the jumps. 
Condition stands for an expression such as A 1 > 5 or A $ = "STOP". 
The indented phrase do something stands for one or more BASIC state¬ 
ments. Here is how the computer performs a branch: 

The computer’s rules for performing a branch block 

1. Test the condition to see whether it is true or false. 

2. If the condition is false, move the line pointer to the 
REM~-FALSE statement and perform the first ^‘do something” 
block. If the condition is true, move the line pointer to the 
REM~-TRUE statement and perform the second “do some¬ 
thing” block. 

3. Move the line pointer to the REM~~END IF statement. 
■5^^ ..- 

Differences in jump arrows The outline shows that the branch 
block is very different from the loop block. In the loop block, there is a 
jump arrow from the GOTO statement at the end all the way hack to the 
beginning. In the branch outline, both jump arrows go forward. 

Different uses of the IF statement The IF statement appears in 
both types of blocks, but it has a completely different purpose in each 
one. In the loop block, the IF statement tells the computer when to exit 
from the loop. In the branch block, the I F statement tells the computer 
which “do something” to perform. 

Different uses of GOTO statement The GOTO statement also ap¬ 
pears in both types of blocks, but the uses are totally different. In the 
loop block, the GOTO statement at the end tells the computer to loop 
back to the beginning. In the branch block, the GOTO statement tells 
the computer to skip the true “do something” if it has performed the 
false “do something.” 

Flowgraph of the Branch Block 
In Session 49, you learned how to draw a loop block as a flowgraph. You 
can use the same flowgraph symbols to diagram a branch block. Re¬ 
member that in a flowgraph, the rectangular boxes stand for blocks of 
statements, the diamond-shaped boxes stand for I F statements, and 

the lines show the order in which the computer performs the boxes. 
Branch-block flowgraph Since the branch block begins with an IF 

statement, the flowgraph must start with a diamond. On the next page 
is the complete flowgraph of the branch block. 
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true 

If the condition is false, the computer follows the vertical path, per¬ 
forms the upper “do something” block, and then skips the lower one. If 
the condition is true, the computer follows the path at the right and 
performs the lower “do something” block. 

Branches in Everyday Life 
Branches are not limited to computer programs. You probably use 
branches often when you tell another person how to do something. You 
also find branches in the instructions people write for doing everyday 
tasks. Let’s look at some examples. 

Adding “ly” Think about these sentences: “The right lane on a 
highway is the slow lane. People drive slowly in the right lane.” Slow 
is an adjective in the first sentence. Slowly is an adverb in the second 
sentence. You can change the adjective to the adverb by adding ly. But, 
is that rule always true? Speedy is also an adjective. If you add ly, you 
get speedyly. The correct word is speedily. 

Instructions for adding “ly” When you were younger, you learned 
the following spelling rule for changing adjectives to adverbs. “If the 
adjective ends in y, change the y to i and add ly. Otherwise, add Zy.” 

Not an action or a loop If you think about this spelling rule as a 
program block, you’ll see that it is not a loop. Nothing gets done again 
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and again. It is a branch: Either one thing gets done or another thing 
gets done. Here is how you could write the spelling rule, using a mix¬ 
ture of BASIC and English. 

Field goal or punt? A second example of an everyday branch block 
is a problem every quarterback has faced in a football game. It is fourth 
down. Should you punt or try for a field goal? 

The coach’s instructions The coach might give these instructions: 
“If the ball is inside the opponent’s 30-yard line, try for a field goal. 
Otherwise, punt.” Here are those instructions written as a BASIC 
branch block: 

Paul Revere’s ride Paul Revere faced a problem we can describe 
with a branch block. This example is interesting because it needs an 
action and a loop block as well as a branch block. 

Paul’s problem Paul Revere’s mission was to warn the Minutemen 

at Lexington whether the British forces were coming by land or by sea. 
His instructions to a fellow patriot might have been these: “Climb up in 
the tower of Old North Church, from where you can see what the Brit¬ 
ish are doing. If they come by land, hoist one signal lantern. If they 
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come by sea, hoist two. Once I see the signal, I’ll ride and spread the 
alarm.” 

A block description There are three separate parts to Paul’s in¬ 
structions. First, climb the tower. Second, wait until you see the Brit¬ 
ish. Third, give one alarm or the other. Here is a BASIC outline of the 
orders. 

-climb the church tower 

_REM--LOOP ... 

- look for movement 

- IF British are coming THEN_ 

- wait awhile 

_ GOTO_■" ■ 
_REM--END LOOP " 

-IF British coming by sea THEN __ 
_ REM--FALSE 

- light one lantern 

_ GOTO_■■■!! II 
_ R E M - - T R U E 4" ' 

- light two lanterns 

_REM--END IF 4"" ' 

Branch block is essential You cannot describe any of these instruc¬ 
tions with the action and loop blocks alone. With the branch block as 
well, you can give any instructions, no matter how complex. This is true 
whether you are giving instructions to a person or to a computer. 

QUEBTJaOIS 
1. Why must a jump arrow go backward in a loop block but not 

in a branch block? 

2. What is the purpose of the IF statement in the branch block? 
In the loop block? 

3. What is the purpose of the GOTO statement in the branch 
block? In the loop block? 
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4. What do the three REM statements in the branch outline on 
page 306 tell a reader of the program? 

5. Why must the first statement in a branch block be an IF 
statement? 

6. What is the meaning of a diamond-shaped box in a flowgraph? 

7. What is the meaning of a rectangular box in a flowgraph? 

8. Why does the branch-block flowgraph begin with a diamond? 

9. Which line in the branch-block flowgraph corresponds to the 
jump arrow from the GOTO statement in the branch outline? 

10. Which line in the branch-block flowgraph stands for the jump 
arrow from the I F statement in the branch outline? 

11. Look at the revised version of the RUN program on page 132. 
Step 2b says: “If step 2a just moved the line pointer, leave the 
pointer there; if not, move the pointer to the next line of the 
program in the memory unit.” Write step 2b in the form of a 
BASIC branch outline. 

12. A friend telephones you and says: “Let’s go on a picnic Satur¬ 
day. If it rains, we’ll go to a movie instead.” Rewrite this sug¬ 
gestion in the form of a BASIC branch outline. 

13. Make up your own either-or situation and write instructions 
for it in the form of a BASIC branch outline. 
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Exploring the Branch 
Block 

IN • Find branch blocks in programs DECISION and 
THIS SESSION LITTLE TROT, 

YOU WILL: • Write a branch biock that simulates the toss of a coin. 

Reading Programs with Branches 
In Session 55, you learned about the branch block. You saw several 
examples of everyday instructions that could be written as BASIC 
branch outlines. In this section, you will read programs, look for branch 
blocks, and make changes in the blocks. 

The BASIC branch outline begins with an I F statement and ends 
with aRE!1--END IF statement. Here is the outline: 

Notice that each of the two “do somethings” comes after a REM state¬ 
ment. REM--FALSE reminds the reader that the first “do something” 
block of statements is done if the condition is false. REM--TRUE is the 
target line of the I F statement; so the second “do something” block is 
done only if the condition is true. The GOTO statement after the false 
“do something” tells the computer to skip over the true “do something.” 

Start the computer with your diskette as usual. Then load 

and run program DECISION. Notice the pattern it produces. 

Think about how you would tell the computer what color to use 
on different parts of the screen. 

Now, list program DECISION. Locate the branch block. 
Think about how it works. 
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1. What lines of program DECISION contain the branch block? 

2. What is the condition in this branch block? 

3. What are the two “do somethings” in this branch block? 

4. What does this branch block tell the computer to do? Explain in your 

own words. 

Changing the Branch Block 
You have seen a branch block that tells the computer how to choose a 
color. Next, let’s change the condition and see what happens. 

Change X < 20 to Y < 20 in the branch block in program 
DECISION. Think about what the branch block now tells the 
computer to do. Run the program and find out if you were correct. 

Now, change the expression to X + Y < 40. Think about what 
this new condition means. Mentally try some values of X and Y to 
see which values produce which colors. Run the program and 
test your ideas. 

Now, let’s make an error: Remove the GOTO statement from 
the branch block. List the program and think about what this 
incorrect branch tells the computer to do. Run the program and 
find out if you were right. 

5. Suppose you use the condition Y < 2 0 in the branch block in program 
DECISION. What does that condition tell the computer to do? 

6. Why did removing the GOTO statement from the branch block cause 

the trouble you saw? 

The Branch in LITTLE TROT 
Program LITTLE TROT tells the computer to race a black turtle 
against a green one. As the turtles race, the program must tell the 
computer either to move the black turtle or else to move the green 
turtle. Since the race is really an either-or situation, there must be a 
branch in the program. 

Load LITTLE TROT and run it a few times. Now list the main 
routine only. Try to decide which one of the subroutines is going 
to contain the branch block. List that subroutine and find the 
branch block. Think about what it tells the computer to do. 

7. How does this branch block tell the computer which turtle to move? 
(Hint: Remember that RND ( 1 ) results in random numbers between 

0 and 1.) 

8. What are the two “do somethings” in this branch block? 
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9. If you wanted to give one turtle a better chance of winning than the 
other, what part of the branch block would you have to change? 

Writing a Coin-Tossing Branch Block 
Now that you have seen a few branch blocks, you can write one. Your 
job is to write a program that simulates the tossing of a coin. The pro¬ 
gram should print HEADS or TAILS after each ‘Toss.” Use the RND 
function to get random numbers, much as the LITTLE TROT branch 
block does. 

Here is a top-level description of the main routine of your program: 

100 REM--PROGRAM COINS 
110s; ask user how many coins to toss. 
120; 5 toss coins; print HEADS or TAILS for each. 
130 END 

You should convert line 110 to a GOSUB to an input subroutine. Line 
120 should become a GOSUB to the subroutine that does most of the 
work. Write that subroutine in the form of a FOR / NEXT loop. Inside the 
loop, there should be a branch that decides which word to print on the 
screen. 

Complete the writing and debugging of program COINS. Run 
it several times and make sure that it behaves as randomly as a 
tossed coin. 

If you have extra lab time: EXPJ.aRE 
■ Suppose you want program CO I NS not only to “toss coins” but also to 

count the number of heads and the number of tails. Then, when the 
tossing loop is over, you want the computer to print the two counts. 
Change the program so that the computer keeps track of how many 
heads and how many tails and also prints the count. 

■ Change your program so that the “coin” comes up heads 60 percent of 
the time and tails 40 percent of the time, on average. 

■ Program SPAGHETTI behaves exactly like LITTLE TROT, but it is 
written very differently. Try to find the part of SPAGHETT I that tells 
the computer which turtle to move. Which program is easier to read? 
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Nesting Program 
Blocks ^ 

IN • Learn what a computer simulation is, 
THIS SESSION • Learn that computer simulations may not be accurate. 

YOU WILL; • Review the coin-tossing simulation. 
• Learn how to nest one program block inside another, 
• Plan o programming project using nested blocks. 

What Is a Computer Simulation? 
In Session 56, you wrote program COINS, which gives results as ran¬ 
dom as the results of tossing a coin over and over. Program CO I NS is an 

example of a computer simulation. “To simulate” means “to pretend” 
or “to behave similarly.” The computer does not really toss coins, of 
course. But your program made the computer behave randomly, much 
as we think tossed coins behave. People use computer simulations to 
study many real things, such as a rocket journey to the moon, economic 
changes in a town, and even the decisions that can lead nations to war. 
Most electronic games are also computer simulations. 

Accuracy of a simula¬ 
tion A computer simula¬ 
tion is only as accurate as 
the ideas of the program¬ 
mer who wrote the pro¬ 
gram. To simulate a 
rocket trip to the moon, 
the programmer has to 
know the laws of physics 
and use them correctly. 
The laws of physics have 
been tested for centuries 
and are quite accurate. 
The laws of economics are 
not as well understood, so 
economic simulations are 
likely to be less accurate 
than rocket simulations. 
Remember this: Results 
are not correct just be¬ 
cause they come out of a 
computer. 

Many computer 
programs are 
simulations 
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Review of Program COINS 
There is no single correct way to write an English composition or to 
write a computer program. For example, there are several correct ways 
to write program COINS. Here is how one person wrote program 
COINS: 

100 PROGRAM COINS (BRUCE'S VERSION) 
110:: GOSUB 200: REM--INPUT NUMBER 
120;; GOSUB 400; REM--T0SS COINS 
130 END 
140 : 
200 REM--SUB INPUT NUMBER 
210;: PRINT "HOW MANY COINS DO YOU WANT"^" 
220:; INPUT N 
230 RETURN 
240: 
400 REM--SUB TOSS COINS 
410: ; FOR J = 1 TO N 
420::;; GOSUB B00; REM--0NE TOSS 
430:; NEXT J 
440 RETURN 
450 : 
B00 REM--SUB ONE TOSS 
B10:: IF RND (1) > ,5 THEN 650 
G20::: REM--FALSE 
630: : : : PRINT "HEADS" 
B40:::; GOTO 670 
650::: REM--TRUE 
660:;;: PRINT "TAILS" 
670;; REM--END IF 
680 RETURN 

Main routine The main routine is divided into two main actions. 
GOSUB 200 tells the computer to ask the user how many coins to toss. 
GOSUB 400 tells the computer to toss that number of coins and print 
HEADS or TAILS. 

Input subroutine The subroutine in line 200 simply does two 
things; It asks (prompts) the user for a number and then it waits for an 
answer (input) from the user. The INPUT statement assigns the num¬ 
ber to a variable named N. 

Toss loop The body of the subroutine at line 400 is a FOR/NEXT 
loop. It tells the computer to repeat the statement GOSUB 600. The 
number of repetitions is equal to the value of N. 

One-toss bronch The subroutine in line 600 simulates the toss of 
a coin. It uses the RND function to get a random number between 0 and 
1. If the number is less than 4 5 (one-half), the computer prints HEADS. 
Otherwise, the computer prints TAILS. The structure of this subrou¬ 
tine is a branch block. 
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Another Version of COINS 
Although correct, Bruce’s version of CO I NS is not the only one. Here is 
how another person wrote program COINS: 

100 PROGRAM COINS (JENNIFER'S VERSION) 
110!!; GOSUB 200; REM--H0N MANY 
120;; GOSUB 400; REM--FLIPPEM 
130 END 
140; 
200 REM--SUB HON MANY 
210;; PRINT “HON MANY FLIPS?" 
220;; INPUT C 
230 RETURN 
240 ; 
400 REM--SUB FLIPPEM 
410;; FOR A = 1 TO C 
420;;;; IF RND (1) > *5 THEN 4G0 
430;;;;; REM--FALSE 
440;;;;;; PRINT "HEADS" 
4B0;;;;;; GOTO 480 
4G0;;;;; REM~-TRUE 
470;;;;;; PRINT "TAILS" 
480;;;; REM--END IF 
490;; NEXT A 
B00 RETURN 

Small differences The two writers did things differently, but both 
programs work correctly. Some differences are small. The names of the 
subroutines at lines 200 and 400 are different. Bruce used variables 
named N and J; Jennifer named them C and A. 

Big difference There is one very big difference, though. Bruce 
used three subroutines, and Jennifer used only two. Bruce’s FOR / N E K T 
loop contained a GOSUB G00 to the third subroutine, which tossed the 
coin and decided whether to print HEADS or TAILS. But Jennifer’s 
FOR/NEXT loop is much longer and contains no GOSUB statement. 

The loop body Let’s take a close look at the body of the loop in 
Jennifer’s version of the program. Here it is: 

420;;;; IF RND (1) > *5 THEN 4B0 
430;;;;; REM--FALSE 
440;;;;;; PRINT "HEADS" 
450;;;;;; GOTO 480 
4G0;;;;; REM--TRUE 
470;;;;;; PRINT "TAILS" 
480;;;; REM--END IF 

It is easy to see that the body of the loop is a branch block. It begins 
with an I F statement and ends with a REM-~END IF statement. In 
fact, it is exactly the same branch block (except for line numbers) that 
appeared as the last subroutine in Bruce’s version of the program. 
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A branch inside a loop The big difference between the two ver¬ 
sions is the way the two writers thought about the branch. Bruce 
thought of it as a separate action and put it into a subroutine of its own. 
Jennifer thought of the branch as the body of the FOR / NEXT loop, and 
she wrote it there. 

Nesting of Blocks 
Jennifer’s version of program COINS is an example of nesting—put¬ 
ting one long program block inside another program block. In this sec¬ 
tion, you will learn how to read programs with nested blocks. 

Complex looking The first time you see a lot of nesting, the pro¬ 
gram looks very complex. For example, here is Jennifer’s coin-tossing 
subroutine: 

400 REM--SUB FLIPPEM 
410 s s FOR A = 1 TO C 
420!;s;s IF RND (1) > *5 THEN 4G0 
430 s s s s ; REM--FALSE 
440 s s s s s ; PRINT "HEADS" 
450 s s s s s ; GOTO 480 
4G0 s s s s s REN--TRUE 
470; s s s s s PRINT "TAILS" 
480 s s ; s REM--END IF 
490 s ; NEXT A 
500 RETURN 

Start at outer level The trick is to start reading at the outer level. 
Try to get the big picture before looking at the details. The outer level is 
the subroutine itself. The first thing to do is find the body of the subrou¬ 
tine. Let’s draw a box around the body: 

400 REM--SUB FLIPPEM 

Look inside the box Now you can see that lines 410 to 490 make 
up the body of the subroutine. The next step is to see what is inside the 
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box. The box contains an entire FOR/NEXT loop. Inside every loop is a 
“do something.” Let’s draw another box, this time around the “do some¬ 
thing” part of the loop: 

400 REM~~SUB FLIPPEM 

410 FOR A = 1 TO C 

420 IF RND (1) > .5 THEN 480 
430 s REM--FAL8E 
440 ss PRINT “HEADS" 
450 s s GOTO 480 
4G0 s REM--TRUE 
470 s s PRINT “TAILS" 
480 REM--END IF 

480 NEXT A 

r~ .*^1 .•:i 

RETURN 

Look inside again The inner box contains the whole body of the 
loop. The next step is to look inside the inner box. This time, you find an 
entire branch block. A branch block has two “do somethings.” Let’s 
draw a box around the true “do something” and another box around the 
false “do something”: 

400 REM--SUB FLIPPEM 

410 FOR A = 1 TO C 

420 IF RND (1) > .5 THEN 480 
430 REM--FALSE 

440 PRINT “HEADS" 

450 GOTO 480 
480 REM--TRL1E 

470 PRINT “TAILS" 

480 REM--END IF 

490 NE K T A 

500 RETURN 
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Look inside The two inner boxes contain the true and false ‘‘do 
somethings” of the branch block. When you look inside this time, you 
see only simple action statements. There is nothing left to box. 

Conciusions This way of looking at lines 400 to 500 helps you 
understand the block. First, the whole block is a subroutine. Second, 
the body of the subroutine is a FOR/NEXT loop, so something will be 
repeated C times. Third, the thing to be repeated is a branch block. 
Fourth, the true and false “do somethings” of the branch are simple 
PRINT statements. 

Boxing and indenting You will not want to draw boxes around the 
parts of every program you read. Fortunately, you do not have to. That 
is, you do not have to if the writer indents each block nested inside 
another block. By looking at the indents, you can see the nesting with¬ 
out drawing boxes. 

Planning a Program with Nesting 
Jennifer’s program CO I NS is an example of a branch block nested in¬ 
side a loop block. In this section, you will plan a program that nests one 
branch block inside another branch block. In Session 58, you will 
enter your program into the computer and debug it. 

The problem Your problem is to write a program that begins by 
asking the user to enter two words. The program must tell the computer 
to decide first whether the words are the same or different. If the words 
are the same, the computer must print a message saying so. If they are 
different, the computer must tell which one comes first in the diction¬ 
ary. 

Three-way branch This program has a three-way branch: Word 1 
is the same as word 2, or word 1 comes before word 2, or word 1 comes 
after word 2. The branch blocks you have seen are only two-way, ei- 
ther-or branches. But you have learned that you can nest one block 
inside another. You can create a three-way branch by putting one two- 
way branch inside another. 

Outer branch You can start by writing the BASIC branch outline 
that you have learned. Choose a condition that tests whether the two 
words are the same. 

Inner branch If the words are the same, the computer tests no 
further. If not, the computer must test the words again to see which 
comes first in the dictionary. This test is the first line of the inner 
branch, which must be nested inside the outer branch. 

Planning the program You should be able to plan the whole pro¬ 
gram now. Write a top-level description first. Then fill in the details. In 
the next session, you will enter the program into the computer and 
debug it. 
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1. What is a computer simulation? ^ 

2. What determines how accurate a computer simulation is? 

3. Program COINS uses the R N D function to get random num- B 
hers. Suppose that RND does not give truly random numbers. 
How would that affect the accuracy of the simulation? 

4. In Bruce’s version of program COINS, what is the condition 
in the branch block? 

5. In Bruce’s version of program COINS, what are the two “do 
somethings” in the branch block? 

6. In Bruce’s version of program COINS, what is the “do some¬ 
thing” in the loop block in the subroutine at line 400? 

7. What is the main difference between Bruce’s and Jennifer’s 
versions of program COINS? 

8. Which version of program COINS, Bruce’s or Jennifer’s, do 
you like better? Explain your answer. 

9. What does it mean to say that one program block is “nested” 
inside another block? 

10. Each nested box on page 319 contains the “do something” of a 

program block. What type of block is each box inside? 

11. How do indents help you read programs with nested blocks? 
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Programming Project: 
Nested Blocks 

IN • Enter the program planned in Session 57, 
THIS SESSION • Debug the program and save it on the diskette, 

YOU WILL: 

Three-Way Branch Problem 
The program you designed should do two things. First, it should ask the 
user to enter two words. Second, it should do only one of these three 
things: 

1. Print SAME if the two words are identical. 

2. Print a message saying that the first word comes before the sec¬ 
ond in the dictionary, if that is true. 

3. Print a message saying that the first word comes after the sec¬ 
ond in the dictionary, if that is true. 

Start the computer as usual with your diskette. Enter your 
program. Run it several times and check it with words that cause 
all three messages to be printed. 

Save your program with the name DICTIONARY before fin¬ 
ishing this session. 
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Empty Branches 
IN • Learn the outline of the branch block when one branch is 

THIS SESSION empty. 
YOU WILL: • Learn the opposites of oil the comparison operators. 

• Write one-line branches, 
• Plan o program with empty branches. 

Examples of Empty Branches 
You have seen that the branch block lets you write programs that do 
one thing or another. The branch outline contains both a false “do some¬ 
thing” and a true “do something”: 

Doing nothing There are many times, however, when you want to 
tell the computer either to do something or else to do nothing. If you 
wanted to show these changes in the above outline, you would make 

one of the two “do somethings” empty. In other words, there would be 
no BASIC statements in one of the two branches. In this session, you 
will see examples of this special case, and you will learn how to shorten 
the outline when there is an empty branch. 

Everyday examples Empty branches occur often in everyday life 
as well as in computer programs. Think about each one of these sen¬ 
tences: 

1. If it is raining, take your umbrella. 

2. If you have enough money, buy a bag of oranges. 

3. If the room is too hot, turn down the thermostat. 

Ask yourself what each sentence says to do if the condition is false. If it 
is not raining, what should you do? If you do not have enough money, 
what should you do? If the room is not too hot, what should you do? 
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Do nothing The answer to all three questions is the same: “Do 
anything.” The instructions say nothing at all about what to do if the 
condition is false. If these sentences were written as BASIC branch 
outlines, the false “do something” would be empty. 

The branch outline Let’s see how to put sentence 1 into the form of 
a BASIC branch. Here is how it looks: 

IF it is raining THEN 
REM--FALSE 

do nothing 

T 
REM--TRUE <= 

take umbrella 

REM--END IF# 

A Shortened Branch Outline 
You just saw that the standard BASIC branch outline can be used for 
empty branches. However, it is long and clumsy. There is a shortcut for 
empty branches. 

Hard to read The “do nothing” part of the “if it is raining” branch 
does not really tell you anything. You can simply leave this part of the 

branch out: 

_IF it is raining THEN_ 
_ REM--FALSE 

_ R E M - - T R LI E ^ 

_ take umbrella 

_ REM--END IF< 

Although this version is correct, it is very hard to read. It seems silly to 
have a false branch with nothing in it, and then a GOTO to get around 
the true branch. 

A better way It would be better if the false branch had something 
to do and the true branch were empty. Then there would be no need for 
a GOTO statement. You can switch the false and true “do somethings'' in 
any branch block by changing the condition to its opposite. On the next 
page is the sentence with the condition changed from “it is raining” to 
“it is not raining”. 
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This version says exactly the same thing as the original one. 
Shortening the branch This version of the branch is no easier to 

read, but a small change will make it more readable. The “do nothing” 
part is really empty, so there is no need for the GOTO statement. Also, 
there is no need for the REM--TRUE statement, since the true branch is 
empty. Here is the shortened branch: 

IF it is not raining THEN 
REM — F H L b E 

take umbrella 
7 

REM--END IF<]^ 

More readable This version of the empty branch is the easiest one 
to read. The I F statement tells when to skip the “do something” in¬ 
structions—“take umbrella.” 

Opposite Conditions 
You just saw how to shorten the BASIC branch outline when one 
branch is empty. Here is the shortened form: 

IE skip condition THEN 
REM--FALSE 

do something 

REM--END IF<J=== 

The skip condition You found that you had to change the condition 
in the long branch outline into a skip condition, which tells the com¬ 
puter when to skip over the “do something” block. In this section, you 
will practice changing conditions into skip conditions. 
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Opposites In the last section, you changed the English phrase “it 
is raining” into the opposite phrase “it is not raining.” In mathematics, 
these two phrases are called complementary. That word comes from 
the word complete. The two phrases together are complete: Either it is 
raining or it is not raining. There are no other possibilities. 

BASIC comparisons All the conditions in your BASIC programs 
are based on comparisons between two pieces of data. Are they equal? Is 
one greater than the other? To change a BASIC condition into a skip 
condition, you will need practice in finding opposites of the BASIC com¬ 

parisons. 
Opposite of “equal” Let’s suppose you start with the condition 

A$ = B$, and you want to find the opposite condition. Two pieces of data 
are either equal ( = ) or not equal (< >). So the conditions A$ = B$ and 
A$ < > B$ are opposite and also complementary, because there are no 
other possibilities. 

Opposite of “greater than” Suppose you start with the condition 
P > Q, which is true if the value of P is greater than the value of 0. What 
is the opposite, or complement, of greater than? It is natural to say that 
less than is the complement of greater than, but that is wrong. The 
conditions P > Q and P < 0 are not complete: The condition P = Q is not 
included in either one. 

Less than or equal The complement oigreater than (>) is less than 
or equal (< =). P is either greater than Q or else it is less than or equal to 
Q. The conditions P > Q and P < = 0 are complete. There are no other 
possibilities. 

Complementary operators The table below shows a complete list 
of all the comparisons possible in BASIC and their complements. 

Comparisons 
equal to A = B 
less than A < B 
greater than A > B 

Complements 

A < > B not equal to 
A >= B greater or equal 
A < = B less or equal 

Notice that you can read this table from right to left or left to right. For 
example, the complement of < > is =, the complement of > = is <, and the 
complement of < = is >. 

Skip conditions You need to figure out the complement, or oppo¬ 
site, of a BASIC comparison when you want to use the short form of the 
branch block. Recall that you need to know how to tell the computer 
when to skip the “do something” block. It is natural for you to think 
about the condition for performing the “do something,” not for skipping 
it. If you think about the “do something” condition first, you must then 
change it to the skip condition. 
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Another Short Branch 
Applesoft BASIC allows you to write some special empty branches in a 
very short form. In this section, you will find out how to do that. You 
will also find out when not to use this form. 

The IF statement You have learned that the I F statement has this 
form: 

I F condition THEN number 

Number stands for the line number of another statement in a program. 
Every version of BASIC has such an I F statement. A few versions, 
including Applesoft, allow you to use another kind of I F statement: 

I F condition THE N statement 

Statement stands for any BASIC statement at all. If the condition is 
true, the computer performs the statement. If the condition is false, the 
computer skips the statement. 

Examples Here are a few examples of this kind of I F statement: 

230 IF K > 39 THEN LET X = 39 
350 IF A$ = "NO” THEN END 
480 IF P = 1 THEN GOSUB 800 

The first example might be used in a graphics program to make sure 
that an X coordinate does not get too big. The second example could be 
used to stop a program if the user had just typed NO in answer to an 
I NPUT A$ statement. The third example tells the computer to perform 
the entire subroutine at line 8 0 0 if P = 1. 

Advantages This one-line branch block is very easy to think about 
and use. You do not have to figure out the complement of the compari¬ 
son. The statement is also very easy to read. 

Disadvantages If the “do something” part of a branch block is 
more than one statement, this form of the I F statement is a poor choice. 
There are tricky ways to put more than one statement after THEN; but 
the results are often hard to predict, and the IF statement becomes 
very hard to read. Finally, you may not find this kind of IF statement 
on another computer. 

Advice Do not use the one-line branch if the “do som.ething” has 
more than one statement or if you are likely to add statements in the 
future. 

Planning a Programming Project 
Spend the rest of your time in this session designing a program that 
uses a branch block with one empty branch. 
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The first problem Your problem is this: Write a program that asks 
the user to enter a sentence. The program should then print the number 

of words in the sentence on the screen. 

Tools needed Words are always separated by blank spaces; so 
your program will have to loop through the characters of the user’s 
input string and look for spaces. You will have to use the M I D$ function 
to make the computer look at one character at a time. You will need the 
L E N function to tell the computer when to stop looping. If your memory 
needs refreshing about these functions, reread Session 43 or look at the 
Applesoft manuals. 

The branch Your program has to count a word whenever it finds a 
space. That means you will need a branch inside your loop. The branch 
will tell the computer either to add 1 to a counter or else do nothing, 
depending on whether the computer has found a space. 

Second problem When that program looks right, add this new 
feature to it: As the computer finds each new word, have the computer 
print just that word on a line by itself. The words of the sentence should 
appear in a vertical column when the program ends. 

More tools You will need the M I D $ function again to extract 
words from the input string. Your program must have a way to make 
the computer remember where the previous space was so that the com¬ 
puter can tell what characters to get from the string. 

OBOB You will probably meet OBOB in this project: the off-by- 
one bug. Unless you are very careful, your count of words will be one 
less than is correct. OBOB is the most common bug in programming. 
This is a good time to think about how it happens. 

1. What does the term empty branch mean? 

2. Pick sentence 2 or 3 on page 323 and write it in the form of a 
complete BASIC branch with both a true part and a false part. 

3. What had to be done to the condition “it is raining” to make 
“take umbrella” become the false branch? 

4. Pick sentence 2 or 3 on page 323 and rewrite it in the form of 
the shortened branch outline. 

5. Why is the condition in the shortened branch outline called a 
skip condition? 

6. What does it mean to say that one comparison is the comple¬ 
ment of another comparison? 
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7. What is the complement of each comparison below? 

a. A$ <> B$ d. A > 5 
b. K <> 0 e. R = S 
c. P$ < Q$ f. Ml >= M2 

8. Pick sentence 1, 2, or 3 on page 323 and write it in the form of a 
one-line branch. 

9. What are one advantage and one disadvantage of using the 
one-line branch? 

Left: Once, we had only simple Instruments to help us predict the weather. 
Right: Now, computers can simulate weather conditions. 
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I Programming Project: 
^ Empty Branches 

IN • Enter the program planned in Session 59. 
THIS SESSION • Debug the program and save it on the diskette. 

YOU WILL: 

Empty-Branch Problem 
The program you designed should do two things. First, it should ask the 
user to enter a sentence. Then it should print the number of words in 

the sentence. 
Start the computer as usual with your diskette. Enter your 

program. Run it several times and check it with different sen¬ 
tences. What happens if the sentence has only one word? What 
happens if the sentence is an empty string? Watch out for OBOB! 

When this first version of your program is working correctly, 
make the additions given at the end of Session 59: Have the com¬ 
puter print the words of the sentence in a vertical column at the 
left. 

Enter the additions to your program and debug it. Save your 
program with the name WORDS before finishing this session. 
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Part 8 HEIIJEKI 
There were no new BASIC words introduced in this part. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN LOAD INPUT SPEED= GOSUB INT 
LIST SAME LET FLASH RETURN SQR 
NEW DELETE PRINT INUERSE END RND 
DEL CATALOG REM NORMAL GOTO LEN 
CONT LOCK PLOT C0L0R= IF MID$ 
BRUN UNLOCK HLIN TEXT FOR 
&:INDENT ULIN GR NEXT 
&:UNDENT 
a:RENUMBER 

HOME 

New Ideas 
branch block A program block that has 

the computer perform either one group 
of statements or another. 

complementary conditions Two condi¬ 
tions that together include all possibili¬ 
ties. Example: X > Y and X < = Y are 
complementary. 

computer simuiation A program that 
makes the computer behave like some 
real process. 

nested block A program block inside 
another program block, 

skip condition A condition in a branch 
block that, when true, tells the com¬ 
puter to skip the ‘‘do something” part of 
the block. 

structured programming A program 
method that uses only action, loop, and 
branch blocks. 
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Part 

Putting It All Together 

In the first eight parts, you have seen the main features of the BASIC 
language. You have discovered what the computer can do. You have 
learned to use subroutines to organize a program. You have studied the 
action block, the loop block, and the branch block. 

Other languages No matter what computer language you use, 
solving problems on the computer always means the same thing. You 
must begin with a clear, top-level description of the problem. As you fill 
in the details, you must decide whether an action, a loop, or a branch 
block is the right structure to use. Every programming language has 
the structures you need for the job. Grammar and spelling will be differ¬ 
ent in other computer languages, but the ideas you have learned will be 
the same. 

A big project You have learned these ideas one at a time by ex¬ 
ploring them in fairly small programs. It is time to pull together the 
main ideas of computer problem solving and put them to work on a 
large project. You have all the tools you need. Now you can apply what 
you know. 

Plan first People who work with computers have a saying: ‘The 
sooner you start writing program statements, the longer it will take 
you to finish the job.” Badly written programs, such as SPAGHETTI, 
happen when the writer dives into the problem and writes one state¬ 
ment after another. This trial-and-error approach often works with 
small problems, but it fails badly with big ones. There is no substitute 
for careful top-down planning before writing a single statement. The 
block structures you have learned—subroutines, actions, loops, and 
branches—will help you plan your program. 

The payoff Though planning takes time away from programming, 
there are big rewards. Usually, your program will be working correctly 
sooner when you plan than when you just start writing statements 
without a plan. More important, a well-planned, well-organized, and 
well-documented program is much easier to add to and improve. 
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^ Playing a Game 
IN • Play a word-guessing game. 

THIS SESSION • Write a top-level description of the gome. 
YOU WILL: 

Pulling Ideas Together 
There will be no new tools or ideas introduced in Part 9. Instead, you 
will follow easy steps to write a complex program. You will use the tools 
and methods you have learned to solve the problem. In this session, you 
will define and become familiar with a game that you will program into 
the computer. In later sessions, you will write, debug, and change the 

program. 

A Guessing Game 
It takes two to play the game, so find a partner and decide who will be 
partner A and who will be partner B. You will play a word game. 

Rules of the game First, what is the game? Here are the rules: 

1. Partner A thinks of a short secret word. 

2. Partner B tries to guess the secret word. 

3. Partner A says one of three things: 

a. “You got it. The game is over.” 

b. “My word is earlier in the dictionary. Try again.” 

c. “My word is later in the dictionary. Try again.” 

Play the game Take a few minutes to play the game. Switch roles 
so that each person gets a chance to pick a secret word. While playing 
the game, try to find a method for guessing the secret word as quickly 
as possible. 

Know the rules The rules of the game should be clear to you by 
now. It is always important to know precisely what the problem is be¬ 
fore you start to put a program into the computer. Often, programmers 
have trouble because they begin to write a program before they under¬ 
stand exactly what it is supposed to do. 

Describe the Game in Engiish 
Your goal is to teach the computer to play the game. The best way to 
start is to write a description of the game in English. This description 

Putting It All Together 



will bring you closer to knowing what the computer will have to be told. 
Here is how one person described the game: 

“Susan and Bill are playing. The game starts when Susan thinks of 
a secret word. After that, Bill tries again and again to guess the 
word. Each time, Susan tells Bill whether the secret word is earlier 
or later in the dictionary than the one Bill guessed. As soon as Bill 
guesses correctly, Susan says ‘You got it!' and the game is over.” 

Computer can’t do it That description seems accurate and simple. 
Most people would understand it easily, but your computer cannot. 
Your goal, therefore, is to rewrite the English-language description in 
the programming language BASIC, which your computer understands. 
You will move from the English-language description to the final 
BASIC program in easy steps. 

Converting to the Main Routine 
The wrong thing to do at this point is to begin writing down BASIC 
statements. The best way to reach your goal of a BASIC program is to 
think first about the structure of the game. Reread the English para¬ 
graph and look for the major topics. Create an outline, just as you do in 
English class. Here is how one person outlined the game: 

1. Susan thinks of a secret word. 

2. Bill guesses again and again, and Susan gives hints until he 
gets it right. 

3. Susan congratulates him. 

Main routine outline Much as you did in earlier programming proj¬ 
ects, the best thing to do now is to convert this description into the main 
routine of the program. Here is the first stage of the conversion, partly 
in BASIC and partly still in English: 

100 RE!1--PR0GRAM GUESSING GAME 
1 1 0 s s get secret word 
120s; guess words 
130;; wrap up game 
ld0 END 

Think at high level Note that the outline gives no details. How does 
the computer get the secret word? How does the user guess words? How 
does the computer wrap up the game? At this point, it makes no differ¬ 
ence how the computer does these things. In fact, these details are ex¬ 
actly the wrong thing to think about now. You will take care of details 
later, when you write subroutines that tell the computer what these 
top-level instructions mean. 
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Convert to GOSUBs The next stage of planning is to convert the 
main routine completely into BASIC statements. There are no simple 
BASIC statements that you can substitute for the English phrases. 
That means you should use a GOSUB for each one: 

100 REI1--PR0GRAM GUESSING GAME 
li0S!i GOSUB 200s REM--SECRET NORD 
120ss GOSUB 400s REM--GUESS NORDS 
130ss GOSUB G00S REM--NRAP UP 
140 END 

Plan the Subroutines 
Now that the main routine is finished, you can start thinking about the 
subroutines. Again, the trick is to avoid getting bogged down in details. 
Keep thinking at as high a level as possible. Think about what kinds of 
program structures you will need. 

Secret word You do not know very much about the first subrou¬ 
tine, SECRET WORD. You do know where the subroutine begins and 
what it is supposed to do. With this information, you can write a skele¬ 
ton of the subroutine. 

200 REM--SUB SECRET WORD 
210ss PRINT "SECRET WORD SUBROUTINE" 

_ get secret word 

380 RETURN 

You will remove the PRINT statement in line 210 later. You put it 
there now to get the computer to print a message whenever it performs 
the subroutine. This is an example of a debugging message. It will 
help check the program when you first enter and run it in Session 62. 

Guess words Here is a similar skeleton for the second subroutine, 
GUESS WORDS. 

400 REM--SUB GUESS WORDS 
410ss PRINT "GUESS WORDS SUBROUTINE" 

- keep guessing until right 

- give hints if guess is wrong 

580 RETURN 

The computer will print the debugging message in line 410 whenever 
it performs the GUESS WORDS subroutine. You will remove line 410 

later. The English phrases tell what you must translate into BASIC 
later. 
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Wrap up Finally, here is the skeleton outline of the WRAP UP 
subroutine, which also has a debugging message: 

G00 REM--SUB WRAP UP 
G10SS PRINT "WRAP UP SUBROUTINE" 

- give congratulations 

7Q0 RETURN 

Complete outline Now you can combine the main routine and the 
skeletons of the subroutines. Blank lines separate the main routine and 
subroutines. 

100 REM--PROGRAM GUESSING GAME 
110ss GOSUB 200s REM--SECRET WORD 
120ss GOSUB a00s REM--GUESS WORDS 
130ss GOSUB G00S REM--WRAP UP 
140 END 
190 s 
200 REM--SUB SECRET WORD 
210ss PRINT "SECRET WORD SUBROUTINE" 

_ get secret word 

380 RETURN 
390 s 
400 REM--SUB GUESS WORDS 
410ss PRINT "GUESS WORDS SUBROUTINE" 

_ keep guessing until right 

_ give hints if guess is wrong 

ii0 RETURN 
B90S 
G00 REM--SUB WRAP UP 
G10SS PRINT "WRAP UP SUBROUTINE" 

_ give congratulations 

780 RETURN 

A giant leap Even though you have not been thinking about the 
details of the program, you have made valuable gains. You now have a 
strong framework that will allow you to concentrate on one block of the 
program without worrying about the others. 

How to start any program 

The first step in planning a program is to work out the main block 
structure without worrying about details inside the blocks. 

61 • Playing a Game 337 



1. According to the rules, what happens if Bill guesses Susan’s 

secret word? 

2. If Bill fails to guess the secret word, how does it help for Susan 
to tell him that the word is either earlier or later in the diction¬ 

ary? 

3. What does line 110 of the main program correspond to in the 

English language outline on page 335? 

4. Which line of the main program corresponds to step 2 of the 
English-language outline on page 335? 

5. What does it mean to plan a solution to a problem at a “high 

level”? 

6. Why should you write the main routine before you write any 

other parts of a program? 

7. Why is it a good idea to avoid thinking about details in the 
early stages of planning a program? 
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Entering the 
Program 

IN • Enter the complete main routine. 
THIS SESSION • Enter skeleton subroutines. 

YOU WILL: • Verify that the computer performs the subroutines in the 
proper order. 

Writing a Compiex Program 
In Session 61, you played a game to guess a secret word. You also con¬ 
structed the framework of a program to tell the computer how to play 
the game. Most of the details in the program are still missing. However, 
you can now enter this framework into the computer and verify that the 
computer performs the steps in the proper order. 

The Main Routine 
Start the computer in the usual way with your diskette. 

100 
110 
120 
130 
140 

REM--PROGRAM 
: GQSUB 200: 
: GOSUB 400: 
: GOSUB B00: 
END 

GUESSING GAME 
REM--SECRET WORD 
REM--GUESS WORDS 
REM--WRAP UP 

Enter the main routine. 
LIST 

RUN 

Check for errors. 

Surprise? 

1. Why did you get the message you saw when you ran the main rou¬ 

tine? 

2. How is the main routine like a table of contents for the program? 
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Subroutine Skeletons 
Next you need the skeletons of the three subroutines. Enter lines 190 
through 780 of the framework shown here: 

100 REM--PROGRAM GUESSING GAME 
110ss GOSUB 200s REM--SECRET WORD 
120ss GOSUB 400s REM--GUESS WORDS 
130ss GOSUB B00S REM--WRAP UP 
140 END 
190: 
200 REM--SUB SECRET WORD 
210:: PRINT "SECRET WORD SUBROUTINE" 
380 RETURN 
390: 
400’rEM--SUB guess WORDS 
410:: PRINT "GUESS WORDS SUBROUTINE" 
580 RETURN 
590: 
b00’rem--sub wrap up 
610:: PRINT "WRAP UP SUBROUTINE" 
780 RETURN 

List the program and read it carefully. Fix any errors. 

3. Where in the program should you put the details that tell the com¬ 
puter to ask the user for guesses and to decide whether the user has 
guessed the correct word? 

4. What is the purpose of the subroutine beginning in line G0 0? 

Check the Program 
Now, let’s make sure that the program is working correctly. Run the 

program and make sure you get the following output: 

SECRET WORD SUBROUTINE 
GUESS WORDS SUBROUTINE 
WRAP UP SUBROUTINE 

This output confirms that the framework of your program is correct. 
Most of the details are still missing, but you will insert them in the next 
few sessions. 

Save the program under the name GUESSING GAME. 

5. What would the computer print if you removed line 130 and then 
ran the program? 

6. What would the computer print if you left out line 380? 
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Designing the 
Subroutines 

IN • Write the subroutines in a mixture of Engiish and BASIC. 
THIS SESSION • Convert the subroutines to BASIC statements, 

YOU WILL: 

Status of Program GUESSING GAME 
In Session 62, you entered the framework of program GUESSING GAME 

into the computer and saved it on your diskette. The main routine is 
complete and needs no more work. The subroutines, however, are skele¬ 
tons and have no details. In this session, you will begin writing the body 
of each of the subroutines in a mixture of English and BASIC, just as 
you did for the main routine. Then you will convert the bodies of the 
subroutines into BASIC statements. 

Subroutine SECRET WORD 
Remember that when you played the game with a partner, one person 
had to think of a secret word. The purpose of subroutine SECRET WORD 

is to get the secret word from one of the players. Also, you want the 
screen to be clear before the players begin the game. Finally, you want 
the program to be friendly to the players; so you want the computer to 
display a message that tells the players what to input. 

First try at subroutine With the information above, you can fill in 
the body of the subroutine with phrases that tell the computer what to 

do. Here is the revised subroutine. 

200 REM--SUB SECRET WORD 
2 1 0 s s clear the screen 
2 2 0 ; s ask for secret word 
2 3 0 s s input secret word 
380 RETURN 

Lines 200 and 380 are the same ones you entered in Session 62. Eng¬ 
lish phrases show the details that you have not yet worked out. 

Finish the subroutine The next step is to replace each English 
phrase with one or two BASIC statements to carry out the task de¬ 
scribed. (Remember that if the task is too complicated for one or two 
BASIC statements, you can insert a GO SUB statement to another sub¬ 
routine that will handle the details.) On the next page is the subroutine 
with BASIC statements replacing the English phrases. 
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200 REM--SUB SECRET WORD 
210SS HOME 
220ss PRINT "WHAT^S THE SECRET WORD”? 
230s s INPUT S$ 
380 RETURN 

Compare each new BASIC statement with the English phrase it re¬ 

placed. 

Subroutine GUESS WORDS 
The next subroutine handles the details of guessing. Recall how you 
played the game. Once your partner thought of a secret word, you 
guessed again and again, getting hints along the way, until you 
guessed the right word. What kind of program structure tells the com¬ 
puter to do something again and again until some condition becomes 
true? If you are thinking of a loop block, you are right. The exit condi¬ 
tion from the loop is that the guess matches the secret word. 

Filling in the details Here is a loop framework that uses English 
phrases for the body and also for the exit condition: 

400 REM--SUB GUESS WORDS 
410;s REM--L00P 
_s s ; ; print message to ask for guess 
_; s s s input guess 
_s ; s IF guess is correct THEN 500 
_; s s s give a hint 
490 s s s GOTO 410 
500 s s REM--END LOOP 
580 RETURN 

Complete the subroutine You can easily replace the first two 
phrases with BASIC statements. You need a condition in the I F state¬ 
ment to test whether the guess is correct. If the guess is incorrect, the 
computer must ‘'give a hint.” No single BASIC statement can give a 
hint, so you must use a GOSUB. Here is the refined version of the sub¬ 
routine: 

400 REM--SUB GUESS WORDS 
410SS REM--L00P 
420sss; PRINT "WHAT IS YOUR GUESS"? 
430 s s s s INPUT G$ 
440 s s s IF G$ = S$ THEN 500 
450SSSS GOSUB 800s REM--HINT 
490 s s s GOTO 410 
500 s s REM--END LOOP 
580 RETURN 

In the version of the program you entered in Session 62, there was no 
subroutine HINT. You discovered you needed the new subroutine when 
you were filling in the details in subroutine GUESS WORDS. (You may 
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find you need even more subroutines when you fill in the details of 
subroutine HINT.) Forget about HINT now. Putting off complicated 
details by using GOSUBs is the right way to write long programs. 

Subroutine WRAP UP 
The last subroutine in the main program is easy to write. You need only 
two PRINT statements. Here is the finished subroutine: 

G00 RE11--SUB NRAP UP 
G10SS PRINT "CONGRATULATIONG^ YOU GOT IT” 
G20;s PRINT "THE GECRET NORD WAS "5 S$ 
780 RETURN 

Subroutine HINT 
You have now completed the main routine and all the subroutines it 
uses. But the job is not over. Subroutine GUESS WORDS has a 
GOSUB 800 to a subroutine named HINT. HINT does not yet exist. 

What structure is needed? The job of HI NT is to tell the user that 
the secret word is either earlier or later in the dictionary. You need to 

use a branch block for such an either-or situation. 
First try at subroutine HINT The body of the subroutine is in lines 

810 through 870 below. The subroutine is in the form of the branch 

block that you learned about in Part 8. 

800 REM--SUB HINT 
8 1 0 s s IF secret earlier than guess THEN 850 
820 s s s REM--FALSE 
830s s s s give “later” hint 
8a0s s s s GOTO 870 
850sss REM~-TRUE 
8 G 0 s s s s give “earlier” hint 
870 s s REM--END IF 
880 RETURN 

Finish the subroutine If the secret word (8$) is earlier in the dic¬ 
tionary than the guess (G$), then the computer should print the mes¬ 
sage EARLIER THAN. Otherwise the computer should print the mes¬ 
sage LATER THAN. Here is the complete subroutine: 

800 REM--SUB HINT 
810 s s IF 8$ < G$ THEN 850 
820sss REM--FALSE 
830ssss PRINT "LATER THAN "? G$ 
8a0s s s s GOTO 870 
pc^0. o . REM--TRUE 
8G0SSSS PRINT "EARLIER THAN "5 G$ 
870 s s REM--END IF 
880 RETURN 

63 • Designing the Subroutines 343 



Complete Program 
All the necessary details are now in the subroutines. Here is the com¬ 
plete program: 

100 REM--PROGRAM GUESSING GAME 
110ss GOSUB 200s REM--SECRET WORD 
120ss GOSUB a00s REM--GUESS WORDS 
130ss GOSUB G00S REM--WRAP UP 
140 END 
190 s 
200 REM--SUB SECRET WORD 
210SS HOME 
220ss PRINT "WHAT^S THE SECRET WORD”? 
230 s s INPUT S$ 
380 RETURN 
390 s 
400 REM--SUB GUESS WORDS 
410SS REM--LOOP 
420SSSS PRINT "WHAT IS YOUR GUESS”? 
430 s s s s INPUT G$ 
440 s s s IF G$ = S$ THEN 500 
450SSSS GOSUB 800s REM--HINT 
490 s s s GOTO 410 
500 s s REM--END LOOP 
580 RETURN 
590 s 
800 REM--SUB WRAP UP 
G10SS PRINT "CONGRATULATIONS^ YOU GOT IT” 
G20SS PRINT "THE SECRET WORD WAS ”? S$ 
780 RETURN 
790 s 
800 REM--SUB HINT 
810 s s IF S$ < G$ THEN 850 
820sss REM--FALSE 
830ssss PRINT "LATER THAN "? G$ 
840 s s s s GOTO 870 
850 s s s REM--TRUE 
8G0SSSS PRINT "EARLIER THAN "? G$ 
870 s s REM--END IF 
980 RETURN 

QUESTJai^S 
. «« 1. What variable name stands for the secret word in the program 
^ GUESSING GAME? 

B 2. Why is there no need for GOSUBs in the body of subroutine 
SECRET WORD? 

3. Why is a loop needed in subroutine GUESS WORDS? 

344 Putting It All Together 



4. What variable name stands for the guess? 

5. Why is there a GOSUB statement in line 450? 

6. Why don’t you have to worry about the condition S$ = G$ in 

subroutine HINT? 

7. Why must the body of subroutine HINT be a branch block? 

8. What steps should you take to go from a skeleton subroutine to 

a finished subroutine? 

9. When you fill in details in a subroutine, what should you do if 
you run across a task you cannot describe in a few BASIC 

statements? 

Below: Glassware was the hallmark of the old labora¬ 
tory. Right: Today, the computer takes its place beside 
laboratory equipment. 
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Entering the 
Subroutines 

IN • Enter the new subroutines, 
THIS SESSION • Run and debug the program, 

YOU WILL: • Find weaknesses in the program. 

Filling in the Subroutines 
Enter the bodies of the subroutines you worked out in Session 63. Start 

the computer with your diskette as usual. 

LOAD GUESSING GAME 
LIST 

210:: HOME 
220:: PRINT "WHAT'S THE SECRET 
230:: INPUT S$ 

LIST 200# 380 

Check the program you saved in Session 
62. 

WORD "; 

Now enter the body of the subroutine 
SECRET WORD. 

List the subroutine. 

Check your listing carefully and fix any errors. Here is what the com¬ 
plete subroutine should look like: 

200 REM--SUD SECRET WORD 
210s; HOME 
220; s PRINT "WHAT^S THE SECRET WORD ■'5 
230;s INPUT S$ 
380 RETURN 

Debugging and 
refining are impor¬ 
tant stages in writ¬ 
ing a computer 
program. 
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Enter and check the rest of the subroutines. Your new pro¬ 
gram should look like this: 

100 
1 10 
120 
130 
140 
190 
200 
210 
220 
230 
380 
390 
400 
410 
420 
430 
440 
450 
490 
500 
580 
590 
800 
610 
620 
780 
790 
800 
610 
820 
830 
840 
850 
860 
870 
380 

REM--PROGRAM GUESSING GAME 
s GOSUB 200s REM-~SECRET WORD 
s GOSUB 400s REM--GUESS WORDS 
s GOSUB G00S REM--WRAP UP 
END 

REM--SUB SECRET WORD 
s HOME 
s PRINT "WHAT^S THE SECRET WORD"? 
s INPUT S$ 
RETURN 

REM--SUB GUESS WORDS 
REri--LOOP 
: PRINT “WHAT 16 YOUR GUESS”5 
: INPUT G$ 
IF G$ = 6$ THEN 500 

s GOSUB 800: REM--HINT 
GOTO 410 

REri--END LOOP 
RETURN 

REM--SUB WRAP UP 
: PRINT “CONGRATULATIONS» YOU GOT IT” 
: PRINT “THE SECRET WORD WAS “? S$ 
RETURN 

REri--SUB HINT 
IF S$ < G$ THEN 850 

REM--FALSE 
: PRINT “LATER THAN 
: GOTO 870 
REM--TRUE 

: PRINT “EARLIER THAN 
REM--END IF 

RETURN 

li G$ 

it G$ 

Take a few moments to check all your entries. Notice the blank 

lines between the parts of the program. 

1. Why are the PRINT statements that were in the original skeletons 

of the subroutines no longer useful? 

2. Suppose you decided to change the whole program into an infinite 
loop so that a new game started as soon as the old one was over. 

What part of the program would you have to change? 

3. Suppose you wanted to improve the hints given by the computer. 

What part of the program would you need to change? 
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RUN 
SAM 

Try out the Program 
Let’s try a secret word to see how the program works. 

BEE 
TRY 
HON 
SAM 

This is the secret word. 

Did you get the right hints? 

The program is working now! It gives good hints when the guess is not 
right, and it prints the congratulatory message when you guess the 
secret word. However, you can improve the program, as you will see in 
the next session. 

Save the program under the name GUESSING GAME before 
leaving the computer. 

4. If the secret word is COW and you guess CAT, what message would 
you see on the screen? 

5. If the secret word is DOG and you guess DOG, what message would 
you see on the screen? 

If you have extra lab time: EXPLORE 
■ Change the congratulatory message in subroutine WRAP UP to your 

own message. 

■ Change the prompt message in subroutine SECRET WORD to your 
own prompt. 
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Refining the Program ~ 

IN • identify areas in the program that need improvement. 
THIS SESSION • Revise the subroutines. 

YOU WILL: 

Program Improvements 
At the end of Session 64, you had a chance to think about some prob¬ 
lems with your game program. The program works, but it still needs 
some improvements. Here is a list of some remaining problems: 

1. After you type the secret word, it stays on the screen. The game 
is not a challenge if the second player can look on the screen and 

see the answer. 

2. If you typed ANT I D I SEST ABL I SHMENT AR I AN I SM as the 

secret word, it might take a while for the person playing 
against you to guess it. You should limit the length of the se¬ 

cret word. 

3. To make the game more challenging, you should limit the num¬ 

ber of guesses a player can have. 

Removing the Secret Word 
The first problem to solve is making the secret word disappear from the 

screen after you enter it. 
Main routine is a directory When you are deciding what part of a 

program to change, you can use the main routine as a directory. Here it 

is: 

100 REM--PROGRAM GUESSING GAME 
110;s GOSUB 200; REM--SECRET NORD 
120;; GOSUB 400; REM--GUESS NORDS 
130;; GOSUB B00; REM--NRAP UP 
140 END 

You can see that subroutines GUESS NORDS and NRAP UP have noth¬ 
ing to do with getting the secret word. But subroutine SECRET NORD 

does. Here is how it looks now: 

200 REM--SUB SECRET NORD 
210;; HOME 
220;; PRINT "NHAT^S THE SECRET NORD"? 
230;; INPUT S$ 
380 RETURN 

When the user responds to the INPUT statement, the secret word stays 
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on the screen. Getting rid of it is easy: Just put this line after the 
INPUT statement: 

2403s HOME 

As soon as one player enters the secret word and presses ( return ], the 
computer clears the screen. The other player must look away while the 
first player types in the word, but afterward, it is gone from the screen. 

Limiting the Length of the Secret Word 
The second problem you need to solve is limiting the length of the secret 
word. Once again, you need to change subroutine SECRET NORD. Here 
is how it now looks: 

200 REM--SUB SECRET NORD 
210s; HOME 
220; s PRINT “NHAT^S THE SECRET NORD"? 
230 s ; INPUT S$ 
240; s HOME 
380 RETURN 

What is needed Let’s change the subroutine so that if the first 
player enters a secret word longer than three characters, the computer 
will reject the word and ask the player to type a word of the right 
length. If the secret word is three or fewer characters, the game should 
go on. 

Choosing a biock Once again, the main question you need to ask 
is: “What kind of block do I need to use? Is it an action, a loop, or a 
branch?” The clue lies in the fact that if you keep entering words longer 
than three characters, the computer should keep asking for another 
word. As soon as you type one of the proper length, the computer should 
stop asking. You need a loop block. 

Add ioop to subroutine The loop should begin after the first HOME 
statement and end before the second. Here is a first try at the loop 
structure: 

200 REM--SUB SECRET NORD 
210;; HOME 
215:: REM--LOOP 
220;;;; PRINT "NHAT^S THE SECRET NORD"? 
230 s s s s INPUT S$ 
234::: GOTO 215 
235:: REM--END LOOP 
240 s s HOME 
380 RETURN 

Note that the lines inside the loop are indented farther to the right. 
Add exit condition The problem now is that there is no way out of 

the loop: It is an infinite loop. You need an I F statement that tests some 
exit condition and tells the computer to stop looping if the condition is 
true. The condition is met if the secret word has three or fewer charac- 
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ters. You learned about the LEN function in Session 42. LEN (S$) 

returns the length of the string S$. Here are the changes you need: 

200 REM--SUB SECRET WORD 
210SS HOME 
215:; s REM- -LOOP 
220ssss PRINT "WHAT^S THE SECRET WORD"? 
230s s s s INPUT S$ 
231::s IF LEN (S$) <= 3 THEN 235 
232:::: PRINT "TOO LONG" 
23as s s GOTO 215 
235s s REM--END LOOP 
2a0ss HOME 
380 RETURN 

Now, if the secret word has three characters or fewer, the computer 
leaves the loop. If not, the computer goes on to line 232, which says to 
tell the first player that the secret word is too long. Then the computer 
returns to the beginning of the loop. 

A change of structure When you first planned subroutine SECRET 
WORD, it contained only an action block. With the improvement you 
just made, the subroutine is now a loop with action blocks inside. Pro¬ 
grammers often make similar changes in block structure when they 
refine programs. 

Limiting the Number of Guesses 
Now you can start thinking about how to limit the number of guesses. 
First, which program block should you change? It certainly is not the 
SECRET WORD subroutine nor is it the WRAP UP subroutine. The 
GUESS WORDS subroutine needs changing. Here is that subroutine as 
it now stands: 

400 REM--SUB GUESS WORDS 
410;s REM--LOOP 
a20sss5 PRINT "WHAT IS YOUR GUESS"? 
4302 s s s INPUT G$ 
440 2 2 2 IF G$ = S$ THEN 500 
4502222 GOSUB 8002 REM--HINT 
480 2 2 2 GOTO 410 
500 2 2 REM--END LOOP 
580 RETURN 

Compound exit condition At present, the computer stops looping 
only when the guess is correct. You want the loop to stop when the 
guess is correct or when the player uses up the allowed number of 
guesses, so you need a compound condition in the IF statement. Let’s 
use the variable C to count the number of guesses and limit the guesses 
to ten. Here is what the new I F statement should look like: 

440222 IF G$ = 8$ OR C = 10 THEN 500 
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Counting loop needed The subroutine says to end the loop if C 
equals 1 0. But how does the computer know where to start counting? 
And how does it keep track of the number of guesses? You need two new 
statements. First, you must set the value of C to 0 outside the loop. 

Second, you must have the computer add 1 to C each time the player 
guesses. Here is the subroutine with the new I F statement and the 
statements that define and keep track of C. 

400 REM--SUB GUESS NORDS 
405:: LET C = 0 
410s; REM--LOOP 
420;;;; PRINT "WHAT IS YOUR GUESS"? 
430; s s ; INPUT G$ 
435:::: LET C = C + 1 
440::: IF G$ = S$ OR C = 10 THEN 500 
450;ss; GOSUB 800; REM--HINT 
490 s s ; GOTO 410 
500; s REM--END LOOP 
580 RETURN 

A New Problem 
You have made all the improvements suggested at the beginning of this 
session. However, you have a new problem. Suppose the user does not 
guess the secret word before using up all ten tries. The computer leaves 
the loop, returns to the main routine, and then goes to subroutine 
WRAP UP, which gives an encouraging message. The player who does 
not guess the word in ten tries is congratulated! You need to change 
subroutine WRAP UP too. Here is that subroutine as presently written: 

G00 REM--SUB WRAP UP 
B10;; PRINT "CONGRATULAT IONSt YOU GOT IT" 
G20;; PRINT "THE SECRET WORD WAS "? S$ 
780 RETURN 

What kind of block Right now, the body of the subroutine is an 
action block. What kind of block is needed to print either a winning 
message or a losing message? The branch block will do the job. Here is 
the WRAP UP subroutine with the needed changes: 

G00 
601 
602 
603 
604 
605 
G10 
615 
G20 

REM--SUB WRAP UP 
IF G$ = 6$ THEN 605 
REri--FALSE 

: PRINT "YOU LOSE" 
: GOTO 615 
REI1--TRUE 

; PRINT "CONGRATULATIONS . 
REM--END IF 
PRINT "THE SECRET WORD WAS 

YOU GOT IT 

S$ 
780 RETURN 
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The indents have changed because of the branch block. Notice that the 
branch block tells the computer to print CONGRATULATIONS* YOU 

GOT IT ifG$ = S$, that is, if the guess is correct. If G$ < > S$, the 
computer prints the message YOU LOSE. Either way, the computer 
prints the secret word on the screen. 

Final Thoughts 
You have finished planning and refining the GUESSING GAME pro¬ 
gram. The final version is in Session 66, where you will enter it into the 
computer and experiment with it. Although you received step-by-step 
instructions for the GUESSING GAME program, you learned the basic 
rules for writing programs on your own. If you follow the steps outlined 
below faithfully, you will soon be writing complicated programs with¬ 
out help. 

How to develop a program 

1. Always start with a simple, top-level, main routine. Use Eng¬ 
lish phrases to describe the tasks. Avoid thinking about details 
at this time. 

2. Translate each English phrase in the main routine into one or 
two BASIC statements. If more are needed, use a GO SUB state¬ 
ment to a subroutine where you will spell out the details later. 

3. Write skeleton versions of the subroutines. Include debugging 
messages. Run the program and check that the parts of the 
program are performed in the right order. 

4. Fill in the details of the subroutines. If a task looks too compli¬ 
cated, use a GOSUB statement to a new subroutine that gives 
the details. 

5. Within each routine, use only action, loop, and branch blocks. 
Do not use GOTO or IF statements in any other way. 

6. Debug the program and add refinements where needed. 

Good programs don’t just happen. They require careful planning 
and faithful attention to block structures. These ideas are important in 
any language, not just BASIC. At first, it may take you longer to write 
short programs using block structures, but learning to use them is well 
worth it. You will save time and avoid trouble later on. 
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1. 

DUESTJDfiiB 
You changed a subroutine to clear the secret word from the 
screen. What helped you decide which subroutine to change? 

2. Why can you be reasonably sure that the change you made to 
clear the secret word from the screen will not affect other parts 
of the program? 

3. Before you added the counter variable C to the GUESS WORDS 

loop, how many guesses would the program permit? 

4. Suppose you ran the program in its final form (see page 351) 
and pressed the ( return 1 key when asked to enter the secret 
word. What would the computer do? 

5. In the final version of the program, what will happen if you 
guess the correct secret word on the tenth try? 

6. What part of the program would you change to have the com¬ 
puter tell the winner how many guesses were used? 

7. Suppose the rules of the game were changed so that you could 
win only if you guessed the secret word correctly on the tenth 
guess. What changes would you have to make in the program? 

8. How would you change the program to have the computer give 
instructions if a user asked for them? 
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Final 
Changes 

IN • Make further refinements to program GUESSING GAME and 
THIS SESSION debug it. 

YOU WILL: • Play the game, 
• Save the program. 

Making Further Changes 
First, change the program to include the refinements you made in the 
subroutines during the last session. The indents and renumbering soft¬ 
ware tools will help you make those changes. Start the computer with 
your diskette as usual. 

BRUN WRITING TOOLS 

LOAD GUESSING GAME 

LIST 100# 339 

This makes &:INDENT, &:UNDENT, and 
cvRENUNBER available. 
Load the program you saved in Session 64. 

This is the main routine and first subrou¬ 

tine. 

Make the changes in subroutine SECRET WORD. The new version 
is shown on the next page, with the changes printed in color. Be 
sure to use & INDENT and 8cUNDENT to fix the indents. Run the 

It is very satisfying 
to see a weli-writ- 
ten program run 
correctly. 
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program and make sure that subroutine SECRET NORD works 
correctly. Try entering a long word. 

100 
1 10; 
120; 
130; 
140 
190; 
200 
210; 
215: 
220 ; 
230 
231 
232 
234 
235 
240 
380 
390 

REM--PROGRAM GUESSING GAME 
; GOSUB 200; REM--SECRET NORD 
; GOSUB 400; REM--GUESS NORDS 
; GOSUB B00; REM--NRAP UP 
END 

REM--SUB SECRET NORD 
; HOME 
; REM--LOOP 
;;; PRINT "NHAT'S THE SECRET NORD 
; ; ; INPUT S$ 

IF LEN (S$) <= 3 THEN 235 
: PRINT ”TOO LONG" 

GOTO 215 
: REM~-END LOOP 
: HOME 
RETURN 

400 REM--SUB GUESS NORDS 
405:: LET C = 0 
410;; REM--L00P 
420;;;; PRINT "NHAT IS YOUR GUESS”? 
430;;;; INPUT G$ 
435:::: LET C = C + 1 
440::: IF G$ = S$ OR C = 10 THEN 500 
450;;;; GOSUB 800; REM--HINT 
490;;; GOTO 410 
500;; REM--END LOOP 
580 RETURN 
590; 

9 

B00 REM--SUB WRAP UP 
B01;s IF G* = S$ THEN BOS 
B02::; REM--FALSE 
B03:::: PRINT “YOU LOSE" 
B04;;;; GOTO BIS 
B0S::; REM--TRUE 
610:;:; PRINT "CONGRATULATIONS» 
BIS;: REM--END IF 
620:: PRINT "THE SECRET WORD WAS 
780 RETURN 
790 : 

YOU GOT IT 

S$ 

800 REM--SUB HINT 
810:: IF S$ < G$ THEN 850 
820::: REM--FALSE 
830:::: PRINT "LATER THAN "! G$ 
840 : : : : GOTO 870 
850::: REM--TRUE 
860:::: PRINT "EARLIER THAN "! S$ 
870:: REM--END IF 
980 RETURN 
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Now make the changes in subroutine GUESS NORDS. Be sure 
to indent it properly. Run the program and test whether it stops 
after ten guesses. 

Now make the changes shown for subroutine WRAP UP. Run 
the program and see whether it gives the correct winning and 
losing messages. 

Your program should work perfectly. As a final improvement, how¬ 
ever, you might want to renumber the lines of each subroutine you 
changed. Renumbering will make room for any future changes you 

might want to make. Here are the steps: 

LIST 200# 399 

gcRENUNBER 200# 399 
LIST 200# 399 

LIST 400# 599 
ficRENUMBER 400# 599 
LIST 400# 599 

LIST 600 # 799 
&:RENUMBER 600# 799 
LIST 600# 799 

Check subroutine SECRET WORD. 

That should renumber SECRET WORD. 

That should renumber GUESS WORDS. 

And that renumbers WRAP UP. 

Final Program Testing 
Play the game several times and check that the final version of 
the program works well. 

When you have practiced using the program, save it on your 
diskette so you can show your handiwork off to others. 
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Computers and Work 
IN • Learn that most jobs today involve working with information, 

THIS SESSION • Learn how the computer is affecting jobs in the factory, 
YOU WILL: office, and home, 

• Learn that computers create important new social problems, 
• Learn about careers and job prospects in computing. 

A Century of Working 
In the last hundred years, we have seen three rapid, dramatic changes 
in the type of work that most people do. The computer plays a big role in 
the change happening today. 

100 years ago Your great-great-great-grandparents probably 
lived on a farm. A century ago, more than half of all American workers 
were still farmers, but big changes were under way. Farm machinery 
was making it possible for fewer and fewer people to grow more and 
more food. The factories that made farm machinery and other products 
needed workers. So there was a vast movement of people from the farms 
to the factory towns. 

50 years ago Your grandparents probably grew up and worked at 
jobs in a city. Fifty years ago the majority of work was in manufactur¬ 
ing trades: welding, sewing garments, operating looms, building 
houses, and working on an assembly line. Only two people out of every 

ten were farmers then. People in cities had money to spend and needed 
new services: grocery stores, laundries, department stores, entertain¬ 
ment, and education. Jobs in service industries grew rapidly. 

Today Even fewer people work on farms today; less than one job in 
30 is a farm job now. The number of manufacturing jobs is also shrink¬ 
ing: There are more jobs in service industries today than in manufac¬ 
turing. The biggest new growth today is in the number of information 
workers—people whose main work is handling and processing informa¬ 
tion: secretaries, bank clerks, office managers, accountants, lawyers, 
and teachers. Fifty years ago, only two people in ten were information 
workers. Today, half the workers in the United States are information 
workers, and the trend is continuing. 

Computers and Jobs 
Farm machines made farm work easier and more efficient. Factory 
machines made factory work easier and more efficient. It should not 
come as a surprise that information machines—computers—are mak- 
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ing information work easier and more efficient. But computers are also 
changing farm work and factory work. 

The modern farmer To be a successful farmer, you need more than 
land, good weather, and machinery. You also need information. You 
need to know what risks you run by planting too early or too late, how 
much to spend on fertilizer, when to apply it, whether to use pesticides, 
and so on. To get help with decisions such as these, many farmers are 
buying small computers. They run simulation programs and study the 
effect of a decision before they make it. 

Factory robots Many jobs on a factory assembly line, such as in¬ 
serting bolt number 37 into hole number 23 and tightening it, are re¬ 
petitive and boring. These mechanical jobs can often be done better and 
more cheaply by robots. Factory robots are different from the robots 
you see walking around in movies. A factory robot is a device, such as a 
mechanical hand or arm, that performs various motions. A computer is 
programmed to send output signals that tell the robot what to do. Some 
robots also send back information about what the robot is touching to 
the computer. Robots are very attractive to factory owners because they 
never get bored or sloppy, they work 24 hours a day in unheated rooms 
with no lights, and they never stay home sick. 

The modern office The people who work in an office do little or no 
physical labor. They do not grow food or build things. Instead, they 
work almost entirely with information: letters, memos, reports, bud¬ 
gets, and expenses. Computers are now essential tools for handling of¬ 
fice information. Letters are typed on a word-processing system, a 
computer used mainly for writing, editing, and typing letters and pa- 

Computer-con- 
trolled robots can 
do much of the 
work of building a 
car. 
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Computer-based 
word-processing 
systems are re¬ 
placing type¬ 
writers in the mod¬ 
ern office. 

pers. Memos are entered directly into a 
computer message system. The person 
getting the memo can read it immediately 
on the computer screen in her or his office. 
Computer software helps people plan bud¬ 
gets, estimate expenses, and study reports. 

The computer on the desk More and 
more workers have computers at their fin¬ 
gertips. The bank teller checks your bank 
account on a computer screen. The travel 
agent uses a computer system to reserve 
tickets on an airline or rooms at a hotel. 
The checkout clerk at the supermarket 
uses a cash register connected to a com¬ 
puter. Real estate agents use an on-line 
data base to help clients find the house 
they want. Newspaper reporters search 
data bases for news information and then 
write their stories on a computer system. 
Mail-order and telephone-order clerks 

enter each order into a computer system. 

Computer jobs at home Why do office workers have to go to the 
office? Until now, the main reason has been that the information they 
needed was at the office. Networks of computers now make it possible to 
do most office work wherever there is a computer and a telephone. For 
this reason, many people today can work at home; they use computers 
to get and send information. Handicapped people, parents of young chil¬ 
dren, and other homebound people now are able to enter the work force. 

Problems for Society 
Computers are changing our work habits in both good and bad ways. 
Computers create opportunities, but they also pose problems that must 
be solved. 

Boring work Not all computer applications lead to exciting jobs. 
Data entry is an example. Thousands of people spend all day reading 
numbers from sheets of paper and entering them into a computer. This 
work is often necessary, but it does not make people happy. 

Loss of jobs We should be happy that a robot can keep a human 
being from having to do dull, repetitive work on an assembly line. But 
what happens to the person who used to do that dull job? Does another 
job automatically appear? If not, what should such a person do? Most 
studies show that new technologies create about the same number of 
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jobs that they replace. Farm machines replaced farmers but created 
new jobs in farm-machinery factories. Computers replace some workers 

but create new jobs for programmers. Unfortunately, the person who 
loses a job to a computer system is not usually the same person who gets 
a job as a programmer. 

Need for education Experts predict that the demand for people 
with computer skills will remain far ahead of the supply for many years 
to come. Schools and colleges, therefore, are under strong pressure to 
teach more computer courses to more students. We also need to retrain 
people who lose their jobs to computer systems. Yet our educational 
system is short of funds and teachers able to handle the new computer 
courses. 

Unequal opportunity Computers do not affect everyone in the 
same way. Not everyone has the same chance to benefit from the com¬ 
puter revolution. A child in a neighborhood where parents are unem¬ 
ployed or work in manual jobs has a much lower chance of learning 
about computers than a child in a neighborhood where parents work in 
information jobs. The first child is likely to grow up with only manual 
skills at a time when there are fewer and fewer manual jobs. The second 
child is likely to be ready for the new information jobs. This inequality 
is a problem for the whole society. 

Computer Careers 
As we said, demand for people with computer skills is far ahead of the 
supply. Now is a good time to think about a career in computing. In this 
section, we look at careers that involve close work with computers and 
at the education needed for each career. 

Office information systems As offices and small businesses make 
greater use of computers for word processing, messages, and data proc¬ 
essing, they usually need someone to manage the entire information 
system. Such a person needs to understand the work of the office or the 
business as well as the role of the computer. A general knowledge of 
word processing and computer accounting is important. 

Application programming People who write special-purpose pro¬ 
grams for other people are called application programmers. They 
usually know two or three computer languages, such as BASIC, 
COBOL, Pascal, or FORTRAN. A college degree in computer science or 
a business degree with four or five computer courses is good preparation 
for this work. You will need a good math background for either degree. 

System programming As you know, BASIC on your computer is 
itself a set of computer programs: the LIST program, the RUN program, 
and so forth. These are called system programs, and people who write 
them are called system programmers. They also design data bases 
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and the programs that use data bases. System programmers need to 
know the same things that application programmers know. In addition, 
they need a stronger computer-science background, including knowl¬ 
edge of machine languages and computer design. 

Computer engineering The people who design and build computer 
hardware are called computer engineers. They usually prepare for 
this work by studying electrical engineering and computer science in a 
five-year college program. 

Your Future 
You now have a solid understanding of what a computer can do. You 
also know how to tell a computer to do some of the things you want it to 
do. In other words, you are computer literate. If you enjoyed this experi¬ 
ence, you are probably wondering what to do next. There are more 
things to do and learn. You are ready for additional books and courses. 
But you are also ready to explore on your own. If you have access to a 
computer, begin to explore it. Experiment. Try your own ideas. As we 
said on page 1, the purpose of literacy is to set you free to do things on 
your own. Do them! 

OLIESTJOI^S 
1. What was the main type of job in the United States a century 

ago? Fifty years ago? Today? 

2. What kinds of machines were important a century ago? Fifty 
years ago? Today? 

3. How do farmers use computers? 

4. How are computers used in factories? 

5. What is a word-processing system? 

6. What is a computer message system? 

7. How does a computer make it possible for an office worker to 
work at home? 

8. Are all computer jobs interesting and exciting? Explain your 
answer. 

9. Do computers take away jobs from people? Explain your an¬ 
swer? 

10. Why is it a problem if too many people in a society have only 
manual skills? 

11. What is the difference between an application programmer 
and a system programmer? 
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Part 9 HEDJEI^ 

There were no new BASIC words introduced in this part. 

BASIC Vocabulary (Shaded Areas Show Standard BASIC Words) 

Commands Statements Functions 

Program Diskette Action Action Control 

RUN LOAD INPUT SPEED= GOSUB INT 
LIST SAME LET FLASH RETURN SOR 
NEW DELETE PRINT INUERSE END RND 
DEL CATALOG REM NORMAL GOTO LEN 
CONT LOCK PLOT COLOR= IF MID$ 
BRUN UNLOCK HLIN TEXT FOR 
&:INDENT ULIN GR NEXT 
&:UNDENT 
&:RENUMBER 

HOME 

New Ideas 
application programmer A person who 

writes special-purpose programs for 
other people, usually in a language 
such as BASIC, COBOL, or FORTRAN, 

computer engineer A person who de¬ 
signs and builds computer hardware, 

message system A computer network 
system for exchanging messages be¬ 
tween users in different places, 

robot A device, such as a mechanical 

hand or arm, controlled by computer, 
system programmer A person who 

writes programs, usually in machine 
languages, that allow the computer to 
process BASIC programs, handle large 
data bases, and edit text, 

word-processing system A computer 

system used mainly for writing, edit¬ 
ing, and typing letters and papers. 
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ndex 
Abbreviated loop 280, 289-296 
Accuracy of arithmetic 235, 285 
Action statements 108, 133, 213, 252-253, 

261, 305 
AND 250, 256 
Applesoft 13, 175, 178, 297 
Arithmetic 

Accuracy 235, 285 
And logic unit (ALU) 75, 192-197, 196- 

198, 253 
Computing average 274-276 
In LET statement 187, 196-197 
Logical 253, 285 
Operators 187, 189, 190, 274 
Order of 235-237 
Scratchpad (ALU) 192-198, 253 

Arrow, flowgraph 279, 307-308 
Arrow, jump 226, 278, 307 
Arrow keys 18-19 
Art and entertainment 98-101 
Artificial intelligence 287-288 
Assignment 178, 243-244 
Awareness topics 

Art and entertainment 98-101 
Artificial intelligence 287-288 
Careers and jobs 358-362 
Chip 47, 79 
Dangers in computer use 287 
Data bases 205-208, 285 
Dedicated computers 3 
Electronic banking 207 
Electronic mail 206 
General-purpose computers 4 
Graphics 88 
Hardware 43, 55, 75-79, 88 
History 76-79 
How parts work 42-49, 55-61 
Impact on society 360-361 
Information as property 34, 208 
Input, output, processing 14 
Lack of judgment 133, 286 
Languages 12-13, 78 
Limits of computers 285-288 
Literacy 1, 362 
Knowledge in computers 54, 286-288 

Awareness topics (cont.) 
Price trend 79 
Privacy of data 207-208 
Problems for society 360-361 
Program control 3 
Protecting information 34, 207-208 
Robots 100, 359 
Simulation 315 
Software 42, 54, 78 
Speed of computers 285 
Wide use of computers 2 

Babbage, Charles 76 
BASIC 

Applesoft 13, 175, 178, 297 
Commands. See commands. 
Keywords 177-178 
Language 12-13, 78 
Standard 13, 297 
Statements. See statements. 

Binary code 56, 264 
Blank lines 27, 119, 146 
Blocks. See control blocks. 
Body 

Of loop 296, 317 
Of main routine 118 
Of subroutine 119 

Branch block 305-331 
Condition 307 
Empty branch 323-330 
Flowgraph 307-308 
Need for 306, 310, 343, 352 
Outline 306, 343 
Real-life examples 308-310, 324-325 
Skip condition 325 

BRUN 264, 268, 355-357 
Bugs 134-153, 296-297, 328 
Built-in programs. See system programs. 

Careers in computing 358-362 
CATALOG 10, 12 
Catenation of strings 190, 273 
Chalkboard as memory unit 47 
Chip 47, 79 
Coding data 208 
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COLOR= 84-85,92 
Color table 92 
Comma 

In PRINT statement 186, 190 
In INPUT statement 188, 194 
In INPUT reply 188 

Commands 
Definition 9, 25 
Diskette 

BRUN 264, 268, 355-357 
CATALOG 10, 12 
DELETE 30, 33 
LOAD 9, 12, 31, 33 
LOCK 33-34 
PR#G 7 
SAME 29, 31, 33 
UNLOCK 33-34 

Other 
CONT 217, 219 
DEL 63, 67 
&: IN D EN T 264-265, 268, 355-357 
LIST 17,23,54-59,62,67 
NEW 9, 12, 33, 52, 60-61, 178 

RENUMBER 265-266, 269, 355-357 
RUN 9, 12, 67-72, 132 
&:UNDENT 264-265, 268, 355-357 
Used in programs 52 

Comparison operators 253-255 
Complementary operators 326 
Computer literacy 1 
Condition, logical 

Compound 256, 351 
Need for 252 
Simple 253 

Conditional jump 252 
Conditional loop. See loop. 
Constants 171, 173, 177 
CONT 217, 219 
Control blocks 

Branch 305-310 
Conditional loop 269-282 
Empty branch 323-330 
Flowgraphs 279, 307-308 
FOR/NEXT abbreviation 289-299 
Infinite loop 216-217, 225-226, 269 
Nesting 318-322 
Subroutine 110-112, 119 

Control statements 133, 213, 252-253, 261, 
278 

Control structures. See control blocks. 
Control unit (CU) 56, 75 
Coordinates, graphic 89-91 
Counting loop 219—225, 280—284, 289-299 
Crank as control unit 56-57 
CTRL-C 65, 67, 219 
CTRL-S 65, 67, 219 
Current line 55 
Cursor 7, 13 

Dangers in computer use 287 
Data 

Bases 204-208, 285 
Constants 171, 177 
Definition 163 
Files 204 
Paths in computer 75 
Privacy and security 207-208 
Types 174, 177 
Variables 171, 177 

Debugging 217, 219, 276, 336 
Decision box in flowgraph 279, 307-308 
Dedicated computers 3 
Deferred mode. See program mode. 
DEL 63, 67 
DELETE 30, 33 
Diskette commands. See commands. 
Documentation 226 

E-notation 233-234 
Editing 25-27, 48-49, 62-63, 67 
Electronic banking 207 
Electronic mail 206 
Empty branch 323-330 
Empty string 177 
Encryption of data 208 
END 110, 131, 134, 140-142 
ENIAC 76 
Error messages 

FILE LOCKED 51 
FILE NOT FOUND 11 
I/O ERROR 11 
7ILLEGAL QUANTITY 168 
Improper input reply 188-189 
TOUT OF MEMORY 139, 151-152 
70UERFL0W 234 
7RETURN WITHOUT GOSUB 134-135, 

143-144 
7STRING TOO LONG 235 
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Error messages (cont.) 
7SYNTAX ERROR 8 
?TYPE MISMATCH 175,177,255 
?UNDEF^D STATEMENT 219 

Exit condition in loop 270, 278-279, 296- 
298, 351 

Exit value of loop variable 290-298 
Expression 190-191, 235-237, 243, 295 

File 11, 204 
Flag variable 273-275 
FLASH 74 
Flowgraph 

Branch block 307-308 
Counting loop 281 
Loop 278-279 
Symbols 279 

FOR/NEXT loop 289-301 
Functions 238-246 

As processes 243-244 
Form of 242 
Need for 242 
Numeric 

I NT 239,245 
LEN 238, 245, 328 
RND 240, 245 
SOR 240, 245 

Parameter (argument) 242 
Result (value) 243 
String 

MID$ 238,245,328 
Type 243 

General-purpose computers 4 
GOSUB 110-111,115-117,127-128,136-152 
GOTO 214-227, 270, 278, 307 
GR 84-86, 91-92 
Graphics 83-105 

Artistic use 99-100 
Color table 92 
Coordinates 89-91 
Definition 83 
Dimensions 89-90 
Drawing lines 86-87 
Drawing points 84-85 
Hardware and software 88 
Mode 91-92 
Resolution 99 
Screen size 91 

Graphics (cont.) 
Statements. See statements. 
Video games 99 

Hardware 
Central processing unit (CPU) 75-76 
Chip 47, 79 
Control unit (CU) 56, 75 
Graphics 88 
History 76-79 
Input unit 43 
Main parts 75-78 
Memory unit 46, 55 
Output unit 45-46 
Price trend 79 

HELLO program 51-52, 96-97 
History of computers 76-79 
HLIN 87,93 
HOME 8, 19, 24 

IF 247-256,270,278-279,307,327 
Immediate mode 25, 217, 219 
&: I N D E N T 264-265, 268, 355-357 
Indenting 119, 146, 226, 268 
Information 

As property 34, 208 
Machine 204-208, 285 
Protecting 34, 207 

Initialization of loop 296 
INPUT 186-195 
Input 

Hardware 43, 75-78, 88 
Process of 14-15 
Slot 44 

I NT 239,245 
I/O 11 
INUERSE 74 

Jobs in computing 358-362 
Jump arrow 226, 278, 307 
Jump, conditional 252 

Keyboard input 15 
Keys 

Arrow keys 18-19 
CTRL-C 65, 67, 219 
CTRL-S 65, 67, 219 
RESET 31 
RETURN 8, 13 

Keywords in BASIC 177-178 
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Languages 12-13, 56, 78 
LEN 238, 245, 328 
Levels of detail 157-159, 335, 341 
LET 173-182, 196-197 
LET N = N + 1 216, 219-223, 274 
Line-number editing 25-27, 48-49 
Line numbers 24 
Line pointer 55, 127, 129, 132 
LIST 17,23,54-59,62,67 
LIST program 58-59, 272 
Listing, program 20, 24 
LOAD 9, 12, 31, 33 
LOCK 33-34 
Logical 

Arithmetic 253, 285 
Conditions 252-256 
Operators (AND and OR) 256, 351 

Loop, infinite 226, 269 
Loop, conditional 269-282 

Abbreviated form 280 
Exit condition 270, 296-298, 342, 351 
Flowgraph 279 
FOR/NEXT abbreviation 289-299 
Need for 261, 271, 342, 350, 352 
Outline 270, 342 
Real-life examples 271, 310 

Machine language 56, 244, 264, 268 
Main routine 110, 112, 273, 335 
Memory 

Chalkboard 47 
Chip 47, 79 
Hardware 46, 75-78 
Line pointer 55, 127, 129, 132 
Programs in 58-59, 67-72 
Random-access (RAM) 55, 268 
Read-only (ROM) 55 
Variables in 179-184, 243-244 

MID$ 238,245,328 
Mode 

Graphics 91-92 
Immediate 25, 217, 219 
Program 25 
Text 74, 123 

Model computer 
Arithmetic and logic scratchpad 192- 

197 
Control crank 56-57 
GOTO 223-224 

Model computer (cont.) 
Input slot 44 
LET 179-184, 219-223 
Line pointer 55, 127, 129, 132 
LIST program 58-59 
Memory chalkboard 55 
NEW program 60-61 
Output scroll 46 
Reason for using 41, 125 
Return address stack 125 
RUN program 67-72, 131-132 
Subroutines 125-131 
Subroutine bugs 140-152 
Variables 179-184, 191-197, 221-223 

Modem 205 
Music by computer 100-101 

Names for data 
Errors 175-176 
Need for 170-172 

Nested 
Blocks 318-322 
Subroutines 138-139, 146-151 

Networks 205-208 
NEW 9, 12, 33, 52, 178 
NEW program 60-61 
NEXT 289-301 
NORMAL 74 
Numbers 

Accuracy 235, 285 
Arithmetic operators 190, 235-237 
Comparison operators 254-255 
Constants 173, 177 
E-notation 233-234 
Functions 238-239, 245 
Largest 234 
Random 245—246 
Smallest 234 
Variables 173, 177 

On-line data 204 
Operators 

Comparison 253-255 
Logical 256 
Numeric 186, 189, 190, 235-237 
String catenation 190, 273 

Opposite of comparisons 326 
OR 250, 256, 351 
Order of arithmetic 235-237 
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Outline 
Abbreviated loop 280 
Branch block 306 
Conditional loop 270 
Counting loop 280, 295 
Empty branch 325 
Flowgraphs 279, 307-308 
F 0 R / N E X T abbreviation 295 
Infinite loop 226, 269 
LITTLE TROT 154-156 
Main routine 118, 335 
Program 118-119, 122, 337 
Subroutine 119, 337, 341-344 

Output 
Character screen 

Modes 74, 123 
Size of 168 
Speed 63-64, 67, 123 
Stopping 65 

Display modes 74, 91-92, 123 
Graphics screen 

Colors 92 
Size of 91 
Use of 76 

Hardware 45, 75-78, 88 
Process of 14 
Scroll 46 

Parameter (argument) of function 242 
Parentheses in expressions 236-237 
Passwords 208 
Planning. See Top-down design. 
PLOT 84-85, 92 
PR#B 7 
Price trend 79 
PRINT 19 

With commas and semicolons 186 
With TAB 164-171 
With variables 173-174, 179-183 

Print column 190 
Print line 168 
Privacy of data 207-208 
Processing 14, 198 
Program 

Editing 25-27 
HELLO 51, 96-97 
Lines 24 
Mode 25 
Need for 3 

Program (cont.) 
Outline 118-119 
Restarting 217, 219 
Refinement 349-357 
Stopping 65, 67 
Top-down design 119-121, 157-159, 273, 

282, 298-301, 314, 320, 333-357 
Programming projects 

Branch blocks 314 
Conditional loops 273-276 
Counting loops 282-284 
Empty branches 328-330 
FOR/NEXT loops 298-301 
Graphics 94, 102, 282-284, 298-301 
Nested blocks 320-322 
PRINT statements 35-37 
Subroutines 119-124, 273-276, 282-284, 

298-301, 314 
Variables 200-203 

Prompt character 7 
Protecting information 34, 207-208 

Random-access memory (RAM) 55, 268 
Random numbers 245-246 
Range of loop variable 294, 298 
Range of numbers and strings 234-235 
Read-only memory (ROM) 55, 244 
Relational operators 253-255 
REM 24, 226, 270, 307 
&:RENUMBER 265-266, 269, 355-357 
RESET key 31 
Result (value) of function 243 
Return address stack 125 
RETURN key 8, 13 
RETURN statement 110, 129-130, 135-136, 

143-146 
RND 240, 245 
Robots 100, 359 
Routines 

Main 110, 112, 118, 273 
Subroutine 110-112, 119, 273 

Rules 

Calculating FOR/NEXT range 298 
Developing a large program 353 
Performing branch block 307 
Performing END 131 
Performing GOSUB 127 
Performing GOTO 223 
Performing IF 253 
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Rules (cont.) 
Performing LET 180 
Performing loop block 270 
Performing RETURN 129 
Starting a new program 337 
Top-down design 117-119, 157-159 
Using expressions 191 
Using variables 191 
Variable names 175, 177 
Writing functions 242 
Writing subroutines 119 

RUN 9, 12 
RUN program 67-72, 131—132 

SAUE 29, 31, 33 
Scratchpad as ALU 192—197 
Screen. See Output. 
Scroll as output unit 46 
Semicolon in PRINT 186, 190 
Simulation by computer 315 
Skip condition 325 
Social impact. See awareness topics. 
Software 42, 54, 78 
Software tools 107, 112, 264—269, 328 
Spaghetti programming 156, 159 
SPEED= 64,67 
SQR 240, 245 
Stack, return address 125 
Starting the computer 6-7 
Statements 

Action vs. control 108, 133, 252—253, 261, 

278, 305 
Control 133, 213, 252-253, 278 

END 110, 131, 134, 140-142 
FOR/NEXT 294-301 
GOSUB 110-111, 115-117, 127-128, 

136-152 
GOTO 214-227, 270, 278, 307 
IF 247-256,270,278-279,307,327 
RETURN 110, 129-130, 135-136, 143- 

146 
Definition 25 
Graphics action 

C0L0R= 84-85,92 
GR 84-86, 91-92 
HLIN 87,93 
PLOT 84-85, 92 
TEXT 86, 91-92, 96 
ULIN 87,93 

Statements (cont.) 
Other action 

FLASH 74 
HOME 8, 19, 24 
INPUT 186-195 
INUERSE 74 
LET 173-182, 196-197, 219-223 
NORMAL 74 
PRINT 19 

With commas and semicolons 186 
With TAB 164-171 
With variables 173-174, 179-183 

REM 24, 226, 270, 307 
SPEED= 64,67 

Used in immediate mode 25 
Used in program mode 25 

STEP phrase in FOR 291—292 
String 

Catenation 190, 273 
Comparison operators 255 
Constants 174, 177 
Empty 177 
Function 238, 245 
Maximum length 235 
Variables 174, 177 

Structure of program. See outline. 
Structured programming 305, 333-357, 350, 

352-353 
Subroutine 

Bugs 134-153 
Examples 110-111, 114-116, 273 
How they work 125-131 
Levels of detail 157-159 
Nested 138-139, 146-151 
Outline 119, 337, 341-344 
Purpose 112, 117, 157—159, 335 

7SYNTAX ERROR 8 
System programs 

LIST 54-59,272 
NEW 60-61 
RUN 67-72, 131-132 

Target of jump 226, 307 
TEXT 86, 91-92, 96 
Text screen 

Modes 74, 91-92, 123 
Size of 168 
Speed of output 63-64, 67, 123 
Stopping output 65 
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Tools, software 107, 264-269, 328 
Top-down design 117—119, 157-159, 202, 

273, 282, 298-301, 314, 320, 333- 

357 
Type of data 174, 177, 243 
Typing errors 18-19 

&:UNDENT 264-265, 268, 355-357 
UNLOCK 33-34 
User traps 

Commands 33 
Definition 26 
Editing 26 
SAOE and LOAD 31 

Value-in Value-out tables 244-245 

Value of 
Expression 235-237, 295 
Function 243 
Variable 178 
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