


THIS BOOK IS THE PROPERTY OF:

e = A Buided Tovr

PARISH in spaces
SCHOOL DISTRICT to the left as
OTHER instructed
— | e of Bompuien
ISSUED TO Used ISSUED RETURNED

Progrsmming
~~~~~~ in BASIC

Thomas A. Dwyer

et o 5 s ] et il Michael S. Kaufman

or mark any part of it in any way, P
yhe siviee Tdisnss
1. Teachers ihould sea: thet the: pupll's name. la: cleardy: written in ink 1o the: spaces Gbove in Robert B. Davis, Editorial Adviser
every book issved.
2. The following terms shouid be used in recording the condition of the book: New; Good; Fair;
Poor) Bod.

HOUGHTON MIFFLIN COMPANY / BOSTON

ATLANTA DALLAS GENEVA, ILL. HOPEWELL, NJ. PALO ALTO



-

ABOUT THE AUTHORS

Thomas A. Dwyer is Associate Professor of Computer Science at the University
of Pittsburgh, Pittsburgh, Pennsylvania. Dr. Dwyer has taught at the high school
level as well as in college, and is currently Director of Project SOLO, an ex-
periment in computing for secondary school systems.

Michael S. Kaufman is currently an undergraduate at Harvard University H‘e
worked in Project SOLO at the University of Pittsburgh and at Pittsburgh's
Taylor Allderdice High School.

EDITORIAL ADVISER

Robert B. Davis, currently on leave from Syracuse Universi[y,l has assumed the
positions of Director of the Curriculum Laboratory. Associate Director for
Education of the Computer-Based Education Research Laboratory (PLATO
Project), and Professor of Elementary Education, at the University of Illinois in
Urbana-Champaign.

Hlustrations by Mark Kelley

CREDITS . )
Page 3 Digital Equipment Corporation (left) Data General Corporation (right)

Page 5 Hewlett Packard )
Page 6 Digital Equipment Corporation
Page 78 Teletype Corporation

Copyright 1 1973 by Houghton Mifflin Company

All rights reserved. No part of this work may be reproduced or
transmitted in any form or by any means. clectronic or m:ghunlcnl.
including photocopying and recording, or I:!y any .II'IfOI'mull()ﬂ stor-
age or retrieval system without permission in writing from the pub-

lisher
Printed in the United States of America
Library of Congress Catalog Card Number: 72-4392

ISBN: 0-395-14716-6

Contents

Part1 GETTING READY FOR THE JOURNEY

1-1  Here’s the Plan, |

-2 How to Recognize a Computer, 2

1-3  Getting Ready to Communicate with a
MINICOMPUTER, 6

1-4  Getting Ready to Communicate with a
TIME-SHARING COMPUTER, 7

1-5 The BASIC Language, 10

1-6  Putting It All Together, 12

17 You're On!, 13

1-8  Example of a Perfect Session, 14

1-9  Example of a Normal Session (the Kind with Plenty of
Typing Mistakes), 16

1-10 More Programs for You to Try, 17

Part2 THE ECONOMY TOUR

2-1  The Basic Vocabulary of BASIC, 18

2-2  BASIC Statements Using the Key Words
and [END], 19

2-3  Statements Using the Key Word [LET), 29

2-4  The Statement, 37

2-5 The Statement, 46

2-6  Statements Using [IF . THENJ; [STOP], 52

2-7

Statements Using the Key Words and [NEXT]:
[STEPI. 63

2-8  Storing Programs on Paper Tape, 78

Part3 TECHNIQUES FOR THE SEASONED TRAVELER
3-1  BASIC Bulldozers, 83

3-2  Subscripted Variables: and [REM]. 84
3-3  Two-dimensional Arrays, 93
3-4  Using in PRINT Statements, 97

3-5 and [DATA] Statements; [RESTORE], 100

3-6 Some “Library” Functions in BASIC:

[SQR]. INT]. [ABS). [RND). 109

3-7 [GOTO...OF_Jor 120
3-8 [GOSUB| and ‘ 123

18

83



Part4 FAR AWAY PLACES

1 Data Analysis, 127

2 Nonnumeric Applications. 132
4-3  Games and Simulations, 136
4-4 Business Applications, 141
4-5  Batch-Mode Computing, 148

H

o

Selected Answers and Hints for Exercises

Index
Summary of BASIC

126

149
154
156

Getting
Resdy for
the Jovragy

1-1 Here’s the Plan

Our tour of computer programming in BASIC is about to begin.
Here's a quick idea of where we are headed. how we'll get there. and
some of the more interesting things we’'ll meet along the way.

This book is divided into four parts:

PART 1 will tell you a little about computers and what to
expect of them. It will also show you how to get the com-
puter ready to “talk’ to you (this is sometimes called
logging in).

PARTS 2 AND 3 form the main part of the tour. They show
you how to write computer programs. A program is a list of
instructions that makes the computer work for you, follow-
ing your wishes with great precision and speed.

PART 4 is where the fun begins. It introduces you to pro-
fessional computer applications, including such things as
an airline reservation system, automated game playing, and
a program that “‘writes'’ payroll records.

As you go through the book, you'll find that you are frequently
asked. to stop reading, go to your computer, and try out the ideas you
have just read about. Working directly with a machine in this way is
call'ed QN-LINE computing. The nice thing about ON-LINE com-
puting is that it gives you an opportunity to experiment. Even if you
make. mistakes, the computer will just sit there. humming away, an
obedient robot that doesn’t know whether you are a beginning ;tu—
dent or the world’s greatest scientist.



The first of these is called a MINICOMPUTER system. As you

| can see from the name, the computing part of such a system is small
l in size — about as big as the average television set. Although there
|

You'll recognize ON-LINE sections by seeing ON-LINE
printed in the margin as shown here. The reason actual
computing is called “‘on-line" is that there is a direct con-
nection between you and the computer made over a tele-
phone /ine, or over similar wires. You'll see exactly how this

in this book.

is done in Sections 1-3 and 1-4.

is some limit on the size of the problems that a *“MINI"" can handle,
it is able to do very sophisticated things — including all the programs

ON-LINE

Work which is done without a direct connection to a computer is
called OFF-LINE. Examples of off-line work are reading the book,
doing exercises which simulate (imitate) the action of a computer,
drawing flow charts (explained on pages 47 and 54), and punching
programs on paper tape (explained on pages 78-82). The best way
to learn computer programming is to continually mix off-line prepara-

tion with on-line computing.

Two Minicomputers

As the drawing at the left suggests, there are
at least two parts to a minicomputer *“‘system"
(that’s what “system” means — something with
several parts). There is the box labeled MINI-
COMPUTER and there is also an object called
a TERMINAL. The terminal looks something
like a typewriter. It is the means by which you
‘avr:;dh :;ihcgg:;e):l.ter will “talk™ or communicate

The large arrows in the picture s ¢
you corpmum'cate with the cgmpulerstl:;) ‘:,y;::':g!
Instructions on the terminal keyboard, while the
computer communicates back by prin‘u'ng infor
mexmn_o.n the paper in the terminal. )

minicomputer is usuall e i i
room with the person whoyis,oucs:‘litr:?;l il(‘lg::‘én_th_e
uxmilly controlled with terminals, Wl;y did"wls
2;¥1tr;lslzzl:7y ? Becguse Some minicomputers ar:
e ; y dropping a deck of specially marked

Into a hopper on the machine. If you are

OFF-LINE

When you are ON-LINE, you will be communicating with the
computer in a “conversational” way, using a special language called
BASIC. We’ll have a lot to say about BASIC in this book, but let’s
first find out something about computers.

1-2 How to Recognize a Computer

The full name for the kind of computer we will study is “general
purpose digital computer.” From now on we’ll simply refer to such

machines as “‘computers,” which is what everybody does anyway. how s i
The important thing for us now is learning how to use a computer. ook ma:ks::t‘ehm~ e s L =
Computers come in many sizes and shapes, but there are two ot A : Cdrd.s. ok i e
et ection 4-5 in this book, which talks
atch system™ €omputers that yse card

general types you are likely to encounter.
input,



The second type of computer that you may use is the large machine
that requires a room all to itself, and which may be many miles away
Such machines can also be controlled with terminals, but the ter-
minals are hardly ever in the same room as the computer. This is
no problem, since two-way communication with a computer can take
place over telephone lines. The setup looks something like this:

Using this arrangement, many people can simultaneously com-
municate with a large, expensive computer. The process that makes
this possible is called time sharing.

How does time sharing work? Because of the tremendous speed
with which it carries out its operations, the computer can give each
person all the computing time he needs in a fraction of each minute
that he is connected to the computer. The rest of that minute can go
to the other users (by ‘‘user’” we mean anyone working at an on-line
terminal). The situation is something like that of a grocery clerk
taking telephone orders from several customers at the same time. If
the clerk could switch back and forth from one telephone to another
fast enough, each customer would think he was getting the clerk’s
full attention. The computer is that fast; you think it’s talking only
to you!

The picture at the top of page 5 shows the arrangement used by
some time-sharing systems. The box labeled “multiplexor” is a

device that squeezes several computer conversations into one
““leased” telephone line used exclusively for computing. Users need
only dial a local number that connects them to the multiplexor.

A Large T/me»Shanng Computer

To ma i B i
ke things clearer, let's continue this discussion by con-

sideri

readngﬁl ;h:.h;w:e ;:/igc:ls tzf tcomputer systems separately. You need
thy al corresponds to

i your type

(1-3 for minicomputers, 1-4 for time-sharing cc»mp)l’.l‘t)er:)f SRR



1-4 Getting Ready to Communicate with a
TIME-SHARING COMPUTER

i 2 instructions for the m
i ant to glance enviously at the in |
Ll Wd: Thgey had a rather simple explanation of how to get

S . rs will have more things to

1. Make sure (by asking someone) that the MINICOMPUTER is the (_:omputer ready. Time :gzﬂgg;::h easier to do than to read

turned on and ready to accept instructions written in BASIC. consider, although the proc should follow will depend on the par-

(It may be necessary to ‘‘load” something called the BASIC ahu. ’_I‘he i stcpst youthat you are using, and the best way to

compiler into the computer. This will have to be done by ticular time-sharing system how you. The instructions that follow
someone familiar with your machine. That word “‘compiler” learn is to have someone show you.

1-3 Getting Ready to Communicate with a
MINICOMPUTER

There are three things you should do:

ini-

computer user

' ! hould help in a general way, however.
bttty ’ Tl;le first thing you have to do is call up your computer. Telephones
2. Check to see if the TERMINAL is switched on (if not, turn the are used with terminals in two ways. Check to see which type you
knob to LINE). have, and then read the correct column.
EPARATE FROM
™ ILT-IN TELEPHONE B. TELEPHONE S
A BUIRT TERMINAL

the button marked ORIG. )
FUSERRENS 1. Turn the knob on the terminal to LINE.

2. There should be a small box called an
ACOUSTIC COUPLER near the telephone.
Switch it ON.

3. Dial the telephone number of the com-
puter. The computer should answer with
a high-pitched whistle.

4. Place the telephone receiver into the
coupler as shown in the diagram.

2. Dial the telephone number of the com-
puter. The computer should answer with a
high-pitched whistle.

3. Probably, you should push the FDX button
on the right side of the terminal. (There are
Some systems where you shouldn’t push

; ; ; this button — ask to b
Minicomputer with Terminal and Other Equipment O be sure.)
4. Now LOG IN as described below.

5. Now LOG IN as described below.

3. Type the letters SCR on the terminal (this is short for SCRatch;
it erases anything that still might be left from the last person using it, and i
who used the computer) and then push the key marked & 1L, and it has to know whe You are in order to

RETURN (short for carriage return). Wf;;,lle';::hg?v
an exa

System. After readi
the particular syste

LOGGING IN is the pr s dentii
puter. This ju iexossary Pbocess of identifyin

mplct of logging in on on
ng this, you should write
m you are using, since jt

€ particular lime-sharing
down the pProcedure for
may be a little different.

You're now ready to type in a program. Skip to Section 1-5.



Since anyone can see the password once it's typed, your teacher
“control’ letters in the password you

So that you can follow our discussion of logging in, we've insert secret
included a picture of a terminal keyboard. It would be a good mey t;gry::a::p‘;be;: may be told that the password is BUP'D.
idea for you to locate the various keys as you read the rest of ;fe alled "conm’)l P.” You type it by first pressing the key marked
this part of the book. You will notice that the letters always | CTII;E and then (while still holding the CTRL key down) press_ing P.
print as capitals. You use the SHIFT key only when you want ‘ The c(;mputer will “know” you did this, but nothing will print on

to type one of the symbols at the top of a key. For example, if the page for unauthorized persons to see.

you press@the 2 will print. If you hold down the SHIFT

|
key while pressing the same key, the ' will print. ’,__,‘_.
OTES FOR USERS OF OTHER TIME-SHARING SYSTEMS

N
@ @ @ @ @ @ @ @ @ @ O O NOTE 1-In our example of logging in, the user was the first

one to type. On some time-sharing systems, the computer

@ @ @ types a short message (like the date) as soon as you connect
the telephone. Then it's your turn.

NOTE 2 In our example, the computer was ready to accept

@ @ @ @ @ @ @ @ programs written in BASIC right after log-in. On systems

that offer other languages in addition to BASIC, you may

have to type the word BASIC during some part of the log-in
O @ @ @ @ @ @ Q Q O procedure to tell it which language you are going to use.

NOTE 3: Some time-sharing systems ask you the question

NEW OR OLD? right after log-in. This means that the com-

C SPACE BAR ) puter wants to know whether you are going to work on an

old program that is stored in its memory or write a new one.
Your teacher will tell you how to handle this.

The method of LOGGING IN that we’ll show you is that of Time
Share Corporation in Hanover. New Hampshire 03755, which offers
a time-sharing service. Since this service uses only the BASIC
language. the LOG-IN is especially easy. You simply type in
HELLO- followed by your identification number, a comma, and
your password, as shown in the first line below. Notice that no FINAL CHECKLIST FOR TIME-SHARING USERS
spaces are typed in this line. Now press the carriage RETURN key.
If you have done all this correctly, the computer will respond by

1. Do you have the telephone number

typing a reply like the next two lines shown. On some Time Share |
Corporation connections, another line giving the time is included. FL fo[louricomiprutreir?
The user typed this line. H260 HELLO-H260s BUL ® (® means press T ——— —L 00
is his identification number, the RETURN key. !2' Do dV°h'-‘ have the identification number \
and BUD is his password. [ and the password you are to use?
[3. Do you have a sairfwr e of 2 g—
[ b ple of an actual log-in |
s
The computer typed this re- «A. HELLO FROM TSC | Session:on your system? |
sponse. It is now ready to — l . -
accept instructions written REALY g
in BASIC. e e
: : Get the missi NO e ;
\ We've used a box with a curved line at the informat ':‘5'"9 ) ~the answers to ~_YES
bottom to indicate paper taken right off the pLrennation:s | ~.al %?ueﬁtions S
terminal. This is a standard symbol and will - 'YES"? _ ar?c\i”lird '
be used in the rest of the book. LW pward!
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@ STEP 1
(GETTING THE
COMPUTER
READY)

@ STEP 2
(ENTERING YOUR
BASIC PROGRAM)

@ STEP 3
(RUNNING YOUR
PROGRAM)

® STEP 4
(LEAVING THE
COMPUTER)

1-6 Putting It All Together

Here's a summary of how the things discussed so far go together
during an ON-LINE session. There are really four major steps in
any ON-LINE session.

It you have a (Mim | If you are Time sharing ‘
minicomputer. follow OR | using time sharing, fol-
the instructions in low the instructions in
Section 1-3 Section 1-4

!
\ /

Next you type your program (in-
structions) in at the terminal. ; (" This is also

using the language BASIC. The called
computer won't carry out these I= I CREATING

instructions at this time; it just a program
stores them in its memory
J
Now you tell the computer to carry [ This is also
out your instructions by typing called
RUN It will then follow your in- " EXECUTING
structions and print any results a program

/
\
[\

Type SCR (short Mini Type BYE Time sharing
for scratch) to 1 (short for good-bye). On
“erase’’ your program OR some systems you may
from the computer's have to type LOGOUT
memory (ask to be sure)

4

|
"Turn off the equipment If no
one else is going to use it

1

ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE

ON-LINE

1-7 You're On!

The time has come for you to try out these ideas at a real computer
terminal, even though you have not yet learned to write your own
programs in BASIC. Follow the directions below. You can’t hurt
anything: so don't be afraid to make mistakes. (The examples in
Sections 1-8 and 1-9 illustrate some of the things that may happen.)

Step 1 Get the computer ready by following the directions in
Section 1-3 if you have a mini or Section 1-4 if you use
time sharing.

Step 2 Type in your BASIC program. Use the example from
Section 1-5 (remember Xenon?).

If you are in the middle of a line and make a typing error,
press the RETURN key. The computer will then print
??? or a message saying it found an error. Press the
RETURN key again and type the entire line over again

; S i
NOTE: Some computer systems have additional
features for correcting errors, such as use of the
ESCape key, or certain special characters like «—,
You'll have to find out what these are on your
system from your teacher or the instruction manual
that came with your system.

Here’s what you type:

LET X=9

LET Y=12

PRINT "PROBLEM|"
PRINT X+Y

PRINT "PROBLFM o'
PPINT X*Y

END

® means press
the RETURN key.

NOWMDb WN -
O00000®

In case you have made

a few mi :
to be sure that you have istakes and would like

corrected everything, just type
LIST @®

The computer will

: type back
that it has stored in i o gl ¥ha &

A
ts memory. SIC statements

Even though you ma
hav
after statement 7, theyc ¢

In order. To check thi

putin a “‘revised" sta

temen
orpputer will put Statement 3 baf:i
S, Just type LIST again
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ON-LINE ON-LINE ON-LINE ON-LINE

ON-LINE

Step 3 Now you're ready to see the computer execute (carry out)
your instructions. Simply type:

RN ®
You can type RUN as often as you like. If you get tired of
seeing the same answers, you can change some of the
statements in your program. For example, you might
type:

This changes statements
1 LET X=99 ® 7
2 LET Y=49 ®:] «l 1 and 2 only; statements

RUN 3,4,5,6,and 7 are still in
the computer.

What do you think will happen?

NOTE. If you wish to delete (get rid of) some state-

ments, just type the line numbers followed by a |
] carriage RETURN.
[

EXAMPLE: If you type
3 ®
4 ®

statements 3 and 4 will be erased from your program
(forever).

Step 4 Leave the computer. If you are the last to use it for the
time being, follow Step 4 of Section 1-6.

1-8 Example of a Perfect Session

Let’s first show what happens when someone follows the preceding
directions without making a single mistake (which just about never
happens!).

NOTE The rest of the examples in this book are shown as
run on a terminal connected to the computer of Time Share
Corporation, Hanover, New Hampshire 03755.

The details of logging in and out, the wording of error
messages (shown in the next section), and the manner of
correcting typing errors may differ slightly on other systems.
However, all the BASIC programs in this book will run on
other systems.

Here's our perfect session (notice that this student has made state-
ments 3 and 5 a little “fancier’”). From now on we won’t show press-
ing the RETURN key; this must be done after every line typed by

the user.

HFLLO-(User's identification number and password)

*A« HELLO FROM TSC
READY

LET X=9

LET v=12

PRINT "FROBLEM 1 (SUM)"
PRINT Xx+Y

PRINT X*xY
END

QAL WD~

E

PROBLEM 1 CSUM)
21

PROELEM 2 (PRODU
108 -

END
1 LET X=99
2 LET Y=49
RUN

PROBLEM 1 ¢SumM)
148

PRDE..FM 2 CPRO

" ags bucT

IND
EYE

02 MINUTES OF TERMInaL TIME.

PRINT "PROBELEM 2 C(PRODUCT)"

]

Log in

Program creation

¢—~1 Program modification

Execution of the
modified program




1-9 Example of a Normal Session (the Kind with One last suggestion — it will be a good idea

i to save your first successful program as a guide
Plenty . Typmg MiStakeS) for your next ON-LINE session.

HELL O-(User's identification number and password)

«As HELLO FROM TSC {Student forgot second ".
READY The computer typed ERROR. On the Time Sha.l;e Czr-
i i t his
poration system, if a student does not see wha _
1 LET X=9 error was, he types ? and presses RETURN. The com- 1-10 More Programs for You to Try
2 LET Y=12 . puter then responds with an explanation as shown.

RINT "PROBLEFM 1 . _ . o
35;:0“? NO CLOSING QUOTE The rest of this book will be devoted to the *“‘art of programming’’ in
3 PRINT "PROBLEM 1" «—— {Student types in statement 3 correctly. ] the BASIC language. However. you may want to run another pro-
4 PRINT X+Y - gram or two just for the fun of it before reading on. Here are two
S PRINT "PROBLEM 2 . This time the student sees his error; so he just presses short programs you can try. We won't explain them here at all. and
ERROR RETURN and retypes statement 5. we won't tell you what happens when they execute. You'll find out
S PRINT “PROBLEM 2" - aft
6 PINT X*Y = The student misspelled PRINT. The after you type RUN.

ERROR? MISSING ASSIGNMENT OPERATOR explanation is no help to a beginner; so Pro I P —— -
6 PRINT X#Y he just checks the spelling. gram 1 i ml’? "(T:l“;(l) Sals A COMPUTER
7 ENL .
—————————— g 30 PRINT "NOTHING CAN GO'*
LIsT —— {Lets see what we havaj 5 Ton epoTHr
SO PRINT *WRONG"
60 NFXT J
1 LET X=9 70 NEXT kK
2 LET Y=12 - 5o fiEx
3 PRINT "PROELEM 1" kf~—[AII the errors have vamshed!_l .
4 PRINT X+Y
S PRINT "PROELEM 2"
6 PRINT X*Y
7 END ‘ Preram 2 LET Y=19 70
- LFT P=200

PRINT *YEAR", *
END n s "MILLI "
RUN %Let‘s try it. PRINT Y»p ONS OF PFOPLE

LET Y=Y+5

LET P=1.2xp
R IF ¥Y>2070 THEN 90

21
T END
108

gg ———— %Time to go home.

Remember — .
002 MINUTES OF TERMINAL TIME. €r — you're

I'€ not expected to unders
grams work (you will at the end of Part 2 oefr:::':?d i

oW these pro-
book). Theypare
ur’computer System and
- You'll also find that the

&reat deal better When

16



2-1 The Basic Vocabulary of BASIC

Now that you know how to manage an OI‘Q‘LINE ses‘sion with your
favorite computer, we ¢an turn our attention to s!loyVIng you how to
write your own programs in BASIC. We'll do this in Part 2 by con-
centrating on a dozen key words in the BASIC Ia_nguag_e. The
amazing thing is that you will get along' very well with this small
vocabulary and be able to write interesting programs for the com-
puter. (In case you're wondering, Part 3 of the book will extend your

[First statement } '
vocabulary to include about as many more key words.) il o

The
Economy ,

Each section in Part 2 will show you how to use a few key
TO“'Z words to make BASIC statements. And once you ha\(e
learned how to put a couple of statements together, you 1}
have a program. It's as simple as that — key words are used
to make statements, and statements are used to make
programs. |

'Second statement } -

| Commana |-

The key words that we'll study in Part 2 of this book are:

PRINT
END

LET

INPUT

GOTO

IF... THEN
STOP

... (STEP)
NEXT

In addition to these key words, we'll also use the three commands
that you have already met:
LIST

RUN
SCR

These are skeleton
BASIC statements.

(SCR is short for SCRATCH)

18

What's the difference between a key word and a command? A key
word is never used alone. It's always part of a BASIC statement
that has some other parts to it. (We'll soon learn what these other
parts are.) Commands, on the other hand, are used by themselves.

For example, here’s a silly little BASIC program with two state-
ments followed by a command:

— J;.Other parts of the statement

READY =
- e - o
T10 PRINT '"SUPFRSTAR"| =
20 ND_ " j—| Pragram |
N \ Ee——m———
FON " Key words |
SUPERSTARe— ,,[' Outpuﬁj

Statements are instructions to the computer. The computer stores
these instructions in its “*memory,” but it doesn’t execure them (carry
them out) until you say so. You do this by typing the command
RUN. Then the computer executes all of your instructions. Any
results that it prints out after you tell it to RUN are called OUTPUT.

NOTE: The word READY at the top of the program shown
above is printed by most computers after you have logged in

correctly. It means that the computer is ready to accept a
| BASIC program.

‘ Most computers also print a message after you
| gram to indicate that the OUTPUT is complete (END, DONE,

| RAN, and so on). The Time Share Corporation system types
| END (not shown in the print-out above).

run a pro-

2-2 BASIC Statements Using the Key Words

and END

Let’s look at the outline of

a BA 2 af usas
words: PRINT and END. SIC program that uses only two key

FRINT
PRINT

This is going to
be our program.

PRINT e¢eosa,
END

The dots mean that

ts something is missin,
these positions before

g and must be ins :
we have real BAS] Mmserted b

C statements.

19
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To illustrate what the missing parts of a PRINT statement may
be. let’s look at an example of a program with three PRINT state.
ments and one END statement:

REALDY

10 PRINT 'CEMONSTRATION'
20 PRINT "2+2 15"

30 PRINT 2+2

40 END

RUN

DEMON STRATION
e+2 IS

| o e

The first thing you should notice is that every BASIC statement
starts with a line number. This can be any whole number from 1 to
9999 (do nor use commas in writing large numbers for a computer).
The line numbers serve as a guide to the computer in RUNning the
program, telling it in what order it should carry out your instructions.

Next comes a key word. Suppose that the key word is PRINT.
What comes next?

One kind of thing that can follow PRINT is shown in statement
10 in our example: ’
Sy,

One of the things you
can put after PRINT

10 PRINT "DEMONSTRATION® is any messsge Yo
N want, provided you
[Line number | LKey word | put it between quota-
. tion marks.

When you say RUN, the computer will obediently print back
whatever was typed between the quotation marks: however there
is one thing you can’t have inside the quotation marks — you can’t
have another quotation mark. If you say, for example.

10 PRINT “THAT'S A "HOT" ISSUE”

to a computer, it will not print what you want. It may not accept
the statement at all and simply print ERROR.

To get around READY
this  limitation,
you can use 10 PRINT °*THAT'S A °'HOT"' ISSUE"
single quotation 20 END
marks as shown RUN
at the right.

THAT'S A 'HOT' ISSUE

What else can we put after PRINT? Take a look at line 30 of
our example. In this statement we didn’t use quotes:

30 PRINT 2+2

When we RUN the program, the computer will print 4 for line 30.
In other words, if you don’t use quotation marks, the computer will
calculare what's there, and then print the answer.

MORAL: If you don’t use quotation marks, you had better |
have a number or a numerical expression that can be calcu- ‘

lated using arithmetic. (Later on you'll learn to use vari-
ables.)

By now you have prob.
use for doing arithmetic:

ably noticed the symbols that computers

+ means add
— means subtract
* means multiply (don't
y i C use x)
means divide (you're not allowed to use

These symbols are
also called o .
used by computers: perators. There is one other operator



RFADY

10 PRINT 3t 4
20 FND
RUN

81

REALY
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10 PRINT
20 PRINT
30 PRINT
40 PRINT
50 PRINT
60 PRINT
70 PRINT
80 PRINT
90 PRINT
100 PRINT 5%4+3

110 PRINT 4+ 3%5
o mo ]

8+4

8-4

8% 4

8/ 4

8.0/ 4.0
«5%8

3r3
10«8~ 7+ 7
3+4-6

314 is shorthand for 3*3%3%3. In other words, 314 means “take
the product of four threes.”” Watch:

READY
SAME 10 PRINT 3%3#3%3
RESULT 20 END

RUN

61
C? Exercise 1 Write down the output you think a
1€ computer would produce after it got the

L2 signal to RUN the program shown at the left.
v (This is called simulating a computer run.
2 It's very good practice and it can come in
] very handy when you are trying to find a “bug’’

et (error) in a program.)
4

el Check your answers with those printed upside

down at the left.
NOY

Don’t feel bad if you were puzzled by statements 100 and 110.
There is really no way to predict what
10Q PRINT 5+4+3 or 110 PRINT 4+3+5
will do unless you know that computer scientists once agreed that
multiplication should be done before addition in a given_problem.
Thus, in line 110 the computer will first calculate that 35 is 15, and
then add 4 to get the answer 19.
But suppose that’s not what you want — then you must use paren-
theses. If you type
110 PRINT (4+3)*5
then the computer must first calculate what’s inside th_e garent‘hescs-
This means it first finds that 4+3 is 7, and then it multiplies this 7 by
5 to get the answer 35.

TICAL J1 When asking the computer to PRINT
answers to arithmetic problems, group things together the
way you want them with parentheses. Be sure that every
left parenthesis has a matching right parenthesis.

_A

When in doubt, use parentheses.
any harm — and
€y may make the difference be-
ween a right or a wrong answer.

FORMAL RULES
(1) If there are no parentheses, the computer performs

operations by going from left to right three times. The
first time, all exponentiation operations (1 or *x*) are
done. The second time, * and / operations are done in
order from left to right. The third time, + and — are done
in order from left to right.

EXAMPLE: 3+5%213—4/2*3 becomes 3+5+8—-4/2+3
then 3+40-6 |
then 37

(2) If there are parentheses, the computer looks for the
first right parenthesis, backs up to the matching left
parenthesis, and then applies rule (1) to convert every-
thing inside this inner pair of parentheses to a single
number. These parentheses are then thrown away, and
the process is repeated. If you use several pairs of paren-
theses, the computer works from the “‘inside’” out.

EXAMPLE: ((3+5)+3)/4 becomes (8+3)/4
then 6

Exercise 2 Copy and complete the following:
(@) 4+9=__ 2

(b) (4+9)=__72

(€) (4+9)x2=__ 2

(d) 4+(9+2)=__ 2

(e) (4+(9*2))*3=§?

(f) (4+(9*2))*(3+1)=\?

(9) 5*((8+(9+2))+(3+1))=__2

NOTE: .5 is the same as
0.5 to the computer,

Here are severs .
. al different co
Simulate running each of thege :)"Pllter programs using PRINT

would produce if You were a compzlte‘r””lmg down the output you

E .
Xxercise 3 Simulate running thig Program

10 FRINT 4
< o+
20 PRINT wan
28 ;:RIN'I 3% 33
RINT wp .
50 FND RE TWO Spcrgr AGENTS.
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Exercise 4 Simulate running this program

10 PRINT "WHAT HAPPENED IN THE YEAE"
20 PRINT 1000+776

30 FRINT '"OR"™

40 PRINT (S54%200)+C¢2%450)+ (9% 5)

50 FRINT "“OR'"

60 PRINT COS*CS*16) /M %5%(212))+ )

Lel’:e see what clse we can do with the PRINT statement. For
one thing, we can do several problems on one line.

EXAMPLE:

y RFALY

10 PRINT 911,912,913,914,915
20 END
RUN

9 81 729 65€1 9049«

N

The computer calculated the answers to five problems for us and
printed them on rthe same line. Notice what the comma does. When
commas are used in a PRINT statement. they space the answers
into 5 parts called zones:

| Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

9 81 729 6561 59049
<~— 15 spaces—»|<—15 spaces—»(<—15 spaces—»|«—15 spaces—»{«12 spaces
r\AAAA AARLARLAAR|NAALRAARAPARALALAARRLARPAAALALAIPALPAAALLALARAR nnAAAAAAAAAp]
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If there are more than five items in the PRINT statement, the
computer will go to the next line:

F{E’ADT,

10 PRINT 3» 3%2» 3% 35 3% Us 3% Ss 3% 62 3% 7

20 END
RUN

Another mark of punctuation you should know about is the semi-
colon. What the semicolon does varies somewhat from computer
to computer, but it is always true that the semicolon leaves less
space between answers than the comma.

On the Time Share Corporation system, the semicolon puts the
answers as close together as possible. There will be one space
between positive numbers because space is left for a possible negative
sign.

To see the difference between what a comma does and what a
semicolon does on this system, look at the following example.
(Your computer may do things slightly differently.)

READY

10 PRINT 97, 3+4,9%8, 1/8, “FoOT"
20 PRINT 975 3+459%8; 1/8; * FooT"

30 END | Note pa §|
b _ extra sPicijefded'
97

7
97 7 72 .125 FOOT e -125 FOOT




Let's take time out to try some of these ideas
on a computer. Before going ON-LINE, You
probably should review the section on correcting

typing errors (page 16).

(From now on we'll give our ON-LINE pro.
grams code names for easy reference.)

Code Name: /ARITH/

ON-LINE

Run the following program on your computer

“147 + 38 ='3147+38

5280%53 " FEET IN S5 MILES"
"THERE ARE";26%26%265'" THREF-LETTER CODE NAMESe"

“COMPARI SON OF 2277 AND 355/113:",22/7,355/113

After you get this program to work, go on to /ARITH2/.

WARNING |

WARNING WARNING WARNING

[

. Before you do the next ON-LINE program, notice that its
line numbers start with 100. If you had typed it in right after
/ARITH/, the computer would have tried to put the two |

' programs together with statements 10 to 50 followed by

statements 100 to 150.

Do you see that if you were then to type RUN, the computer
would ignore lines 100 to 1507 It wouldn’t look past the END |
statement in line 50. So, even though you were trying to
RUN /ARITH2/, all you would get would be /ARITH/ once

ON-LINE

again.

To avoid this difficulty, you must get rid of the old program
before typing in the new one. You do this by typing SCR and
pressing RETURN. To check that there is no program there,
type L_IST. The computer will let you know in some way that
there is no program there. On Time Share Corporation in-
stallations, the typing would look like this:

SCR
LIST E
END There was nothing to LIST

MORAL: SCRatch the old before bringing in the new. Check

with a LISTing.
- ]

ON-LINE

ON-LINE

ON-LINE

ON-LINE ON-LINE ON-LINE

ON-LINE

ON-LINE ON-LINE ON-LINE

ON-LINE

READY
100

120
130

PRINT

10 PRINT 605/8;6+3/A;"
: PRINT "LRILL SIZES
PRIRT »MONEY AFTER TOURLING %1

Code Name: /ARITH2/

program, experiment with changes in it.

RUN the following

s IN DECIMAL FORM"*'

6+ 7/83 13 T+ 1783 T+ 1/ 45 7T+ 378

wHAT SIZE

6732, 7/ 32,8732
=2 5/32‘F0R 15 DAYS = $°32115

1/ 32,2732, 3/ 32,473

MAY 1

By now you are probably discouraged by the amount oftypfng you
The trouble is that you can’'t write

have to do to get a little output.
very interesting programs if the only key words you know are

PRINT and END. So we’ll sneak in two extra key words (FOR and
NEXT. which we’ll discuss in detail later) to help make this on-line
session more interesting. You aren’t expected to understand what
these kev words do at this time. Just type them in as shown.

indicate extra on-line programs.

[NOTE: Code names with double slashes

Code Name: //MULTABLE//

10
20
30
40
S0
60
70
RUN

REALY

PRINT " MULTIPLICATION TABLES FOFR 10, 11, AND 12°
PRINT === oo e e e e e e o
PRINT

FOR X=1 T0 12

PRINT X5 **10="";X*10,X; RLII="I XKL 1aX5URDD i X*12

NEXT X
ENL

gﬁJeEer?NIhwlth nothing after it produces what is called
g Thus. . IS means tr_wat the paper ‘‘feeds” up one extra
i “:' , the effec} of line 30 above is to put a blank li

e OUTPUT, making it look neater ank line
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 LETS REVIEW SECTION 22 2-3 Statements Using the Key Word

L

@ Different forms of the PRINT statement look like the fo).

ECTION 2- ' ‘ '

LETS REVIEW SE¢ 2 It's election time, and the votes for the three leading candld:les ;1‘2:\3/:
j i t has 8497 votes, Handsome has

just been tallied. Flamboyant ha: o B

d Moderate topped the group with 9821 vo

i tes, an . gl o
lowing: :/l?e workers at election headquarters have stored’ this information
128 PRINT 45 on the chalkboard in the back room.

50 PRINT 900/450

36 PRINT "“HELLO THERE"

900 PRINT 10, 10%2, 10%3, 51 7+3, ((16+32)/8)+123
20 PRINT 3+1; “SCORE AND":; 4+3; "YEARS AGQ"

If more than one expression is used (as in lines 900 and 29
above), the following punctuation marks are used to separate

the output:

@A comma separates the output up to 15 spaces:

10 PRINT "2, "3"» "4" gives
2 3 4

10 PRINT 2, 3,4 gives (note space for sign)

2 3 4
icol ints th toiits close: topethier: Our picture shows three spaces or locations on the board, called
GDA seqiicolon: prinks-Ihec: oulptitsiclo 8 ! F, H, and M. We can think of F, H, and M as labels pasted on the
; board. Next to each of these labels is written the number of votes

10 PRINT *"2'"3;*"3";5"4" ives A

: * * & “‘stored” in our chalkboard memory. These numbers can, of course,
234 be erased at any time, and new numbers can be put in each location.
Now let’s use this picture to get a feel for what goes on in com-

puter memories. We can also “‘store” numbers in the memory of a
2 3 4 computer. In order to know where these numbers are being kept,
3 we must also use labels for the various memory locations.

10 FRINT 25334 gives

The LET statement in BASIC does both of these things at once.

An END statement is always needed as the last line of a
program. It consists simply of a line number and END. .
@ It gives a label to the memory location.
RUN is the command which tells the computer to execute all ® It st , : > .
the statements in its memory. Since RUN is nor a statement, stores a number in this memory location.
it never has a li ,
as a line number For example, the statement
SCR' means scratch. It is a command which erases the 2
previous program from the computer’s memory. It never has @ O LET F=gag7
a line number ! e A | ol
. | h > | . . . .
. : E | 8x97 | @ Gives the label F to a location in the computer memory.
LIST is a command that causes the computer to type out all L= !
the statemen}s it has in its memory at the present time. It s @ Stores the number 8497 in the memory location having that
never has a line number. label. The number 8497 i 11
s & s called the contents of the memory

= S |
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Labels are sometimes compared to the
names on mailboxes as shown in the picture
on the right. Notice that the /abe/ is very
different from the contents of the box.

One mailbox has the label Smith, but it
contains a letter.

We might call the label Smith a variable
because the material put into the “Smith”
mailbox can vary: one day a letter, the next
day a magazine.

30

In a similar way, the labels used for memory locations in a com-
puter are called variables. This is because different numbers can be
stored in a computer memory location; its contents can vary. In
BASIC, the names we use for labels are usually single letters such

Gy Xs Y )
as"l/"}l’eBac(t:uz«ll memories of computers don’t look like chalkboards
or mailboxes, of course. However, a person who wants to program

a computer doesn’t have to know about the actual construction of

memories, and for our purposes the chalkboard picture is better.

|
For one thing, we see that we can erase the number nextdto ; Itz;ll:r
i . isi ctly what computers do in it
nd put in a new number. This is exa ¢ o
:lect;;onic memories. 1f we put a new number in the same local
as an old number, the first number is erased.
If a BASIC program says

10 LET A=4

we may imagine that the computer’s
memory looks like this:

If we now say

20 LET A=12 (a] 12 ____
here is what the memory looks like: ]
- l.k

The 4 is gone (forever), and a 12 is now L _J ——————

in its place.

In computer language, we say that memories have the
property of destructive read in; that is, when we “read in”
the 12, we destroy the 4.

READY

5 LET A=5%5

10 PRINT A ="3 4
15 LET A=6%6

20 PRINT A =" A
25 END

RUN

A = 25
A = 36

//—\

. One big difference between a computer and a chalkboard
is tha_t the computer can do arithmetic on the numbers on
the right side of a LET statement before storing the

answer in its memory (the chalkboard just stands there).
In the statement

5 LET A=5%5

the computer first calculates 5%5 and then stores the
answer (25) in location A. The statement

15 LET A=6%6

stores 36 in location A, wiping out the 25.

SUGGESTION: It will help if you read LET statements from
right to left. In the statement

5 LET A=5+5

the gompgter calculates what’s on the right side (using
special arithmetic circuits). It then stores the answer in

memory location A. You can imagine that the process looks
like this:

31
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Let's watch some LET statements in action. O
. On the left we'll
show a BASIC program. On the right we'll “pi o
> ctur at hz
inside the computer. 9 R LA

Let's apply all of this discussion by writing a program to giv
the total votes in our election (the one with Flamboyant Handsoc -
and Moderate). To make life interesting, we'll also havc‘our progrr-n =
PRINT out the percent of votes that each candidate received. Yd;:

may recall that such a percent is found as follows: SABIC PROGRAN MRS
Percent of votes received by a candidate
= (number of votes received/total number of READY [al|[l8] | el | ol
(o | D]
votes)* 100 = D = =
. : a 10 LET A=7 r g
T'his formula is used in lines 60, 70, and 80 of the following program. 29/ LET |Dw 3 3
30 LET C=A*B 10
40 LET D=23%C
READY SO LET D=D*100 ;:goo
60 PRINT A3B;C3 D
10 LFT F=8497 10_eh
20 LET H=7231 e
30 LET M=9821
40 LET T=F+H#M
5o PRINT “1016L NO. OF VOTFS CAST 15" TS by e
60 PRINT "% FOR FLAMEOYANT =" (F/T)*100; b A
a0 FRINT "% FOR HANDSOMF ="; (H/T)*1005 %™
R0 PRINT "7 FOR MODEFATE ='3 (M/T)*1005"%"
90 END
et Did you catch. wha_t happened in statement 50? The computer
w;‘)rkedh orli) llhe right side of the statement first, calculating D+ 100
when t i i ini i )
TOTAL NO. OF VOTES CAST 15 25549 o uf:e an:vcvam();;m" had 230 in it from the previous step. Then
o L M h o i ki er (23000) and put it back in location D. This means
% EOR e e dasm at the 230 was erased, and replaced by 23000.
% FOR MODEFATE = 3&.£399%
Notice that the computer has an in-

Notice that 33.2577+28.3025+38.4399= 100.0001 instead of exhaustible supply of constants.
exactly 100. This is because the computer rounded off its answers. You name it, and you've got it!
Round-off error isn’t serious in this example (what's .0001% among
friends!), but it can sometimes cause trouble if the programmer lets
it “*pile up” too much.

SUMMARY OF THE THINGS THAT CAN BE USED IN A ;
LET STATEMENT:

= W
0 LT X_ = 12 3 Yoot~

'__“v——'L‘-* ey B =) 7-741-
Line Number | Key Word [variable! Eonslant‘ Operators, l{rlfblbf.
X, Y, and W are called variables, since different numbers can
pe stored in the locations they represent. The number 1218
calied a constant because it doesn’'t change.
In BASIC you're allowed 1o use only one variable on the left

side of the equal sign (=) ina LET statement, and as manlv
as you want on the right side. Constants can be used only

e 33
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So far we have used single letters for variable
names. That gave us 26 names for VARIABLES,

NOTE: To avoid confusion between the
letter O and the numeral zero, we will
write zero as @ when it is necessary to
make a distinction.

In BASIC you can also use a single letter

followed by a single digit for a variable name.
Examples are:

A5, B7, D8, X9, Y1, Y2, Y3, A0

This gives us 260 additional names for variables!

Exercise 1 Which of the following variable names are allowed
in BASIC, and which are not allowed?

A B Cg8 C23 XY 2D 5F W8 W13
W2 H7 09 11 J9 IoU F-2 3 X3.1

Exercise 2 Simulate the RUN of the following program. Copy
and fill in the chart at the right, showing the locations of memory,
as you proceed.

REALY

10 LET A=12

oiRlEEEE

20 LET B=8
30 LET E1=p+PB
40 LET E2=A-B
50 LET E3=A*B

70 LET A=A*10

3

5

60 PRINT A3B; F13FE23E3

80 LET B=A+B
90 LFT u=A+E

100 PRINT &
110 END
RUN

ouTPuT: _°?

Exercise 3 Simulate a RUN
of the program shown at
the right. Make a chart like
that for Exercise 2, and fill PRINT A3 B3 C
in the memory locations as LET A=B+C
you proceed. PRINT A

LET A=3%4
LET B=10%A
LET C=B/4+6

BND

ON-LINE

ON-LINE

Exercise 4 (One last check

to make sure you're ready

for the next ON-LINE ses- 10 LET A-2=4
sion.) Look at the “pro- 20 PRIN 4
gram” shown at the right. 30 LET 4=C
Ineach line there is an error. 40 PRINT,C,A
Find each error and re- 50 LET C/3=6
write the lines inaformthat 60 LET A=C+
makes sense. (It is impos- 70 PRINT AC
sible to guess what the 80 LET D=4 X A
original programmer had 90 PRINT THE ANSWER IS D
in mind; so thereisnoone 100 EMD

“right” way to correct

each line.)

Code Name: /RAT1/

You are the program director of a national TV network, ABS
(All-purpose Broadcasting System). And it's that time of year
again; the lllson rating service reports are in, which means that
you have to make your annual appearance before the Board of
Directors with a list showing what percent of the audience ABS
had for each of the "'prime" hours (7 P.M. to 11 P.M).

For each time slot, you must provide the total number of view-
ers, the number of viewers watching ABS, and then the per-
centage of viewers watching ABS. Your meeting with the Board
IS in just half an hour. and your list of percentages still isn't ready.
Can the computer help? Let's find out. Here's a partial picture
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ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE

ON-LINE

e

of the computer OUTPUT you'd like. The numbers of Viewerg
came from the llison survey.

TIME SLOT TOTAL VIEWERS VIEWERS OF ABS

2 WATCHING ABS

31546

36530-
47867
35483-

8876
9604
16390
6379

Write a program, using a series of LET and PRINT statements
which will output a complete chart. The formula you need to;
the last column in the chart is:

; _ (No. of viewers of ABS
Percent watching ABS = ( Total No. of viewers )*100
Your program should first PRINT headings. Then for the first
time slot, here's what you might do:

LET N=1

LET A=the total number of viewers

LET B=the number of viewers watching ABS
LET C=(B/A)*100

Then PRINT N, A, B, C. Now repeat the process for N=2, and so
on. Of course, you'll have to write statements in correct BASIC
with line numbers, sticking exactly to the rules you've seen so far
When you've done this and are pretty sure your program is cor-
rect, take it to the computer and RUN it.

Code Name: //RATSTUDY//

In order to make this next program more interesting, we're
going to sneak in the FOR and NEXT statements again without
explanation (it's coming soon). We'll use them
to write a program that shows how the %
ratings of ABS in time slot 1 would change for
each extra thousand viewers added until ABS
had 30,876 people watching their shows.

The program is printed at the top of page 37

RUN it and see if you can figure out how it
works. (If you can’t, wait until Section 2-7).

ON-LINE

ON-LINE

/
READY

ET A=31546
% tET B=88176
s0 FOR X=1 TO 22
60 LET B=B+ 1000
70
g0 NEXT X
90 END

10 PRINT “RATING STUDY FOR TIME SLOT 1"
oa PRINT oTO0TAL VIEWERS®»>"VIEWERS OF ABS"," g WATCHING ABS"™

PRINT AsB» C(B/A>*1003 "X

L_,///\

]

LET'S REVIEW SECTION 2-3

|

[ ] Thf: LET statement is used to “‘assign a value to a variable,” }

This means that the value (number) is stored in the compuler.‘s ‘

memory in a location which has a label, or “address.” that is ‘
given by the variable’s name. For example: '

BASIC STATEMENT PICTURE OF COMPUTER MEMORY

10 LET M=16+4 r'F;'r —————— 1 .
A, | |
M 20 {
| EEE N J

The value 20 is stored in the computer’s memory in a location
that has the address, or label, called M. The RIGHT side of
the BASIC statement is calculated first, and then stored in
the location named on the LEFT side.

@ Variable names can be single letters (A. B, C. .. .. X. Y. 2

or single letters followed by single digits (such as Al, B7,
Wwo, X3).

2-4 The INP_l}TI Statement

You probably found that your television-viewers
program in Section 2-3 consisted of many re-
peated statements. For example, for each time
slot. you had 1o have several LET statements.
You may have had something like this:

LET N=Time slot no.

LET A=Total viewers

LET B=Viewers of ABS

LET C =(B/A)- 100 (% watching ABS)

PRINT N. A. B. C

which means that a set of similar state-

ments had to be used for each time slot. Well,
that's not very good programming.
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I cl"'u sce if we can write a better program. We'll keep A, B
meaning the same things as listed on page 37. First, Iet'syw.
casential statements: "

and ¢
te the

30 LET C~(B/A)*100« —That's a good start.

40 PRINT ABC."%'" «

—Woe have to PRINT the answers to get OUTPUT.

100 END I
’
’/u INIVIT A4
O IV B ;
0 47 ('(’//!)’/Do Of course, this program woulg
OLIY A v not work because it has ng
,:';:n Ay’ % values for A and B. To give A
b ?“)/V and B values, we'll use a new

|This ? is from the first
|INPUT statement. The
|computer is asking us
(to tell it what the value
|of A should be. We
Etyped in 31546, and then
|pressed the RETURN
| key.

"I;;mis ? iswa;king for the
value of B (from line 20)

(These are the answers
|printed by line 40.
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let's add two statements at READY
the beginning of our program: PRINT wIYPE IN THE TIME SLOT NUMBERS **
10 INPUT A :'3 INPUT N "
i3 20 INPUT B 2 PRINT " INPUT THE TO TAL NUMBER OF VIEWERS:
UT A
? :g :’z)l,NT «TYPE IN THE NUWEBER OF ABS VIEWERS: "
Here's what a few RUNs look like: | 20 INPUT B
30 LET c-(B/A)*lOO
READY 35 PRINT “TIME SLOT NOe"'» “TOTAL VIEWERS", "VIEWERS OF ABS"»
, 36 PRINT " % WATCHING ABS"

| 10 INPUT A \ 40 PRINT N»As B2 C3 2%

20 INPUT B 100 END

30 LET C=C(B/A)*100 RUN

40 PRINT AsPEsCs "3 |

100 END

RUN [ TYPE IN THE TIME SLOT NUMBER:?
\ i 71
2 | INPUT THE TOTAL NUMBER F

*73154€ | 231546 ER OF VIEWERS:

8876
A1 31546 88176 2813672 ‘ _}::56” THE NUMBER OF ABS VIEWERS!:

/

/

kind of BASIC statement — the
INPUT statement,

END — | 1
RUN + Second RUN ;

736530
29604

36530- 26-2907%

9604

END i
RN +———{Dne:mors 1ne |

247967

16390
7l|7967- 16390 344 1693%

- =

TIME SLOT NO-.

;- @ ]

Let's summarize the effect of a statement like:

10 INPUT A

er executes the program and gets to statement 10, it

When the comput
2 and then

you to type in a number for A, followed by a carriage
N (you're IN PUTting the number into the computer).

@ prints a
@ waits for

RETUR
OK: that’s the basic program in BASIC. Let’s spruce it up a bit.
First, you know what A, B, and C stand for, the network president

knows what they stand for, but not everyone does. So let’s putina
few PRINT statements to clear this up. Let’s also show the time slot

numbers:

TOTAL VI EWERS
3

VIEWERS OF AES
8B 76

X WATCHING AES

1546 2R+« 1367%

NOTE Because of the comma at the end of line 35, the com- }
puter prints the OUTPUT from lines 35 and 36 on the same
line. A new RUN is needed for the next time slot. J

Code Name: /RAT2/

:UdN the preceding program using the data for time slots 2, 3
nd 4 given in program /RAT1/. Section 2-3. ‘

ON-LINE
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29 = - V\AAANVWW\MJW\,WVWVVWWWWWMW
Lets [Let's try again. -—— +RUN
eLS take a look o another [Li—e—- -

it D P .

::;*:l“:\e‘ llNPUT Statement, Suppos?f}:::n\ ::':;

v il:.nt:i:h\lti:‘c?nw manly hours a person hy, l;l?'l" ';ANY YEARS OLD ARE YQu?

¥ § 'me (well. why not?) Let's e - l
assume that everyone sleey ’ e | S LENEE =

time (8 hours out of 29, An‘:lsl e o the a3se0r T l
365 days (dis!

eU's take a year g i HOR T 33580
I

regarding leap years), | END l
| -]

worked. Moral: you must use either whole |

This

| bers or decimals for INPUT — never use !
. nu!
b . T.
RS;“E § 8 Program you might use, with a sample M ‘
— sPEEIAL TRICK: To put the INPUT ? at the end of the ques- |
tion being asked, end the PRINT Statement which j
10 PRINT "HOW MANY YEARS 0 # : hown here.
10 PRINT - S OLD ARE YOu? ahead of the INPUT statement with a . as shown here:
30 LET H=Y*24%365 ‘ T~ =)
40 PRINT "HOURS LIVED" “HOURS SLEPT" ‘ i
50 PRINT H,H/3 - Sered ey e
60 FND | 10 PRINT “HOW MANY YEARS OLD ARE YOou™;
B - RUN | B RIN T

Notice that the INPUT statement \ L

e
| — 1 Put a ; after the last .
caused the computer to PRINT a ? | & — ]

and then stop. The student typed| |HOW MANY YEARS OLD ARE YOU?

HOW MANY YEARS OLD ARE YOU? 14
in the number 12 and pressed| [?12

HOURS LIVED ~ HOURS SLEPT | |Thisisthe INPUT 2,

HOURS LIVED HOURS SLEPT

[ 22640 .
RETURN. 10%120s 35040+ 3 : . SPRRR
. END \\R\ I ——
[Let's try again.|— RUN
Code Name: /SLEEP/
g HOW MANY YEARS OLD ARE YOU? = [ w R 3
The student typed letters in-| | oom mepn mrstood! ( 5 UN the preceding program for Y=10, 20. 30, 40, 50, 0. Com-
stead of numerals. The computer —t 29 3¢ —_ 3 pare the results for 10 and 30 and for 20 and 60. What do you
doesn't understand letters; so| |HOURS LI1VED HOURS SLEPT o d'ﬁ_‘m“ef ? _
it typed ?? (some computers 113880~ 37960~ \ (thhthme prog;azrr;;‘:r avariety of ages. including ages like 12.75
like “ILLEGAL w eans years or 12 years and 9 months old).
CRaRAGTER Y. e ¥
: RW——W s Code Name: /RETIRE/
L)
g RUN the following program for a variety of values for Y.

HOW MANY YEARS OLD ARE YOU?

211 172
PEXTRA INPUT - WARNING ONLY ‘

Fractions not allowed! The com-
puter took the INPUT as 111 (!) and
ignored the /2, giving us a very
wronganswer.

&M -y | | Notice {he space between *
v - Ow mMany YEARS OLD ARE You"; and YEARS. If we hadn't

t+ put it there, the Y in YEARS

3 65=Y3" YEAKS.' | Would be right next to the
preceding numeral.

HOURS LIVED HOURS SLEPT
972360 3241200

I
mMAMMNVMMNNMWWAWW W

ON-LINE

‘0u can RETIRE IN'
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b

. o

We can use an INPUT statement for several Variab
€5, Stug
Y thiy,

REALY

10 PRINT "TYPE IN THE NO.
20 INPUT N2.T»Q

40 END
RUN

TYPE IN THE NO. OF NICK
Eole ELS, DIMES,

YOU HAVE 165 DOLLARSe

Notice that we type in three numbers

\ separated by commas to match line 20.

The computer stores the first number in N, the
second number in D, and the third number

in Q:

OF NICKELS, LIMES: ANLC QUARTERS YOU H
AVELn

AND QUARTERS YOU HAVE: ‘

i

T

30 PRINT "YOU HAVE"} ¢ 05%N+e« 1%L+ 25%Q; " DOLLARS."

Nl _3__
— In statement 30 it calcul
¢ it calculates the .05+3=

(D] - — =~ d_o]lars you have as shown at the .10:5= ‘50

— right and then PRINTS the result | 25:4=1.00

)] . S, on the terminal, 1.65—0UTPUT

RUN If you forget to type in all the numb |

ers asked for by the |

program, the computer may keep asking (??) until yorl do:

73
77554
YOU HAVE 1465 DOLLARS:.

ON-LINE

TYPE IN THE NOe. OF NICKELS, DIMES, AND QUARTERS YOU HAVEt

Code Name: /MONEY/

RUN the preceding program with different values for N, D, Q

Code Name: /SUMPROD!

Write and RUN a program that will find both the sum and the

product of 4 numbers. Use a statement like:

20 INPUT W, X.Y.Z

42
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SPECIAL INFORMATION ABOUT LARGE NUMBERS

Look at the following program and printout:

READY
10 PRINT 30#%40%*100000

20 END
RUN

1. 20000E+08

What does 1.20000E+08 mean? It's computer “scientific notation”
for 120,000,000 (that's one hundred twenty million). Scientific
notation is a shorthand for very large (or very small) numbers. Let's
see how it works. First recall that

102=10x10=100, 10°=10x10x10=1000, and so on.

This means that
1.2x102=120, 1.2%x10°=1200, and so on.

We can thus see that multiplying 1.2x10° is the same as moving the
decimal point three places to the right:

1.2x10%=1200.
VAR

In the same way, 1.2x10%= 120000000. Now you can probably see
how scientific notation works:

1.20000E+08 means 1.20000% 10%, which means
120000000.

In other words, since a computer can't print 10* on a terminal, it
uses E+08 to mean x 10,

The number 8 is called an exponent, and E+08 means “times 10
with the exponent positive 8.” (The largest possible exponent on
the Time Share Corporation system is +38)

R |

RULE: E+10 means ‘move the decimal point 10 places to
the right.”

- —

EXERCISES

Find the missing numbers.

1. (a) 5.00000E +06 5000000  (b) 8,000,000= .

i (b) 27.000,000=2.70000E ?
(b) 2.234.000=2.23400E_?’

2. (a) 8 23000E+08
3. (a) 1.23000E+11 ?
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SPECIAL INFORMATION ABOUT SMALL NUMBERg
Look at the following program and output:

EXERCISES

READY

10 PRINT €(1/10003/12)/ 5280
20 END
RUN

1. 57828E=08

You can perhaps guess what 1.57828E-08 means. It means
1.57828x1078, which means .0000000157828.

In case you haven't used negative exponents before, here's b,
n
they work:

P e 1
1071=35=1, 10 ={grqo= 01 10 =g nnr
and so on.

This means that

1.5%x10'=.15, 1.5x1072=.015, 1.5x107%= 0015,
and so on.

We can thus see that multiplying 1.5x1073 is the same as moving the
decimal three places to the left:

1,5x107=.001.5

In our program, 1.57828E-08 means 1.57828x 1078, which means
00000001.57828, or .0000000157828.
RAAAADANS

. , i
RULE: E-10 means "‘move the decimal point 10 places

ON-LINE

Supply the missing numbers.

7. (@) 2.00000E+09=_?
8. (a) 6.30000E+08=__ 7
9. (a) 3.14159E+11=_ 2

10. (a) 2 =7000000000

11. (a) _?_=3231oooooooo

12. (a) _?__=1000000000

(b) 2.00000E—-0g= 2
(b) 6.30000E—0g=_ 2
(b) 31415011~ 7
(b) _?_=0.000000007
(b) 2 ~0,0000003281

(0) —?_=0.00000001

Code Name: //SUPER-SLEEP//
Write and RUN a program that prints the number
minutes, and seconds that g person has Slept.

Challenge: Cal"n You use your program to find out how old a per-
son has to be in order to have slept a million seconds? a billion
seconds?

of hours,

LET'S REVIEW SECTION 2-4 '
@ The statement ‘

|
20 INPUT X ‘

causes the computer to stop, print a ?, and wait for you to ‘

type in a decimal number. Then when you press the RETURN

key, the computer continues the program, with the number
You typed now stored in the location X.

@ The statements

15 PRINT “WHAT IS X"
20 INPUT X

print WHAT IS X? and wait for you to type in a number.,
the left.”
@ The statement
25 INPUT W X.Y.Z
Causes the computer to stop. print a question mark, and wait
EXERCISES

Find the missing numbers. il 4
4. (a) 1.50000E—07=.00000015 (b) 000000732=7.32

"
6= A
5. (a) 3.75000E-06=__" (b) .0000006=—

0015=
6. (a) 9.82000E-16=__7 (b) .0000000000

jiles *
any M
" . out how M
tIn case you were wondering, this program finds o

one-thousandth-of-an-inch hair is.

for you to type in four numbers. separated by commas,_lt
puts the first number you type in W, the second in X, the thqu
in Y, and the fourth in Z. If vou don't type four numbers, it
will remind you with a double question mark.

® Very large and very small numbers are printed with scientific
notation.

EXAMPLES:

1.34567E+08 means 134567000.
1.34567E - 08 means .0000000134567.
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2-5 The Statement

At last — a statement that al|
computer where it can go!

Let’s illustrate its use in ou
program (RAT?2 in Section 2
statement (line 50) that tells ¢
(bac_:k) TO line 10 and run t
again:

lows you 1o tell the

T second TV-ragjp,

=4). We'll pug jn -
he Computer o GO
he program a|f gy,

10
15
20
30
35
36
40
45
>50

READY

1 PRINT “TYPE IN THE
4 INPLT N TIME SLOT NUMBER:"

5 PRINT "INPUT THE TOTAL NUMBER OF VIEWERS:"

100 END

\_——_)/’/’///_\

—

INPUT A

PRINT "“TYPE IN THE N

sy s UMBER OF ABS VIEWERS:"

LET C=(B/A)*100

PRINT "TIME SLOT NO«","TOTAL VIEWERS",* V.

PRINT * % WATCHING ABRS" il
PRINT N»>A» B, C5 2"

PRINT «—

GOTO 1

Here's the GOTO
statement. You

Recall that this makes the computer PRINT an empty
line and makes the output look nicer.

L{ may type either
50 GO TO 1
50 Gt:)rTO 1 Now we don’t have to continually type RUTfl. BUT — the com-
puter will go eternally back to line 1, through line 50, back to line 1.

and so on. This program puts the computer into an “infinite loop.”

This means that the computer will try to go through a program (or

a part of it) forever unless it is stopped.

NFINITE
BEFORE YOU RUN ANY PROGRAM HAVING AN |

LOOP, MAKE SURE YOU KNOW HOW TO STOP THE
“RUNNING” (EXECUTION) OF THE PROGRAM. Ask som:-
one how to stop it, or read your computer manual, but make

sure you know.

On the Time Share Corporation sy
: ; ystem,
execution by pressing and releasing the BRE,{?(U ksets‘:f([:e program
is RUNRning; if the computer has printed ? and is waiting fo: lpfzo;f{;‘";-n

Here’s what a RUN of the preceding program would look like:

RWN

1YPE IN THE TIME SLOT NUMBER:

72
INPUT THE TOTAL NUMBER OF VIEWERS:

736530
TYPE IN THE NUMBER OF ABS VIEWERS:
79604 -
TIME SLOT NO. TAL VIEWERS VIEWERS OF ARS 2
wa
o 36530 9604 26.;;:2}}!:6 fes
—{TYPE IN THE TIME SLOT NUMBER:
73
INPUT THE TOTAL NUMBER OF VIEWERS:
247867
TYPE IN THE NUMBER OF ABS VIEWERS:
216390
TQ‘“ SLOT NOe  TOTAL VIEWERS VIEWERS OF ABS X WATCHING AES
47867, 16390 34.2407%

;I‘YPE IN THE TIME SLOT NUMBER:
a

INPUT THE TOTAL NUMRE
STOP

The BREAK key was
pressed here.

:Zk“;hat the GOTO statement did? The computer wen:
Kto line 1 and started the program over again

_H:m- charting is a method of showing in what order the computer
will RUN a program. It uses special symbols

F'NT LET START END

and a lot of arrows to create a “map” of what the computer will do.
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Here’s a flow chart of the preceding program: 2. Use 1, 2, and 10 for R

TV-RATING PR b
A FLOW CHART OF THE OGRAM wiry Gorg 10 PRINT “PROGRAM 10 fiyp AREA

20 PRINE STYDE 1y Rapypee OF & crrege
roa 30 INPUT R

. 40 LET A=3. 14159%pap

1 g B < 0 " % G
PRINT “TYPE IN THE TIME SLOT NuMBER - ] 20 ES;STQOAREA =m;p
T ey 70 END
JINPUT N ‘,.’J

—

: =
PRINT “INPUT THE TOTAL NUMBER QF VIEWERS 1

3. What' i ; g
i ek al's wrong with each Jine of this “program 2
" N 10 INPUT 4
i f 20 LET B-= 70 INPUT F4
L A B=3A g0 _
- r, _ _ 30 'NPU LET H= ‘F+G'-
5 ’ T C+A 90 PRINT “H
| PRINT “TYPE IN THE NUMBER OF ABS VIEWERS | 40 LET C=B H =H
| UMBER OF ABS VIEwERg | +A, 100 GOTO 5
e i ]; y 50 INPUT, DE 110 THE END
"*Neut 8 60 PRINT “D/E=;D/E
B 2
‘ et - (B/A) <100 |
L= S— Code Name: /RAT3/
P = 1 ere i il i
| "PRINT “TIME SLOT NO " *TOTAL VIEWERS " r g thing we can do With our television pro-
| "VIEWERS OF ABS".""% WATCHING ABS" e gram — shorten it! One way to do this is to input severa| numbers
e - & !N one step, as we did in Section 2-4. So, here's our final version
sy == = - X
| “BRINT N, A.B,C. sj CZ)
e READY
[as |
% :R'NT-'J i 5 PRINT “TYPE, IN THIS ORDER:*
il =] z  PRINT “TIME SLOT NO., TOTAL vIEwERe, VIEWERS OF aps"
= 10 INPUT N, AsR
(Teno ) ;
Notice that the GOTO statement doesn't == z 20 LET C=(B/A)*100
otice that the o 30 PRINT ™TIME SLOT ND.", “TOTAL ULEWERES, -
get a bo‘>‘<. It is shown by an arrow that 31 PRINT * % WATCHING Apce WERS™s "VIEWERS OF aps™,
“goes to" the right place. 40 PRINT N, @A, R, C; 'gn
’ : 5
You can see from the flow chart that the computer will never reach u }go :g;g TG
the END statement in this particular program, since the line ahm; [1; 3 100 END
represents the GOTO statement. But we still must have an E! g RN
statement in the program. ) . licated v///,—w
Flow charting is especially helpful in planning very complica &
programs, since a flow chart makes it easier to follow the logic - e
sequence of the program. § :’:Gt:r: tr&nsferring to line 6, not 5, just l
. ake the output a little shorter
z ¥
EXERCISES | each of the 0 S —=
Pretend that you are a computer and RUN (on paper) ¢
programs. w RUN this program using the information from program /RAT1/,
1. Use 1 for A (STOP after 5 loops): 10 INPUT A 2 page 36
— 20 PRINT A 1
Infinite| | |5 LrT A=A*] g
loop 40 GOTO 20

50 FND SPECIAL: Change line 6 to end with a ; and see what happens.

a9
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ON-LINE ON-LINE ON-LINE ON-LINE

ON-LINE

;

Code Name: //WAU//

You are a dispatch director for TRANS WAUKEGAN AIRLINES,
It's your job to give the pilots all the information they need for
their flights.

One of the things they have to know is the estimated flight time,
that is, how long the flight is expected to take. You're getting
tired just guessing—so—in a small step for mankind and a
giant leap for Waukegan — you decide to use the computer.

Write and RUN a program using the information given in the
table on page 51. Your program should produce OUTPUT like
that shown below. (MPH means miles per hour.)

RUN

TYPE IN:

FLIGHT NUMBER:?7128
FLANE SPEED (MPH):?7 600
DISTANCE (MILES):?560
LWIND SPEED (MPHY:?7-40

—40 means a head wind hinder-
ing the plane’s progress.
40 would mean a tail wind
helping the plane.

FLIGHT NUMBER: 128
ESTIMATED FLIGHT TIME: 60
FUEL NEELED: 9960 POWNDS ¢

TYPE IN:

FLIGHT NUMBER:? —

MINUTES
RESERVE

/

ON-LINE

ON-LINE

Here's some flight inform,

i
you can use to test yoyr proat o o e

L GHT NO.  PLANE SPEED

DISTANCE  winp SPEED
» 600 mph BOSTON-PITTSBURGH ('";':;’ (mph)
. 600 mph  WASHINGTON-LOS ANGELES  pg05 0 (head)
s 600 mph  DENVER-SALT LAKE GiTy an ~55 (head)
125 600 mph MIAMI-NEW YORK 1092 =25 (head)
120 600 mph  SAN FRANCISCO-CHICAGD  19ue 98 (tall)
i 600 mph  DETROIT-SEATTLE 19 0 i
%6 600 mph  PHILADELPHIA- ey 90 (heaq)
WASHINGTON . +30 (tail)
—_— |

The speed of the plane with
N et Mot respect to the ground is called the

ON-LINE ON-LINE

ON-LINE

Here are the formulas you'll want to use: T

Ground speed in miles per minute=(Plane speed+Wind speed)/60

Tim i i i i
e traveled in minutes=Distance (miles)/(Ground speed in miles per m

inute)
Approx. 166 pounds for each minute of flight time

EXAMPLE
Suppose:

Plane speed=600 MPH
Wind speed=60 MPH (this means a tail wind)

Distance=330 Miles
Then:

Ground speed in miles per minute=
(600+60)/60=660/60=11 Miles per minute

Time traveled in minutes=330/11=30 Minutes

Fuel needed=166+30=4980 Pounds of fuel

51
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LET'S REVIEW SECTION 2-5 ]

@ Computers execute statements in the order lh‘at is given by the |
statement line numbers. You can change this order by sing
a GOTO statement. A GOTO statement, as the name i,
plies, will force the computer to go to a specific statemen,
anywhere in a program. For example:

300 GOTO 179 ‘

will force the computer to go from statement 300 to statemen
179 and continue execution at that point in the program, w,
say that the program branches to statement 179, |

@ Several good programming ideas have begn illustrated in the
last few pages, which we also ought to review:

1. It's a good idea to use a PRINT statement to tell the persop ‘

I RUNning the program what the INPUT statement is |
asking for. )

2. Instead of always reRUNning a program, We can use a
GOTO statement to cycle back to the beginning of the
program (or to any other point). An even better technique
will be shown later. ) [

| 3. Always label an answer. Don’t just say 2@.290, for example.
\ ' Make sure it's clear whether 26.290 is the percent of
‘. viewers watching f\BS. the weight of your dog, or whatever
l else you had in mind.

2-6 Statements UsingIIF v THENI; |STOP|

Sue is a computer programmer for the transpom‘uion departmeni (:f

her state. She has just been given her latest assignment: comp:’ :re

ize the automobile driver licensing process. Sue hardly knows w

to begin. e
But, being logical (all computer programmers are I‘:!gllc;:ll‘le o

decides the first thing the computer shopld dois to loo (: ot

son's age and determine what type of license (if any) ca

be issued. Here is what Sue is thinking:

-omputer
First, IF the person’s age is less than 16, THEN the compy
should print: e
“NO LICENSE POSSIBLE — UNDER }f\fﬂgpnm
But,  IF the person is 16, THEN the u«""n"ferx?);‘)s'll}l £
“JUNIOR OPERATOR’S 1.|cH_~4%le e compid
Finally, IF the person is older than 6. THEI
should print: i 5
“OPERATOR'S LICENSE POSSIBLI

Sue has set up three conditio
applicant we mean the person wh
The conditions are:

ns about_ the applicant's age (by
0 has applied for a driver's license),

(1) the applicant is Younger than 16, or

(2) the applicant is 16, or

(3) the applicant is older than 16.

One and only one of these conditions can be true for each applicant
Hence, it should be possible to program the computer to find out
which fits each applicant. Let's first use English “1F" sentences to
show the logical thinking needed to decide which kind of license the
applicant can request.

SUPPOSE THAT AN APPLICANT IS 19 YEARS OLD

(1) IF the applicant is younger than 16. _
But the applicant is NOT younger than 16: so condition |
is FALSE and we continue

(2) IF the applicant is 16, . .

But the applicant is NOT 16 years old: so condition 2 1s
FALSE, and we continue.

(3) IF the applicant is older than 16. ‘
The applicant is 19: so condition 3 is TRUE. We 1hercfor§
decide that the applicant is eligible for a regular operator's
license.
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Here's & flow chart that descnbes our g N
NPLT ase ~— ~
ANT'S 8Ge
sTART K )
e WPUT APPLICANT S AGE > .
B asamcnéjr".a_;.ve#cinct in a fiow chart : B
s called a decision boOX insige the bax : .éic‘?}fg~ s °:g;= &_Qﬁ s - =E{qw N
tmere shouid aways be 2 question that = Yo ~ 8
can nSwer or no o
can de a ec yes — S AGE £S S AGE = 155 "ES P -
IS AGE YES paanT & e, B e e
SR
¥ i NO = &
= s
NO - m?!h OR'S Ucenge
chcaren ~TES panT OPERATOR'S Lcense a7 J
THAN 18 -
= - E3 ere’s a .
HING S WRONG pn‘ N
ac Tram based on Sye's flow chan

3 PRINT "Typg 0 (ZERO) 10 STOP

sSuescodefor || 2 PRINT
S PRINT “Typg |y AFPLICANT

e

| h

THIS PRO(RAM.» | a
| >

y—

Another way 10 dcscri_be a dt;cision box i§ to say that it coe. | 0pping the program. 1o INPUT A 'S AGE: N ;
sponds o a condition which is either frue or false. Such conditon — NS 1F a 2 | ly
described in BASIC by using the symbols <. = or > where: tAsnot <16and A | =0 THEN Qo ! a
e snot=16thenA>16. || 20 LF A<16 THEN g0 ;
A<16 means A is less than 16 —_ 1 ‘23 IF A=16 THEN 9p ] e
" P
A=16 means A is exactly equal to 16 ;oomputer comes here| | 45 Gg;gTa“OPmATOR 'S LICENSE possia e | ::
m line 20 IF A<16 LRO £
A>16 means A is greater than 16 : PRINT “NO Licky . re
e ——— |5 %™ E POSSIRLE-wien acen | .
* computer comes here | L9C PRINT “JiN1oR '
: ¢ % L i OPFRa ' ‘
Now. look again at the flow chart. Can you think of an ax B Fom une 30 IF A=16. 95 GOTO & FATOR'S LICENSF POSSIRLE™ |
gives the answer NO for all three questions in the dectien oy 100 PRINT "“PROGRAM TERMINATEL"
rds. can you think of an age which is not less than Lo | %€ COMpUter comes here | { 105 END >
16/00hEE S0ESS, EA ¥ > Of ¢ ot Thistes | o hne 15 1 A RUN
equal to 16. and also not greater than 162 Of course not. =0.
us that the third decision box is not really needed.
TYFF O (ZFRO) TO STOF THIS PROCRAM. J .
o TYPE IN APPLICANT'S ACF:?30 4

bove so that it uses

i flow chart a
Exercise 1 Redraw the OPERATOR 'S LICENSE POSSIELE

two decision boxes.
TYPE IN APPLICANT'S AGE:716
ded on one more T JWIOR OPERATOR'S LICENSE POSSIELE
—_ on o sk
Before writing her program. Sue decide on O one
ment. Instead of ENDing the program after checking b::mm“%‘ :’;PE IN APPLICANT'S AGE:714
she decided to have the program “loop” back 0 1P f decision 88 LICENSF FOSSIELE--UNDER AGE
a spCClJ > ;“-ﬂ\“
he typed ! TYPE IN APPLICANT'S AGE170

to avoid having an infinite loop. she put m- ime s
the start which would stop the program anytme® = PROGRAM TERMINATEL
Her new flow chart is shown at the top of page ==
- . 55
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Here are examples of three other kinds of condition, the TéMENT 40: CONDITloN IS i
used in BASIC: A can b sTA e
A>=16 means A greater than 16 or A equa HEN 60 TRUE 1 = -
I >B T SHUE (4
A<=16 means A less than 16 or A equal to 1‘2 18 1, 40 ";_ g:D THEN 60 FALSE :127316) w
A<>16 means A notequalto 16 (on some com g 40! g/8=D/C THEN 60 TRUE WHvonm €qual to 4g 60 "
# can be used instead of . " Uters 3. 40 " THEN 60 ? . 30 s
I <> 40 IF B<>D —_ WHY? 60 e
The condition A>=18 is true if either A>18 or A< g B 4. I p<=2+C THEN 60 TRUE WHY? ) =
an example showing how you might use such a Condili(m eT'e_s 5 =g .
example also illustrates the use of the key word STOP. -+ This 0 IF p/B>=D/C THEN 80 7 WHY? ===
6. %0 IF 3:D<>2+B THEN 80 — 7 Why» % e
70 IF B+D<=C+D THEN 80 2 WHY» N il
START g 20 IF Cc+B<40 THEN 80 _Z__ WHY? ]
! 10. 40 IF B+B>=D+D THEN 80 — _ WHY? "”?T
PRINT TYPE YOUR AGE 10 PRINT "TYPE YOUR ACE." S
«' INPUT A - ——— the
INPUT A 30 IF A >= 18 THEN 60 —— he
| 40 PRINT "NOT FLICGIRLE TQ VO TE™ ire
S0 STOP y)
SA - eigSES ?QP:BTELIGIBLE 60 2:;;41- “ELIGIELE TO VOTE"™ "
| "
?gll:BTgOT ELIGIBLE E . ch
: , 'hxerfcllsleQ Pretend you are a computer and simulate runnin ia
| the tollowing program. It is a ridiculoys program, but it i ag ro-
S10¢ Interesting puzzle. If you do it right, you'l recsive a pleasant 8ly
surprise. (If all else fails, tryitona computer.) ha
‘he
10 LET F=10 T oft
— 20 IF 1B<24F THEN 40 ice
| USING THE KEY WORD [STOP e =i
— e
RU LE The last statement in a BASIC program must be an gg I;gTGf:?S v
END statement. If you wish a program to stop executing at T e "Tl:l g"? THEN 70
any other place, use a statement with the key word STOP-)_ 70 G010 90 =)
80 PRINT "NEVER"
83 PRINT "a"
85 GOTO 60
Exercise 2 Here is a part of a program. At the top 9' page 57.we 90 PRINT "PROGRAM"
give you 10 versions of line 40. In each case, decide if the (;onr; 100 LET F=F-17 3
dition is true or false, and indicate the next statement to whic 110 IF F/2.<= 1:'5 THEN 20
AT " 120 FRINT "EVER
the program will "branch. 130 IF F/2>1e5 THEN 70
140 PRINT "“RWN"
150 IF G#F<25 THEN 165
157 PRINT "SPOT"
158 PRINT "RWN"
160 LFT F=F¢]
165 IF G=F <= F+F THEN 157
— 170 PRINT "CORRECTLY."
79
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ON-LINE

Checl(s to see if
20 problems have
\been done.

If A is the correct 40
answer, GOTO 110. 23

Code Name: /MATHQUQ/

Here is a program that is short, yet it gives a long addition 5
(twenty questions). Draw a flow chart a_nd then RUN it Y iz
might also try changing it to a multiplication quiz.) Ou

C'counts number correct.
W counts number wrong.

READY

The first QUIZ probl—em

+5 LET C=0
[: is to add 50 and 1.

10 LET w=0

20 LET X=50|,—
30 LET Y=1

IF (C+W)=20 THEN 160
PRINT "WVHAT IS"3X3" +'"3Y;
INPUT A r

70 1F A=X+Y THEN 110 Student answer

/

J

PRINTS the problem

i

IF A is not correct,

80
gives correct answer. | |90

PRINT "NO» THE SUM IS";X+Y;™."

Jumps over the
correct-score lines

(110, 120).

Changes X and Y
to give us a new
problem.

ON-LINE ON-LINE

ON-LINE

o
(-]

LET W=W+1
100 GOTO 130 Counts wrong answers,
110 PRINT "VERY GOOL"
120 LET C=C+!

*—*1 Counts correct answers,

LET X=X-2

LET Y=Y+3

GOTO 40

PRINT "THAT'S THE ENL."

PRINT "YOU HAD"; C;' CORRECT AND"; W5 " WRONG."

END

On the Time Share Corporation system, |

Back to give another
problem.

lines 5 and 10 are unnecessary. The

variables automatically have the value
0 to start with.

This is
called
2 Loop.

. is1>10
N P

Perreres
| LET I=1+1

40
GOTO 15

S YES

Let’s discuss a

Nothe
that we wish o ¥ lse

Print the Of the |

The squ: uares o' THEN g,
10. (The square of is ’xqz 1S Of all the Who|c“dlem°"" S
<R, 05
€ could Sayl.lumhcrs from | (:)

10 PRINT 1%
20 PRINT 2+2
30 PRINT 3%3

— Thefe WO

: uld be § 40

100 PRINT 1041 ments here. additiong) State-
110 END

Bu? that’s rather ridiculoys!
which will do the same thing
and program.

We can wii
N write 5 mu
ch sh
s ol Orter progrs
N in the followjng flow fh.:xrrrtI

PROGRAM

[peary  ———————

10 LET 1=}
15 IF I>)g TH

EN
20 PRINT [sp; %
30 LET [=[§l
N 40 GOTO 15
\_Eno: ) 50 END

RUN

1091625364961181 100

\_//’——

Notice that the program would be the same length if we de-

::g:)eld to print the squares of the whole numbers from 1 to ’

]

You can see from the flow chart that the program automatically
repeats itself. This is called looping.

On the next page we shall examine this program in detail.

59
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Y T

| Sets the first (initial) value of |. Since We first check to see if | has gong past Write (OFF-LINE) 5 q Code
| we want the numbers 1 to 10, we set | 10. If it has, we want line 50 (ENp) | physics, mathematig Z program on any < 1 Name; iz,
K equal to 1 for astart. not, we wish to PRINT 11, as in Jing pg u you. You can yse thsé ?Ccounting. ang :“ IS (Music, g,
*, a , Y i ollowin 0 on) ¢ ' "Story
o e 7 |F:1 :‘gg’e”;::g;r:ddpe at leas asgloprogram as an e:; nfglpeals to
eris pri 7 Irecti cand | e. Y,
10 LET I=1 o we then want to increment (inC‘:e;‘stz;j | 5 When you are syre it"s()?: 50 that any0n3c;;s"°“' keep sc:rt;r s
;g ;;I;l;l?#;“:lm >0 by 1 to get the next number. Y. try it ON. g with o Y Pogram &
3 s o afri ;
30 LET I=l+fle— | o ‘ PLE QUIZ PHOGHAM (sample RUN is given on page 62) riend. n
40 GOTO 15 —| Then we branch back to statement 15, ype- sM :
50 END l we decide whether or not to continu‘e o8 ngD‘! e
X 1.
LET 520
‘ ) “PRINT "HERE IS A LIST OF SIX NawEs 1y
Step 15 uses IF ... THEN to rest if we are finished. We put ll PRINT “ASKED FOUR QUESTIONS; ANSyEr EACH tc' Y0U wILL pgw
The END statement test right at the start of this program. (It is also possible 1 pu0u‘r 12 PRINT "CORRESPONDING TO THE CORRECT ] ..I TH THE N UMEERH
is reached only other .places.) Notice that 1F ... THEN provides a neat oy Lit 1] PRINT ::l « BFATLES 2. ENRICo . %
when | exceeds 10. escaping from a loop. In other words, there won't be gn _‘inﬁny“o‘f 17 PRINT "3‘ BOBAISILAN 4« LUDWIG VAN 50 1e
loop. e o sz; 5. JOHANN Se BACH 6+ LOUIS ARMSTSS:SP.*.W““ b
PRI d e
2 PRINT "WHO WFOTE NINE SYMPHONIES?™ F
o —— 2 INPUT A o
SUMMARY. Programs can avoid infinite l00ps by using \ g0 IF A=4 THEN 64 ),
IF... THEN statements together with statements that incre. | g0 PRINT "NO» BEETHOVEN (4) IS THE ANSWER.» e
ment the loop variable. [ 43 GOTO 7C -
It's something like a bus driver who travels the “10op’ shown | 64 LET S=‘5:’1 " s
below, over and over. Each time he passes the starting point ‘ 65 PRINT "RI GHT! ‘o-
he pushes the button to increment his trip counter. He gets oyt | j0 PRINT "NAME A FORMER MAJOR 'ROCK' CROUp. " sy
of the loop and heads for the garage when his counter shows | ag :b;pg:lamm 104 e
>10 trips. 9
nps 100 gg;:'rl'l'r;o. BEATLES (1) IS THE ANSWER." he
103 off
104 LET S=5+1 ce
105 PRINT "CORRECT!" ire
110 PRINT ™A FAMOUS ITALIAN OPERA he
120 INPUT C STAR WHO DIED IN 1921 was:®
130 IF C=2 THEN 144
:23 gg‘xrgrlsgo. ENRICO CARUSO (2) IS THE ANSKER." B
144 LET S=5+1
145 PRINT "“YESII®
i fen e s “satomo-r
R e )
T L
e lg'r;o. LOUIS ARMSTRONG (6) IS THE ANSWER."
184 LET s=s+1
:gg PRINT "GREATI"
PRINT °*
200 IF gag '%;N"ggg SCORE OUT OF A POSSIELE 4 18" §i"."
210 PRIN .
215 g T "HOPE YOU HAD FUN. MAYBE NEXT TIMF YOU CAN [0 BETTER."
220 ol
w . JSEQ! PRINT *
z Code Name-/SEh 20 mp T "YOU HAD A PERFECT SCORE. CONGRATULATIONS!!1"
= Change the preceding program to print out the squares af 4%
2z
© numbers from 10 to 30.
60 - 79

—



Here is a = \
sample RUN =
of the QUIZ ,
program shown | HERE 1S A LIST OF SIX NAMES IN MUSICe YOu yyp \
on page 61 ASKFD FOUR QUESTIONS; ANSWER EACH WITH THE nNywp B |
CORRESPONLING TO THE CORRECT NAME. ‘BER
1. BEATLES 2. ENRICO CARUSO \
“2‘ 3. BOB DYLAN & LUDWIG VAN BEFTHOVEN
5 5. JOHANN S. BACH 6+ LOUIS ARMSTRONG
3 WHO WROTE NINE SYMPHONIES?
75
NO> PFETHOVEN (4) 1S THE ANSWER.
NAME A FORMER MAJOR 'ROCK' CROUF-.
— 71
a3 CORRECT!
2> A FAMOUS ITALIAN OPERA STAR WHO DIED IN 1921 yas,
o ?5
NO» ENRICO CARUSD (2) IS THE ANSWFR.
WHO WAS ‘SATCHMO '?
- 76
z GREAT!
] OK» YOUR SCORE OUT OF A POSSIELE 4 IS 2.
z HOPE YOU HAD FUNe MAYBE NEXT TIME YOU CAN DO BF{ygp,

LET'S REVIEW SECTION 2-6

@ The IF ... THEN statement is one of the most important
statements in programming. It allows a computer program to 23 IF A<4 THEN 200
decide whether the next statement to be executed is the one 97 IF C>=9+A THEN 320
right below, or the one which the THEN part mentions. 126 IF R=S+T THEN 560
Some examples of correct IF .. "THEN statements are shown 516 IF V<>M+I THEN 680
at the right. The parts of the IF .. _THEN statement are:

Key Words

[Line Number | Condition to be Tested
!

120 IF THEN 400

130<|*NO" Line Number

“YES" Line Number

1S .
@® Flow chart rep- THE NUMBERA | TEN GO TO

resentation of the G?j;LEuﬂhg‘é'g‘;” VES | LINE 400 |
- 3W

above 1F
state- NO

TH[;:N [GO TO THE NEXT LINE (130)

ment.

62

S

RN

16
25
36
49
64

2-7 Statements Usi
== e

1!]0 }:()R and NK‘XI " L | P

writing of programs lha. atemen)q

p— : t do ¢
again — 4 the
Il FOR g "8 Doy o 1
duce lots of 0ulpu; €an help yoy Write P S meap
The IF . THE Progr. i
; e N stat 4 that pr.
with loops (see Sage 59)emcm <an alsg pe |, pro
those cases to which "t Usin ¢l 1o wiy
 Ca 0 which it applies : FOR and NEy- € Program,
to print the squares - Let's LIS easier 1

f the > COmpare g;
first ten Natyra] num;:e“g the two methody,
Ts:

—m—

Looping with |
IF. . . THEN |
| EN]

LET I=}

IF 1>10 THEy
PRINT o7 0 ||
LET I=1+) |
GOTO 20 |
END

These two programs do the same thing:
® They both start | out equal to |

@ They both PRINT I*1, and then increase | by |

® They b i
Y both continue to run over and over until finally I reaches 10
@ Then they both stop. |

In other words, both of 3
e of these programs would RUN 5 shown at the

Notice that FOR and NEXT are |
both used in the second program.
They are always used as a pair.

81
100

1307 NEXT wes

63
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We can see the “loop™ in the first program (the one
IF ... THEN) by drawing a flow chart. We can also see th'a‘ Useg
the number 1 gets larger than 10, the 1F statement wijj) m:‘ When
computer out of the loop. OW the

(START )——|LET I= ﬂ!—_'—{

— re e o
LET|=|+1L—>(\|S|>10?,>Y—ES—-—;/END )

Yo
e

| PRINT 1= 1 |

The heavy colored lines show where the looping takes place.
This looping idea works the same way in a FOR-NEXT loop
except that the computer automatically does the ’

incrementing step (LET I=1+1)

and the

testing step (1S 1>107).

Here's a description of the FOR-NEXT version of the same

program.
‘ BASIC ENGLISH
| Let I=1, print I, |
\ go back and get the next 1(=2), print I*], I
20 ::E;ZN‘I::*"I‘O ' go back and get the next I(=3), print 11, !
30 NEXT ! and so on, ‘
N R |
e = until we have finally printed Ix| for 1=10.

1 R-NEXT loops
Are you confused? The above €xp'al oK at FORNEXT loops

nation of FO

is from a computer viewpoint. Let’s

from a human viewpoint.

,__A

o ———

0 descr;
ng Sever| | Scribe whyy reall
ap hi Imes, For ey, y
IS handy five 1 ample
Lwe mjght try mes

1. FOR each Number ¢

Let's write 5 “program
person does sometp; d
want someone tg ¢|

A “'program” thy

happeng when 4
" \UPPOW lh'dl we

on him .
him g the fulfuwing'

Something. et o 8 ‘
. Let i ¢
;- g’ap your handsS Bl o S :
- Go back an ' t
next numb, d_get AT ¢ "
. eris Jreater than it sy e
omeone followmg our “program . i
Would do the following: II
Start with 1 )
Check, i
. i - 1S 1 greater than 52
(1) |CLAP! .
he
e
Go on to the NEXT number; 1+1=p N
Check, is 252 | )
| G i),
(2 lcap ks
ch
NEXT number — , :
ek r—LET the number equal ;,);
Check, is 3>52 -
NO
(3 |cuam i
off
ice
NEXT | — LET I=|+1=3+1=4 e
Check, is 4>57 "
NO
(a) lcLap
>

NEXT | — LET I=l+1=4+1=5

Check is 5>5?
NO

(5) |cLar!

NEXT | —LET I=1+1=5+1=6

Check, is 6>5?
YES
STOP!

If you felt that the above was silly for human beings, we agree.
That’s because human beings are much more intelligent than com-
puters. But now you have some idea of how FOR and NEXT work.
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SUMMARY: The FOR and NEXT statements are used to coypy
for the computer while it does something over and over.

There can

10 FOR I=1 _TO 10 ‘__’—_’_—_*‘ Thisis
be several | |0 prinT 1#1]<——{ | This is like clapping. like
ng.

statements
here.

EEA DY

counti

LOOP 1’"

66

Here's an example which has 4 statements between the FOR and
NEXT statements. These 4 statements are called the body of the

loop.

READY

+10 FOR 1=1 TO 6
20 FPRINT 1,2%1,3+*1

30 IF 1=3 THEN 50 4
40 GOTO 60
50 PRINT "WE'RE HALFWAY THROUCGH'
60 NEXT I
70 END
RUN
1 2 3
2 4 6
3 6 9
WE'RE HALFWAY THROUGH
4 & 12
5 10 15

12 18

|

This is the BODY of the loop.
The BODY is the part of the
program between the FOR state-
ment and the NEXT statement, |
and it is executed each time|

the computer goes through the
loop.

A FOR S[alemenl

« doesn’t p,
following: STUhave 10 giary gy, 1

REALY

10 FOR M=2 TO 5
p0 PRINT M

30 NEXT M

40 END

bW

END
10 FOR M=5 TO 6+
RUN

S

We are changing only line 10:
6

the rest of the program remains |
the same. \J

END
10 FOR M=163 TO 165
RUN

163
164
165

END

o aa

If you were told to count to 10 by 2's, you would say:
2 4 6 8 10
How about counting from 1 to 9 by 2’s:

1 3 5 7 9
Or count from 2 to 11 by 4's:

2 6 10.

Note that the lower number (1 in from / to 9) is the first value,
and the number you are counting ““by" is then added to it to get the
next number. You again check to see if the new number is greater
than the upper limit (9 in from 1 to 9).

In counting from 2 to 11 by 4s, (2, 6, 10). the next number would
have been 14; but 14 is greater than the upper limit, 11, and so. it
is not included.

67
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lkmsme”mWOPMwMQMw
Ward"

We can include a similar idea in the FOR statement by usin
additional key word STEP. 8 the

FOR Z2=1 TO 7 STEP 2 READY 3
means counting from 1 to 7 by 2's. 10 FOR z=10 10 ¢ STE :
20 PRINT z rEl ie
30 NEXT z s.
(RFADY 40 PRINT R Kk Kk kP, K
10 FOR Z=1 TO 7 STEP 50 END AST-0FF¥%txansnpgyyn
2 RWN €
20 PRINT Z il
30 NEXT Z '
40 END
10
RWN 9
8
. 7 he
| : :
s | Steps of 2 5 Py
7 | a /)
g it-
END i),
10 FOR Z=2 TO 11 STEP 4 d i
RUN tf-)nttu '
: 1 *AkkBLAST=0F Fokadok hokokkhok o & Sa
2 \ T \_/”__J .?-
6 L Steps of 4 1: ;'
10 )
- he
10 FOR Z=0 TO S0 STEP 10 oL
RN Notice that wh =
Notice that when you are “stepping backward,” the | o
in the FOR statement comes first: ' e b he
?0 l FOR 2=10)TO 0 STEP -1
ig | Steps of 10 =
40
50 On the other hand, when you are “stepping forward,” the larger
o number comes second:
L/" FOR 1=2 TO(11) STEP 3
Really, then, we can say that each FOR statement determines a
set of values for a particular variable:
NOTE: Unless there is a STEP part in the FOR statemen e ‘ 10°FeR F=] 19 3
(1;8;1';:%1;@' a1ssTu(r)mis r:vr;eanvsa|#1:s szrr:etoasb:Och‘S;aS'; T)(I) 4 determines the set {1,2,3} for the variable F.
STEP 1. o 10 FOR P=2 TO 8 STEP 2
determines the set {2,4,6,8} for the variable P.
69




Exercise 5
Exercise 1 For each FOR statement, write the set of ,,

e follg s
al win,
will be used: 188 thyy ;g Egm:ﬂ TO 34 stEp 9 Program
F w
FOR Statement Variable Set of Valy 30 NEXT g i
ey 1
FOR L=3 TO 9 STEP 3 L (36.9) 40 END u:
FOR G=1 TO 9 STEP 2 G {1357 USING VARIABLES N Fr s.
FOR Y2=3 TO 8 STEP 3 ? L \RIABLES IN FOR-NEXT STATEMENTS n
FOR W=314 TO 817 STEP 200 ? T — Here's a simple Program that wil| pri :
FOR B7=3 TO 16 STEP 5 ? N e each: AWl print out S rows of 10 gyeric o
FOR R=1TO 6 ? I —_— sks i
FOR M8=3 TO 27 STEP 6 ? — 7 READY
5
20 PRINT T
Exercise 2 Now, given a variable and a set of values, write an 3g NEXT 1 he
appropriate FOR statement. ;U‘l END he
re
Variable Set of Values FOR Statement 0
Q {14710} FOR Q=1 TO 10 STEP 3 FEEARE R RK :f)
P {18,25,32,39,46} ? :::::**ut he,:
K3  {200,201,202,203,204} ? s *hany iy
X {111121314151617} _____ ? ""::"" .
N4 {10,8,6,4,2} ? ko o
D6  {3.813,18,23,28} 2 sly
1a
That's simple enough! Now, let's chan
. ) th
Look at the following programs and then answer the questions after follows: ge the above program as he
each program. 5 INPUT R off
ice
Exercise 3 FOR P=8 TO 30 STEP 6 Wi R ' re
PRINT “HELLO" ith this change, we can have different numbers of rows printed e
NEXT P out, Watch:
PRINT "GOOD-BYE"
o RUN =2
How many HELLO's will be printed? - ' .
How many GOOD-BYE's will be printed? ARy Since R=3, line 10 becomes
SRRk £ 10 FOR I=1TO 3 T
Exercise 4 ) REXRK KK KKk S .
10 FOR L=3 TO 19 STEP 4 and 3 rows of asterisks are printed.
20 PRINT L-2 END
30 PFRINT L+2 RUN
40 NEXT L
END
ok Since R=4, line 10 becomes
W ook ok ok X ok
Aok ok ok ok ok 10 FOR I=1 TO 4
Kok ok ok ok isks 2 i
and 4 rows of asterisks are printed.
" , Rk
How many numbers will be printed in all? \*“_‘t:/”‘]

Now, print the numbers out.

Al




e

The best way *o understand why

FOR loops is to RUN the DrOgramt a4 Ccomputer ¢

o
and study the S With nested

Now that we know that we can put a variable in a FOR
let’s change the program again: Matemen a sample RUN:
: output. Here i N
READY Sy
LN S
6 PRINT "HOW MANY BLOCKS OF ASTERISKS [0 YOU WANT"; R % é
6 INPUT T 5.
10 FOR H=1 TO T HOW MANY BLOCKS OF ASTEFISKS LO YOU WwaNT? "
15 PRINT "HOW MANY ROWS OF ASTERISKS L[O YOU WANT IN BLOCK";n; ¢ MANY ROWS OF ASTERISKS D0 YOU WANT m3 ¢
o0 INPUT R % ppkERAEEEE BLOCK 174 e
25 FOR I=1 TO B TEEERRRARE il.
30 PRINT gk kk Rk Rokkx" *,,"*nm*t
2 2T
Y ROW ASTERI |
W B i'gf*:‘f‘:*u SKS DO YOU WANT IN BLOCK 272
e e
MANY ROWS OF ASTERISKS i
:Sruutn L0 YOU WANT IN BLOCK 376 re
The preceding program illustrates NESTED FOR LOOPS, Aq sepaaRaiEy ¥
the name implies, NESTED LOOPS are loops nested, or inchjded\ nun*::: it-
within other loops. In the above program, We have the FOR-NEX'f “ﬂ:::“* s
loop with H, and within that loop, the FOR-NEXT loop with | *:::*"*** n
The two loops work like this: ) i sh
a
0O-
[ sly
11 Do you see that the computer went through the H | § N
(Leaving out the === And, that each time the H loop was executid :lf 1 |0op i he
other steps.) es FOR I1=1 TO R || ! loop H loop. first 4, then 2, and finally 6 times? If you ke L mane p
30 PRINT n"",,"u..:l This is the <1 This is the BODY of the H loop IS the I loo, .th' you keep in mind that the b}
35 NEXT I inner loop. outer loop,| p. this is easier to understand. ce
NEXT H . ire
he
>
When the computer reaches the FOR statement EXERCISES
in line 10, it sets H=1 and then continues, as Run each program BY HAND.
usual, executing the body of that loop. But itjust
so happens that the body of the H loop is another 1. 2
FOR-NEXT loop — the I loop. So the computer - ’ 5N
<~ _ now must go through the body of the I loop, over 10 PRINT " -
> ,{’::'/A V227 and over until | is greater than R (the number of 20 FOR l‘{=ln';ésqls A COMPUTER. FOR W=ﬁ TO 8 STE{»: ?
,,/'/'// o rows of asterisks wanted). ) 30 PRINT "NOTHING CAN GO" PRINY ™8 s
4 @ When 1 is greater than R, the computer skips 4 FOR J=1 TO 3 30 FOR X=18 T0 20
: 77 to the line right aflertheNEXTl,juslusit would 50 PRINT "WRONG" 40 PRINT " * &
in any FOR loop. The line the computer skipped 6.,3 NEXT J :0 :PXT X
to is the NEXT H which returns the computer - BD(T K 0 EIE)L:T W
to line 10 (finally!). Now it sets H=2 and re- D
peats the whole process again.
You might compare this with the way an odometer on an am'l_tlls-
| mobile works. The tenth-mile dial must g0 through all the ten di¢ (Now you'll understand Program 1
' before the mile dial moves on¢ digit. In Section 1-10.) gram -
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S w
- prr i < ; Code Name: /
A SPECIAL TRICK S Write a program (OFF-LINE /GRADE//
REALY , onaquiz. After h ) that plots a bar graph of th
. 3 z : you have e grades
You know that using the semicolon () at the end of a pRiyy | G The output might look Iikr;e{;gcted your program, try it ONg-LiNE
10 FOK 1='1' .1:0 5 statement (so that the computer does not give a new line feeq by <> IS, where each unit is represented i
20 PRINT "% can create interesting effects. We can use this idea in pri ) ' 5 :
30 NEXT I ; Nting .
W0 ENL out rows of asterisks. » RN
Here the semicolon caused the 5 asterisks to be print z L
RWN . ed on -
the same line. \ a
E z INPUT GRADES. y
" ° 7645 S+ TYPE 101 WHEN FINISHEL.
‘. 790
I | 7100
= w 295
z 285 )
[4
_", 755 o
EXERCISES o 7100 .
Run each program by hand, and show the OUTPUT. ;Zg ):
3. a ?175 t-
FOR 1=8 TO 10 «—will print out _?_ lines. z 720 ).
0 FOR J=13 TO 18 «will put _?_ asterisks on 5 ke .
30 PRINT "' each line. z 265 h
40 NEXT J o 770 a
S0 SRINT «We need this PRINT state- 275 ’-
€0 ENDI(:T 1 ment to tell the computer rie1 ly
NOT to continue to print - - 5 a
on the same line. In- s SR?O ;0 f:;TRIEU"O‘“
stead, we want a new line, g 21 TO 40 <x> lfef
41 TO 60 <k><k> “
a. 61 TO 80 CA>CHICKICKICHKD ;e
FOR S=1 TO 10 - 81 TO 100 CA>CH>CHD LRI CK>CED e
FORK T=1 TO S = .
30 PRINT "+" 5 AVERAGE GRADE LAS 72¢6667
40 NEXT T 2
50 PRINT o >
= 2&1 5 If you need some ideas, try running this
experimental program.
3 READY
wz 1 Y
07030 Ly<iY oTo 20 <) 1 PRINT "INPUT GRALDESe. ' J
. By o <7<Y " F 101 TO STOP."
w Code Name: /STARS/ Kmissaency s pabshid 2 gl::‘er Lo TYP
z ) . HEYRUXETD] 61 To S 5
= RUN the program in Exercise 2. BTSN . 10 INPUT G ——
. 20 IF G>100
z
o Code Name: /TRIANGLE/ o5 IF G<70 THEN 10
. i 30 LET T=T+!
RUN the program in Exercise 4. 20 GOTO 10
/ 150 PRINT "70 TO 100%
2 Code Name: /BLOCKS 200 FOR K=1 TO T
=3 . N havind NT "<*>";
'z" Write and RUN a program !hatwnllpnntSrectanQ'esv each 233 5271(7 A 3
o 4rowsof?7 asterisks each, using nested 100pS- 500 END
79
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i SAMPLE
Code Name: ///SPEED ¢ ! w CALCULATION
‘5 AR/1y | = Suppose that the startin
= Write a program (OFF-LINE) to solve the following prob| : il i g speed were 10 mp
Z  Then RUN it ON-LINE. - I
o You are an engineer helping to .desig_n a new type of amuge. 1 SPEED AFTER BOOST
ment park ride. The layout looks like this: Speed=10+.1+10=11
i 2 Speed=11+.1+11=121
W G 2 3 Spged=12.1+_1‘12,1=13 31
= e T - ' ana so on. for 40 boosts. The reason that
;‘_‘ PEPIOIITTR g ‘ we use 40 i§ that we go around the track 10
o a0 times, passing 4 booster stations each time.
w
z
=
z e
The car starts to the left of point A with a certain starting speed. LET'S REVIEW SECTION 2-7
Then it continues along the track, passing “'booster’ stations A,
w B,C,D.thenA, B, C,Dagain,and soon. Every time the car passes ® FOR-NEXT loops are used for repetitive calculations or
Z  station A, B, C, or D, its speed is increased 10% by the gear you looping. There are several parts to a FOR-NEXT loop.
=  see rotating below the track. If, for instance, the car is traveling The loop starts with a FOR statement at the beginning, and
cz) at 5 miles per hour coming into station B, when it leaves B, it ends with a NEXT statement at the end.
will be traveling at 5+.1x5=5.5 miles per hour. ) '
The ride is designed so that the car goes around 10 times be- @ A variable is chosen as a counter (for example. I). and lower
w fore the power is cut and the car coasts to a halt. The designers i{nd upper values are specified for it. A STEP part is some-
Z are unsure as to what speed the car should start. Some say 2 times also included to show how much I should be increased
:,‘ miles per hour, others say 5 miles per hour. To end their dilemma, each time the loop is repeated. For example:
g they turn to you. 10 FOR I1=10 TO 16 STEP
I
First value || Second vm Step value
STARTING SPEED FINAL SPEED [ | step value |
(miles/hour) (after 10th trip around) Thus line 10 says that I will be taken from the set of numbers
5 2 {10, 12, 14, 16}.
1.0 2 Well, now that you're stuck with At the end of the loop, a NEXT statement is always needed. |
1.5 2 the job, what are you going to do? The general format for a FOR-NEXT loop i1s:
20 ? Probably the best idea would beto 10 FOR 1=A TO B |
2.5 - make a chart of the various start- L
3.0 ? ing speeds of the car, and, for each 30 BODY OF LOOP| |
3.5 2 starting speed, show what the final 40 NEXT I |
: 2 Thus,
4.0 > speed of the car would be. e
45 - you want to write a program ! g .
5.0 : complete the table shown at the @ Nested loops are loops within loops
g e e
24 ? left. 10 FOR I=A TO B Body of the I loop |
6.0 * - (outer l@y)
-1
he J loo
w HINTS: You will need NESTED FOR LOO_PS, ‘ " 1 (Bi::gr%ép) p
= The OUTER LOOP will control the increasing starting speec. |
-
; (FOR S=.5 TO 6 STEP .5) y 5
5 The INNER LOOP will calculate the speed after 40 "'boosts. " 60 :E;T I
(FOR B=1 TO 40) . 70

77
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2-8 Storing Programs on Paper Tape

NOTE: This section is not about computer programmin
It tells you how to use a special piece of equipment ca”egd'
the paper tape punch and reader. You can read through thig
section at any time to get the general idea, and then refer
to it whenever you wish to use paper tape.

Why paper tape? As you move along in the computer program-
ming world, your programs are bound to get longer and longer
When that happens, having to type in the same program more lhar;
once (say on different days) becomes discouraging. It would be nice
if we could “store’ our programs for future use, and then later have
the machine type in our programs for us. That’s exactly what paper
tape can do. Let’s see how.

If your terminal is equipped to punch paper
tapes, it may be of the type shown in the photo-
graph. The combination paper tape punch and
reader is on the left side of the terminal. The
punch has a narrow yellow paper tape unrolling
under a panel of four buttons marked ON, OFF,
&, &S ST . B_SP. and REL. Tl.w reader is the part in front
- with the small plastic cover.

Jevvwviels

(e A A A
S A~
R This machine stores programs for us by punch-

ing holes in the paper tape.
A punched tape looks like this:

LEADER PROGRAM TRAILER
S -
o o0
o oo
-
®w
oo oo Ld oo
900000 00OOGOIS O o oeoooe
Code for space 20 30 40
[ Sometimes this row These sralllholesiaire"
| of holes is omitted. not part of the code. |

F_- —

TP s

esssssee seses S0 S00seess .o

Each vertical line is a code for one of the charac-
ters used on a terminal. You don't have to know
these codes — they are automatically “decoded”
back into letters, numerals, and other symbols
when the tape is “read” by the tape reader. The
picture at the left shows you some of the codes.
(We've put the code for “‘space’” twice between
the other codes to spread things out.)

There are four ways in which you can use
paper tape. We shall discuss each one in detail

SAVING PROGRAMS ON PAPER TAPE
WHILE ON-LINE

If you have perfected a program while using the
computer on-line, and want to save it for the
future, here’s what to do on the Time Share
Corporation system (other systems may vary):

1. Type the word PUNCH, press the ON but-
ton on the tape punch (left side of terminal).
and then press the RETURN key. The
terminal will chatter away while the punch
first produces a series of small holes as a
lead-in (leader). Then itwill punch your pro-
gram into the tape (while simultaneously
typing out a copy for you), and finish with a
series of small holes as a trailer.

2. When the computer has finished, press the
OFF button on the tape punch, and tear off
the tape with a quick pull upwards. Notice
the shapes of the tape ends. They are
shaped like arrows pointing toward the
beginning of your tape.
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E] FEEDING A PROGRAM INTO THE COMPUTER
PAPER TAPE WHILE ON-LINE FROM 4. Type In the statements of your program as usual except, at
the end of each line, press in this order
1. Use your regular procedure to get your computer READ
accept BASIC programs. Y to ::e EiTEUESEBE:EY
e

2. Hold the tape with the arrows pointing toward you. Place th
: e

tape underneath the little plastic cover on the tape reader arig On some systems, you may also need to press

press the small holes in the |
in the wheel that moves theetaa(:nir ?c:x:réép%?ev:r lfhe oo el i
3 cover close thg 5. If you make a typing error. you can correct it in one of two
. On the Time Shar i ;

o press the HET%g;rﬁg;étlon system, you next type TAPE :_a!lf\dsérely type a RETURN, LINE FEED, and RUBOUT. and
4. Push the lever on the tape reader to ON and watch the act; then retype the entire line correctly,
5. To SUN the program now, simply type RUN. (If you wishotnd OR

make changes before RUNning it, type KEY fi

g it, type KEY first) b. You can erase a single character by pressing the BSP

(Back-SPace) putton on the tape punch (left side of
terminal) followed by pressing the RUBOUT key on the
keyboard.
To erase two characters, use 2 BSPs followed by 2 RUB-
OUTs, and so on. After you have erased the characters,
then type the correct characters and continue.

6. After finishing the program, press the HERE IS button (or
press simultaneously the RUBOUT and REPT keys) to get
about two inches of “trailer’ tape.

7. Tear the tape off, pulling straight up.

8. Turn off the tape punch by pressing OFF and turn off the
terminal (or press the CLR button).

When you're ready to try your program ON-LINE. follow the direc-
tions inon page 80.

Whenever you make a tape copy of your program, be sure to write
some identification on the beginning of the tape for future reference.

EI PREPARING A PROGRAM ON PAPER TAPE OFF-
(WITHOUT THE COMPUTER) HNE

1. Turn the switch to LOCAL (switch on right side of terminal)

2. Press the ON button on the tape punch (left side of terminz;l)

3. Press the HERE IS key (upper right of terminal keyboard) tc;
produce a "‘leader.”

OR

Press the RUBOUT and REPT keys together (both are on right
side of keyboard) until about 2 inches of tape are punched.
(You should have a longer leader and trailer than those shown
on page 78.)
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[4] OFF-LINE DUPLICATION OF TYPEWRITTEN . '
3

. " ; - RI
The picture below was dru\&:n on a terminal. There ; AL
1o make the computer do this — in fact you shouldyy " Sy,
puter at all .. .just the terminal, after lots of pre use i

limingy ¢ o,

at your desk. The same idea applies to “form" Jeep anqpu“ﬂ|n:
> And g,

ou want to make such a picture, and then 0
co:)fic}; for your friends, you should do it OAFF.LICPr?‘:)“CG SFV:;M
paper tape punch turned ON. The instructions in(p. Ut wig the
can be followed. EXCEPT you can use only methoq Shdge\ 80y
ing mistakes. )

When you are finished, you can then make copies, alsq -
(terminal switched to LOCAL) by merely putting e [FF'F' Ne
paper tape reader, and pushing the lever below the gy : < in gy,
START. The same procedure can be used for duplicay reage, o
of programs already punched on tape. ing |lSting‘

for Corrg,

kK L Y
ARk ERREEE ARk Kk ok g
Ak Rk KRRk Rk gk
ok Rk x kR K
S *
ok BE MY
ok ok VALENTINE
*kk
KK LETY
*kk k%
EE L k%
LT ok
ook kKK
* R R ook ok
LT ok
LT P
ok
*

o
okok g
LT
ok
o

NOTE: Larger computer systems also allow You to save pro-
grams on magnetic tapes or on magnetic discs. The methods
of doing this vary; so you'll have to get the information from (‘
your computer reference manual or your teacher. |

Techaigquses
forthe
Sessonsd
Teaveler

3-1 BASIC Bulldozers

This marks the mid-point of our tour, and congratulations are in ord_cr_
You can now handle input (INPUT), output (PRINT), br.anchmg
(GOTO), conditional branching (IF ... THEN), computing and
storing numbers (LET), and looping (FOR-NEXT). Thcoreftlcally.
just about any programming problem can be handled with this
fundamental set of key words.

Of course, it’s also “theoretically” true that one can move any
amount of earth with a shovel, given enough ambition. However, in
practice there are times when having a bulldozer available can make
life much more pleasant.

This is the bulldozer part of the book — the place where advanced
features of BASIC will be explained in order that complicated pro-
gramming problems can be handled without backbreaking labor.

‘We will explain eight of these special features as follows:

T
|

| FEATURE ‘

SOME APPLICATIONS OF THE FEATURE

Variables with [
single subscripts \
REM

|

| Variables with \
‘ double subscripts “
TAB |
\ READ — DATA |
[ Library Functions ‘
Computed GOTO ‘

GOSUB — RETURN

Especially helpful in handling lists of values (these are called
arrays).

A key word used to introduce descriptive comments into a
program.

Useful in handling values stored in tables (these are called
two-dimensional arrays).

Used for printing special output patterns.

Key words used to get lots of input into the computer
Used to do the work of many statements.

Used to replace a group of IF .. . THEN statements.

Key words used to shorten programs that use similar groups
of statements in several places.
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3-2 Subscripted Variables; [DIM] and [R\E@

" int we have been getting along pretty wej| w:
kUideO‘;PfaEZLl;e names. One is the single letter: A, B."C\.N_",h twp
The other is a letter followeq by a single f{lgll;. Ao‘f‘]' A2 7
B1, B2, ..., and so on. Let’s call these Ordl_nary variable na}nc"
But, as our programming gets more complicated, we'|| B ims.
trouble very soon with just “ordinary variable names. Tq Shon, lhi:

let's use an example:

TAKE-A-CHANCE-INTERNATIONAL AIRLINES J

Suppose that TACI-Air has one flight each d?]y of a 31-day —
and that there are three passenger seats available on each pline
We want to run a reservation office —a place where a person c,,
request a seat for any day in the month.

TAKG-5BCHANEE INTERNATIONAL ARWAYS |

A

Well, we can set up a board like this:

MARCH
L2] (<] 5]
& =3 D=3 E=3
o] KKl 12 |
J =3 K =3 L=3
E2 [z [is]
Q=3 3

A is the name of the variable where we store the number of
seats available on March 1; B is for the seats available on
March 2, and so on. When we start, we let A=3, B=3, and
so on. If a passenger requests a ticket fqr March 1, we look
at our board, say OK, and sell him the ticket. And then we

change the value of Ato 2.

e
[
\
\

Let's try automating our system so thgl any
ticket office in the country can use a lermlna} 166}
reservations. A program to do this might

make

start out as follows:
10 LET A=3
20 LET B=3
30 LET C=3
40 LET D=3

Hold it! Do you see that we'd need 31 LET
statements just to assign the starting values for
each day? That’s one of the problems with
“ordinary” variable names — we have the job
of not only choosing the names but also storing
values in the locations they label one at a time.
Just think, if we were doing the airline reserva-
tions for the whole year, we'd need 365 separate
LET statements to assign starting values!

Another trouble with “‘ordinary” variable names in this example
is that they're not very logical; why should A stand for March 1. or
P for March 16? So we need a way of naming variables where the
computer could help choose the names and where the names would
fit our situation a little better.

Let’s look at the situation a little more closely.

Ndua

We could invent As any calendar shows, a month is a collection
a shorthand of days — March is a collection of 31 days.
notation calling We refer to a specific day in March by its number,
this M(31) for instance, March 12 or March 27.

In a similar way. we can set up a collection of computer variables.
This collection is called an array; arrays also have names: the ‘M
array™ or ““H array,” for example. And (just as with months) we

'} can talk about a specific member of the array by using an array name
| followed by a number in parentheses. for example, M(8) or H(12).
1 These symbols are called subscripted variables (the number is the
! subscript):

Single letter | SUBSCRIPT|
ARRAY NAME [ ’

M(8)
M(8) is pronounced ‘M sub 8.
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N\ smarriva wiTH
/ : %

r——_—‘

—
) NEED 100
ARIABLES

"

One of the best things about subscripted variab)
help the computer keep track of where things are
because the computer “knows™ that M(8) is the 8th
array M (just as we know that March 8 is the 8th g
Also, just as we know that there are 7 days of March
the computer “knows™ that there are 7 members of the M

€S IS thy
Stored, Th

membefofg‘
ay of Mary
before Marg

before M(8). We'll soon see how useful this is. But firs Iﬂ,sn%h

A CRUCIAL DIFFERENCE

H8, an ordinary variable, is not the same as H(8), a sub-

scripted variable. The difference is something like 1y

between the name

This is like an ordinay

variable. “Eight' s

just part of this mns
name.

HENRY EIGHT

and the name
HENRY THE EIGHTH

This is like a subscripted variable. The name tells
us we have a whole collection of Henrys (who were
Kings of England), and that this man is the eighth
l one —the eighth King of England named Henry

=

. 1 b.

By the way, there is one similarity between ordinary e ;‘;ur
scripted variables — both store values. That is. M(8) is aiﬂb‘
4 memory location which can store a value (for example: 420

Most comp

uters have enough storage room for arrays with quite
However, it is up to us, in our programs, to indicate
f the array we’ll need. For instance, in TACI-
one for each day of March. We warn

subscript larger than 10, you must use a
After warning the computer, we can use the

e all of this by writing the complete TAC!-Air_ pro-
tion board that uses subscripted

M©6)=3 | M(7)=3 |

.,":.3"! a few members. :
e how many members of
o) Air, we'll need 31 variables, 1
i the computer that we’ll need 31 by saying
M1
iy’ 10 DIM M(31)
Ms‘s:l
wiio (Anytime you have a)
Ve 31 tatement.
M(18) DIMension stat : :
el subscripted variables anywhere in the program.
M
'r‘(m) Let's illustrat
.2‘&2:-.‘)’ gram. First, let’s picture a reserval
M(26) variables:
':‘((23;) MARCH
M(2
M (30)
M(@31)

The warning to reserve 10
enough space. gg

This says that there
are 3 seats avail-
able on March 8.

M(1), for the 2d day in M(2), ..
and so on. That’s logical, isn’t it?
Here’s how we do this in BASIC:

S E—. S ‘

M(1)=3 | M@)=3| M@)=3 | M@#)=3 - M5)=3 | =

W@ =3 | Mo)=3 | M0y =3| M11=3] M12)=3| M(12)=3| M4 =3

This time we have stored the number of seats for the 1st day in
., for the 16th day in M(16), .. ..

DIM MC31)
FOR D=1 TO 31

LET MC(D)=3«

The trick is to write
30 LET M(D)=3

and ask the computer to
make D=1, 2, 3, ..., 31.

We can now assign our 31 starting values with only 4 statements!
Here’s the complete reservation program.

READY

10 DIM MC31)

20 FOR D=1 TO 31
30 LET M(Dl=3

40 N

EXT D

SO0 PRINT

60 PRINT "“TYPE
70! INBUT Do THE DAY IN MARCH REQUESTED AND THE NUMBER OF SEATSe"

80 IF MCD) >= N THEN 120

90 PRINT "SORRY» ONLY"SMEDI:" SEATCS) AVAILABLE.*

110

120 PRINT "R

130

PRINT *
GOTO so

LET MCD)

FOR MARCH"; D} s MAKE ANOTHER REQUEST."

ESERVATIO - -
TorRvar N OK=--1SSUE"3N3" TICKET(S) FOR MARCH®3} D} *e "

140 PRINT “STILL*“3M( D13 "
3" EMPTY SEA Mk
IS0 PRINT *NEXT REQUEST PLEASE"S‘ T ON mARGHTy D

160
170

GOTO so
END

A RUN is shown on the next page.

This line checks to see if ther
are as many seats left as yo
wish on the day you requested
(M[D] is the number of seats lef
on day number D.) If there are,

then the ticke
agent is autho
rized to issue a ticke
(line 120), and the num-
ber of seats available|
is reduced by N (line
130).
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D s

TYPE THE DAY IN MARCH REQUESTED myp rp el

75,2 BER op N
ION OK--1SSUE 2 TICKET(g s 1
BTILL 1 EMPTY SEATCS) ON mManc s, TOR Mancy g 70 LET Q(24>=130
NEXT REQUEST PLEASE. ‘ 80 PRINT MC1)+MC3)
RINT MC1+2)
PE THE DAY IN MARCH REQUESTED ay | 90 P
! 10N OK--1SSUE 1 TICKETC > T Nonegy OF gy 1ea PR‘:'}: Z: z:;r;.cz:
"SERVAT. e Sy
’s‘ﬁu 2 EMPTY SEATCS) ON MARCH 1g. R MARck 18, s, 110 PRI

NEXT REQUEST PLEASE. 120 PRINT QCa)*Q(6)

|

130 PRINT ©@C10+14)
TEPR THL DAL JITNARSI RRGUESTED Mo ik migg J 140 PRINT MC28-25)
ok ER o 150 PRINT MC6-4)

RY» ONLY 1 SEATCS) AVAILABLE. su,'|

sm:on MARCH Se MAKE ANOTHER REQUEsT, ¢ [ 160 PRINT 9:2“15’;(6)
170 PRINT © 4
m: THE T T TARGY NESGRSIER men iy NMpg | 180 PRINT MC2+41)+4M(3=1)+QC(8-4)+QC3+3)
6.
RESERVATION OK--1SSUE 2 TICKETC I3 R OF spuyg, ' 190 END

STILL 1 EMPTY SEATCS) ON MARCH g, UM MARCH ¢ - —]

NEXT REQUEST PLEASE.

TYPE THE DAY IN MARCH REQUESTED anp ‘
3 THE NMppy

END OF Stars, “ Another useful statement is the REMark statement. REMark
statements are placed in a program to help other people understand
a listing of the program. REMarks are not printed during a RUN —

——— only during a LIST. For example:
We decide to stop the npr
Share Corporation lnstan;:izl;: On Time LIST
CTRL and G together, followpg e % |
_ . L 10 REM PROGRAM TO FINL AREA OF CIRCLE
Notice t}l;a{j::s prlc‘)gram doi‘s not keep a regrg OFthe reserys, §g EUE 5 N THE BADIUS KIN REETH %
from one to the next. m acti ations INPUT
page 131. O Practical program s iye 40 ngr ti'ARE:A IS5 3. 141 59%FR4R;5 " SQe FT."
There is another interesting feature of subscripieq T zg T THE NIMBER 3.14159 IS *PI.*
you should know about. It is OK for the SUSCript 10 be any ::\ at ENE
sion, that is, a combination of variables and numbers joined \s“].[:i:- END
operators *, /, +, —, and 1. Ls RUN
EXAMPLES: X(K+1), X(K-1), B(2+J+1)
. _ TYPE IN
Exercise 1 In each row, find which variable name or names are AREA 1S ;?E' ?gg[gg_ ¢ !l;l’\lr FEET):?10
the same as the underlined name. For example - \J

G(12) G(4+3D G(14) G12 G(2+6)) G(12+10)
M9 M(9) M(2+45) M M(4+5) M9 M(16-7) Exercise 3 Si i i

P(3) P(6-3) P(3) P3 P(1+2) P(4-2) P(27/9) imulate RUNning this program:
L(4)  M(4) L(1674) L4 L(1+1+1+1) L(128/32)

Z(16) Z(160/10) Z16 Z Q(16) Z(256/16)

10
REM PROGRAM TO PRINT SQUARES OF ANY S NUMBERS

20 PRINT
30 FOR |=1T¥OPESIN 5 NUMBERS, ONE FOR FACH *7 'g e

. . 40 INP
Exercise 2 Simulate running the following program: so UT Nc1

e NEXT 1
PRINT e
2 Ly il 0 FOR key g0 g U BERS™s "SQUARES OF vous NUMBERS*
e 80 PRIN
30 LET Mc2)=8 %0 NEXTTKN(KnN(x)*N(K;
40 LET MC(3)=16 100 Enp

LET QCa)=10 L”"__\j
LET Q¢6)=20 \

e 89




Exercise 4 Simulate RUNnRing this program:

10
20
30
46
50
60
70
80

90 NEXT J
100 ENL

REM PROGRAM TO GENERATE 10 FIBONACCI NUMBERS

LET AC1)=1

PRINT AC1)3

LET A(2)=1

PRINT AC2)3

FOR J=3 TO 10

LET ACJI=ACJ=1)+ACJ=2)
PRINT ACJ);

NOTE: Fibonacci was a mathematician born in Pisa, Italy, in |
1180. The numbers named after him are still used today in |

higher mathematics. |

Code Name: /TRACK1/
Suppose an athlete can run the 100-yard dash in 12 seconds.

w
£ How fast is he going in miles per hour (mph)?
z
(o] —
‘ Well, 100 yards=300 feet=300/5280=.0568 mile.
And 12 seconds=12/3600=.00333 hour.
g So his speed is D/T=.0568/.00333=17.0455 mph.
=
z
o
That's a lot of arithmetic, especially if we want to do it for a list
of athletes. Let's use the computer!
w
=
—z.‘ On the next page is a program which prints the speeds for as
o Many runners as you wish, and then gives the average speed.
After studying i? and the sample RUN, see if you can modify the
w Program so that it prints the average of only those athletes you
§ specnfyA For example, you might want the average of the three
2 'hlghest speeds (that is, athietes 2, 4, and 5). Can you do this by
F etting the user INPUT the subscripts of the variables he wants

averaged?

RFATY
yoo 1M 10200
1 Lt‘{vrguou wewy TRACK TIMES' [O YOU WISH TO ENTER (<20)>":
je0 PFID .
190 (INPUL N F1ER EACH ‘2 ENTFR A TIME (IN SECONIS FOR THE"S
140 PRINT DASH. |

+ 100-YARLD 8 -
150 FEil-1 o N S is used to find the SUM
108 PRINT "::";"-”F #5518 of all the 'times.” The
im0 WFVS Sercrd average time will then be
S0 NEXT I S/N.
g10 PRINZ » NI SPEFLS:"

ARE THE TIMES A
e .P,:::-TI :::::Enz yenwTIME CSECONLS)*s "SFEEL (MILES PER HOUR)®
230
1=1 TO N
:3‘5'8 :g?NTEI'T(l]p(300/5260)/(‘l(l]/3600)
260 NEXT I
NT

% i::NT wIHE AVERACE TIME WAS'™: S/N3 ' SECONDSe "™
522 PRINT “THE AVFRAGE SFFEL WAS € 300/ 52505/ CCS/NY/ 360003 " MFH. "
300 ENL
RLN

HOW MANY TEACK

AFTER FACH

ATHLETE # 1215¢

ATHLETE ¢
ATHLETE # 3714
ATHLETE #
ATHLETF #

HERE ARF THE TIMES ANL SPEEDS:
TIME (SECONLS) SPEEL (MILES PER HOUR)

529.8

ATHLETF #

1
2
3
4
5

THE AVERAGE TIME WAS 125 SECONTS.
THE AVFRAGE SPFFI WAS 16« 3€36 MPH.

+2 * ENTFR A TIME (IN SECONLS) FOR THE 100-YAFI LASH.
<]
271240
1
4?2113

*TIMES' IO YOU WISH TO FNTER (<20)7°%

15«3 13« 369
12 1 7. 0455
141 14.5068
113 18.1014
9.8 20.872

Code Name: /AIRLINE1/

Run the TACI-Airline reservation program for several customers.

Code Name: /AIRLINE2/

Add the following statements to your airline program and see
what happens (type 0, 0 as the last INPUT):

75

162
164
165
166
168

IF D=0 THEN
PRINT

PRINT “SEATS LEF
FOR D=1 10 5, EFT FOR THE MONTH OF MARCH ARE (LAY, SEATS):™

PRINT DiMCD)3* o

NEXT D

162

91
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110

120

130

140

150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
RUN

B o

Code Name: /ISORT//

l:::tessaa gﬁod example of the value of subscri
collection of numbers into as i

After studying the pr oot g

similar program to
order.

\ 0 [
pts. This program

o
- =
(increasing) order
ogram and running it, see if you can wrileé

put numbers into descending (decreasing)

PRINT "PKO(RAM TO SORT A LIST OF

LIM Ltio0)
PRINT

PRINT "HOW MANY NUMFERS ARE 3
INPUT & TO BE SORTEL':

PRINT “TYPF IN THE LIST OF NUM s -
Fow 1a1 il PERS ONE AT A TIME:

INFUT LCID
NFXT 1

FOR X=1 TQ
FOR J=1 TO
TF LLUY <=
LFT T=LLJ)

LET LLJI=LLJ+1)

NUMEERS INTO ASCENLING ORIER'

N=-1
N=K

3-3 Two-dimensional Arrays

L{Ju+1) THEN 250

A new mayor of Ashbank has just been elected. One of his main
This is the tricky part,

campaign promises was to make Ashbank a safe place in which to
live.
His first directive is to the police department — cut down the
- It swaps the number in
Vol Lhosanss L(J) with the number in
NFXT K L(J+1).
PRINT

PRINT "“THE SORTFL LIST ISt1*™
FOR I=1 TO N

PRINT LCLI)»

NEXT I
END

number of traffic accidents. So the police commissioner’s first move
is an order to his computing division — get statistics on the number of
accidents at each intersection.

Let's look at a map of downtown Ashbank and help ABC (The
Ashbank Bureau of Computing) analyze the problem:

aD & o an a|m [gm1] am
A on W D ) op = 2 (W am
5 FRS INTO ASCENLING ORLEF @ —_—
PROCRAM TO SORT A LIST OF NUMRERS 1 ﬁ g ——
HOVW MANY NUMPEFRS ARF TO PE SORTEIL?S @ ana
TYPE IN THE LIST OF NUMPERS ONE AT A TIME: 3d Street l
23.95 @ a
Td. 68
79/.32
20 7R 2d Avenue (] aD
2125 [« ]
THE SORTEL LI1ST ISt .5 5 =
- I8 3.25 4. 68 12¢5 ® B 3
= p=3 e
» b &
@ el —
- ~ ]
3d Avenue a
[1x N3 oD

First, we’ll need an easy way to refer to a particular intersection.

Second, we'll have to be able to associate the number of accidents
at the intersection with the name of the intersection.

We could letter the intersections with single letters, or we could
use subscripted variables. Which shall it be? Well, the downtown
area is rapidly expanding — so our method should make it easy to

add other intersections in the future. Also, the streets already have
numbers — why not use them?

ith the program
ine the //SORT// program with U
SRS ?‘l?l;.nlfclrl»‘(ﬂ to put the athletes' records in t:t:hzrndfg
d so on, an
irst place, second place, an
Zfivie‘rfhep average time for the first three places.

o2
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_With these facts in mind, we could refer to the intersectiong b
name, and then gijvyi ;
STREET name. The i b )

ntersection in our p; 2
heavy dot is *3q AVE and 3d ST.” PoiNES: maat

3d ST. N(1 »2) rep
AVE and 2d ST angd SO on.

Just as with sin
variables store value.

gle-subscript variables,

s. Soif, in the past year, 23 accidents have t
place at 2d AVE and 3d ST, we B

the double—subscrim
can say:
LET N(2,3)=23
If 21 occurred at 1st AVE and 2d ST, we can say:
LET N(1,2)=21

) We can think of these storage locations as if they were arranged
In a table. The contents are the numbers of accidents at each
intersection.

1st Street 2d Street

3d Street

[
‘ 1st Avenue 46 accidents \

21 accidents \ 72 accidents
] R ‘
2d Avenue

3d Avenue 16 accidents

—

13 accidents \ 28 accidents | 23 accidents [

18 accidents \ 34 accidents

e,

The usual practice is to enter these numbers into the computer by
rows, that is, in the order:

46, 21, 72, 13, 28, 23, 16, 18, 34

The best way to compare the safety of the different inte_rsectior]s
is to find each intersection’s percentage of the total _accndems in
Ashbank. If we found, for instance, that one intersection has 37%.
and another has 21%, then it would be clear that the former for
some reason is much more dangerous.

So we write the program shown on the next page.

READY

T46
721

r72
713
728
723
716
718
734

AVE
AVE
AVE
1 AVE
2 AVE
2 AVE
2 AVE
3
3

-

AVE
AVE
3 AVE

R

NUMEER OF ACCIDENTS AT EACH INTERSECTION™
10 PRINT "TVFE N O 1ST AVENUE AND 1ST STREET. 1ST AUENOE ap-
20 PRINT #2D STREET» AND SO ON+"
0 LET T=0
50 FOR A=1 TO 3
60 FOR S=1 TO 3
70 INPUT NCA,S)
g0 LET T=T+NLA»S]

90 NEXT S
100 NEXT A
110 PRINT

120 PRINT * AUE  AND  STREET","2 OF TOTAL"
130 FOR A=1 11'3 g

1
}‘;‘3 :?a?ni?m" AVE AND'"3S3" ST ", (NCAsS)I/T>%1005 4"
160 NEXT S
170 NEXT A
180 PRINT "
190 PRINT "1ST AVE'S PERCENTAGE IS™3 (N(
200 PRINT "2D AVE'S PERCENTAGE IS5"5<N(2s 11+NC 25 21+NC 2, 3) 3/ T4 1003 2. »
210 PRINT "3D AVE'S PERCENTAGE IS"3(NC 3., 13eNC 3,23 +NI 35 313/ T8 1005 1.
220 END

TYPE IN THE NUMBER OF ACCIDENTS AT EACH INTERSECTION
IN THE ORDER 1ST AVENUE AND 1ST S
2D STREETs AND SO ON.

IST AVE'S PERCENTAGE
20 AVE®

ERCEN TAGE
Sbiaveis o 1S 23.61623.

2

1o 1I4NC 1, 2I4NC 1, 322/ T#1005 %"

TREET. 1ST AVENUE AND

AND STREET
ST

2 OF T0TAL
AND 1 16.9 7422
AND 2 ST 7+ 74908
AND 3 ST 26.56833%
AND 1 ST 4+ 797052
AND 2 ST 10+ 33213
mg i‘ i; 8.48709%

5+90406%
AND 2 ST 6. 642073
AND 3 sT 12.5261%

IS S1.29151.
s P ki

ERCENTAGE 1§ 25.0923%.

You can see that Ist Avenue clear
50% of all the accidents in Ashbank. There should no longer be any
da#ﬁt that 1st Avenue needs some traffic lights.

. '€ most complex parts of the program are the t
in lines 50-100 and 130-170. . weated FOR loops

ly has the most accidents — over

o
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Let's make 4 table to see how the nested FOR loops we Kk
Tk,

3-4 Using |TAB |in PRINT Statements
FOR A—1 ,AQ 5 If you're bored with numbers, PRINT TAB is the answer! PRINT
\ )
FOR S—1 N(1.1)

st AVE and 1t ST
-2 N(1,2) 1st AVE and 24 ST

TAB allows you to make graphs, draw designs, plot curves, and,
generally, to have fun.

Here's how it works: You have to tell the computer two main
=3 N(13)  1st AVE ang 3d ST th"‘iSZWhat to print, and
FOR A—2 ® Where to print it.
FOR S=1  N@21)  2d AVE and 1st ST REALY
=2 N(2,2) 2d AVE and 2d ST
-3 N(2,3) 2d AVE and 3d ST
FOR A—3

FOR S—1 N@B,)  3d AVE and 1st ST
=2 N@2) 3d AVE and 2d ST
=3 N@B3) 3d AVE and 3d ST
Line 80 finds the total number of accidents in Ashbank.
Line 150 prints the percentage of all accidents happening at each
inrersection.

And lines 190-210 find the percentages of accidents by avenues.

Code Name: /ACCIDENT/
Change and RUN the above program for a town that has 16

. Wi What to print
i | g‘jgw TAB(B3 ™™ __ Where to print it
]

il

012345678
!—\.\f mn 8

The 8 is the number of a space on the terminal paper. The terminal
paper is thought of as having 72 spaces, or columns, numbered
from 0 to 71.

Statement 10 above tells the computer to go to column 8 and print
an asterisk (*) there, The statement

10 PRINT TAB(14);"*"; TAB(20);" "
i dangerous intersections (4 streets and 4 avenues). would print two asterisks, one in column 14 and one in column 20.
z That's the general idea; now for some specifics:
< ‘ 1st Street 2d Street 3d Street \ 4th Strest |
g L T \ m You can print anything at the specified position: Nonnumeric
1ol VBTG Yaccidents | Saccidents ‘ 6 accidents \ 2 accidents | characters must be placed within quotation marks; numbers do
| % { not need quotation marks.
- k 24 Avenue 2 accidents | 14 accidents \1 11 accidents ‘ 9 accidents |
z \ i | 5accidents | 3 accidents | i
- ue 2 accidents 4 accidents acciden \ |
5 l 3d Aven | N '] - 10 PRINT TABC1S)j "sxkssr
o H : idents | 2 accidents \ 0 accidents | 20 PRINT TABC15);“HELLO THERE" Th i
\ 4th Avenue | 1 accident \‘ 3 accide \ ; 30 PRINT TABC1S)) g s ese are .ntxrr'neruca!
40 PRINT TABC)ayse e e expressno.ns, ey do
‘ 50 END not require quotation
; s R
r Just as with single-subscript variables, the double-subscript | R

variables must have DIMension statements if subscripts
greater than 10 are to be used. Suppose, for example, you

marks.

I—\_\*ﬁ

This is column 15,
Rk

HELLO THERE
\ 7

wanted to run /ACCIDENT/ for a town with 15 avenues.and
20 streets. Then you would need to add the statement:

1 DIM N(15,20)

WARNING: Since this requires 300 memory locations, it “

might not work on some minicomputers.

N ——

Notice that the computer will always leave a
space in front of a number for a sign — either
positive (+) or negative (—). But it does not print

a + sign, only a - sign. Therefore the 7 is actually
printed in column 16.

97
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A variable can be
US
I X equals 10, 1 e Computer whee (0 iy

_‘\‘-
PRINT TAB(x);-::l
means the same as:

PRINT TAB(10);"+"

1f M equals 64,

PRINT TAB(M);"s"

means the same as;

PRINT TAB(64);"+"

You can also specify several columns in which the computer is
to print. (See the next example)

Once the carriage is in a position, it cannot move backwards

(the terminal has no backspace); only TABs to further positions
along a line will be carried out. For instance:

READY
10 PRINT TABCS5); "™%"; TABC(10); "+ TAB(15); "="
20 END
RUN
Column 5 10 15

If you use a decimal number with TAB, only the whole number
part is used:

PRINT TAB(19.788) is taken to mean PRINT TAB(19)

To show you what's going on, let's use an example. Onsi Se!mlg':
design for the computer to print is a tree. On the next pag
LISTing of the tree program and a RUN.

e

L 98

The first FOR loop will cause the computer 1o print 10 pairs of
asterisks. The positions of the two asterisks in each row are:

| TAB(35-1) TAB(35+1)
1 34 36
2 33 37
3 32 38
4 31 39
5 30 40
10 25 45

READY

10 PRINT TAB(35); ™"
o0 FOR I=1 TO 10

30 PRINT TABC35-1);"#"} TABC35+1);"s"
&0 NEXT I

50 PRINT TABC35-1)3 "sassssssssssssssnnsres’s_ | TS is the bas
R M of the tree.
70 PRINT TAB(GG);"+";1‘AB(37”“+1

80 NEXT I This prints the
90 PRINT TABC33);"+++++" tree trunk.
100 END

RN

LR E LT T T Ly
+ 4+
+ .
+ o+

Code Name: /TREE/

Modify the above program to print a tree that is about twice as
tall as the one shown.

ON-LINE

Q99



-LINE
-LINE ON-LI
ON-LINE ON-LINE ON-LIN
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Code Name: //BRagg,,

m that makes 2 graph’’ of the distance it 15
Write a progra

: sy
s les per h
i : 10, 15, 20, . . 80 mi P our. s
if it is going % o
car to stop !

the formula:

Here's @ sample output:

RWN

ous SPEEDS
£S NEEDED 70 STOP A CAR AT VARL
D1 STANC

AR LENGTH)
TANCE CEACH *+ REPRES?:IE.ONE Ci
*rs
SPEED 00'00t5£§000.0000400..'000
+eeee

PO A AR s SRS LS

-

rerrs
0000000‘006000000000000000000

P e s RS2 S A A A A AR RS AR A

\f you need some help, first try this simple program:

5 LET $=40
10 LET D=5S+S*.01

20 PRINT S;TAB(D+3);"*"
30 END

3-5 and Statements; |RESTORE

we've discussed the INPUT statement (page
getting data (values) into a p

statement, the computer types
value. After you type it in and
then uses that number in its calcu
data which won't change from RU

the READ and DATA statements.

37) as one M!L\‘;
rogram. When you use the l}‘:w
a 7 and then waits for you w}w -
press RETURN, the }0"“90“4
lations. But, if you hufe‘-‘k‘:l,

N to RUN, there ® r:nl'*"

g -« method?

method for getting information into the computer. This

READY

10 READ AsBsCsD
20 LET X=A*BxC+D
30 PRINT "X ="3X
40 DATA 25354510
SO END

RWN

X = 34

Look at the program at the left below.

How did that work? The keyword READ tells the computer that
some variables follow which don’t have any values as yet. To find

their values, the computer searches for a DAT A statement where the
values are listed.

So, in our example, at line 10, the computer “sees’ the keyword
READ, and then the A; it searches for a DATA statement, finds it,
and then stores the first value in the DATA statement in location A,
10 READ A, . ..
20

30

40 DATA

Values for B and C and D are found in the same way.
10 READ A,B.C.D

% ol

\;’hen finished with line 10, the computer has given A the value 2.
the value 3, C the value 4, and D the value 10, At line 20, using
A, B, C and D, the value of X is calculated (X =2=
Look at this program:

3s4+ 10=34),

REALY

10 READ F., GsHaM
20 PRINT F+C+H+M
30

F equals 23
DATA 23,32,10,1

G equals 32

40 END H equals 10
RUN M equals 1
66

o

A

101
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There are several interesting variations Possible with RFA[)
DATA statements: .

1. We can have more than one READ statement for

o
statement. The various READ statements

Ne
use the y, DATy

a|ue5 i
by one. When avalue hag b n
the DATA statement one : cen i
it cannot be used again (unless you dp some(h.ng SPecia gg
explained on page 104). For example:
. Here's what happeney.
10 READ A»B 10 READ AB
20 \
20 PRINT A+B \
30 READ C»D 30 READ co
40 PRINT C+D 40 ,j 1
S0 DATA S»10515520 50 DATA A y@,(_zg
60 END 20
RUN
15
SE—

2. We can also have several DATA statements.
to the computer where the DATA stateme
the program, or how many DATA statements ar_e used. The
computer combines all of the DATA statements into one big
list of values, which will be used one by one by the READ
statements. So

50 DATA 2,345
is the same as:

50 DATA 2
51 DATA 3,4
52 DATA 5

It does not Matter
nts are locateg in

Query Is

50 DATA 2
51 DATA 43
52 DATA 5

the same as the first two examples?

i i rder as "
Answer No, since the numbers are not in the same o

the original DATA list.

" A

READY

READ A»B

;g PRINT A+B

30 READ C»DsE
DATA S

:g PRINT A+C+E-D

60 DATA 10

70 DATA 15,20

80 DATA 25

Here's another example of several RE

AD and DATA statements
in one program:

READ A.B

READ [

C.DE
DATAB)
DATA (0)
DATA 5),
DATA

10 READ AsB

20 PRINT B-aA

30 READ C»D.E

40 PRINT C*D*Eep-p
50 DATA 1,4,5,2

RUN

3
1003

READY

10 REap 4,5

20 REap ¢

30 PRINT A+B+ G
4 pATh s, 10
S0 EN

RUN

ouT oF DATA

IN LinNg 20
\ The moral s

90 END
RUN
15 3. Two other possibilities can occur:
25 a. One is that there are fewer variables in the READ state-
. ments than values in the DATA statements In this case,
only the values in the DATA statement needed by the READ
statements are used.
READY

READ A,B

READ @Li} C.D.E
0+10,97 33 DATA é) 25@.97.33
60 END

The 97 and 33 are never used.

_ i . If the
at it needs more values than are provided,
it halts the RUanng of the Program, and types a message
that says: “OUT OF DATA." For example:
READ A B
READ 1 1 ¢
N U T 8
DATA &) (0"
that the

programmer muy

Variables ang ch, if that's what

St make sure that
data mat,

he wants,
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4. It is possible to use the same data over ang ow

b EXERCISES
1 Dy us; ;
RESTORE statement. The RESTORE statement jg ga:::uli Simulate running each of these programs,
useful when the same data is to be used at Severg| Dlace:r-l
the program. Here's an example: " 10 LET A=12
20 PRINT A
30 READ A»B
READY R— 40 PRINT A*R
' e 0 DATA 8,10
10 READ AsBsC m&@,'ﬁ\e data, = D
20 PRINT "TOTAL COST IS"3 e
30 PRINT A+B+C3"." s ‘
40 PRINT “SEPARATE COSTS ARE:"; This restores the data so
50 RESTORE thatncanbeusedagmn 10 FOR I=1 T0 5
60 READ X 4 20 RIAD AsB
70 PRINT X3 30 PRINT [3A3B
80 GOTO 60 40 NEXT 1
90 DATA 55 759 50 LATA 25 4s 58565 12585 165 105 20
100 END 60 END
RN
TOTAL COST 1S 21« 10 READ A,BEsC» D
SEPARATE COSTS ARE: 5 7 9 20 PRINT A*B
OUT OF DATA IN LINE 60 30 PRINT D/C

40 PRINT B+(C
50 DATA 2,24,12, 3¢
END

e e

10 READ MsT»F,

20 PRINT M+

30 PRINT wiM

40 IF T/F>10 THEN 60
P

S0 sT0
60 PRINT wW+M
1 70 DATA 1,15
A QUICK SUMMARY: 80 DaTA 3.
90 END
@ For giving many variables values, READ-DATA state- =

ments are much more efficient than INPUT or LET §tate-
ments, especially if the program is to be RUN several times.

10 paTa s, 10215

20 READ Rs S
@ The READ statement names the variables in which the 28 ;2;,:1. R+ S
) I
values are to be stored. S50 RESTORE
: | 60 READ U,y
® The DATA statement contains the values which will be 70
stored in the variables.

IF T=U THEN 100
IF S=V THEN 110
90 GOTO 120

100 PRINT » j* "
@ It's the programmer's responsibility to make sure l:l:et 105 GOm0 12;% RE WRONG
the variables in the READ statement match the values in 110 PRINT "YOU'RE RIGHT"
UATA statement. 120 ENp

IR
104
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Code Name: /WEATHER,,

When the United States Weatne
Bureau (now the Naﬁona:
Weather Service) was establisheq
in 1870, records of weather pat.
terns were kept for the firsy time
Temperature patterns were in
part determined by °°mparing
average monthly temperatyreg
from year to year. At the Mar.
quette, Michigan, station, pe
average monthly temperatyreg
for 1874 and 1875 were as given
in the table below.

Using READ-DATA statements,
write a program which finds the
difference between temperatureg
in 1874 and 1875 for each montp,

Hint: Arrange the DATA statements like this:

E 8.1,65.3,64.4,60.0,45.7,299210
018.9,23.3,29.6,51.3.58.1,

: 123 gﬂl/\x 15(‘.;9.1 '3.10.4.35.3.48.5,56.7,63.0.61.5.52.8:39.9.285.257

=

o

Then READ the DATA for each year (FOR \=1T0 12, ggig g(:l)l
N L e 18375‘; \il:'\o: l(;:; Ii2d1l2r;e diﬂerencé

T | — for the data from 1 ). Ir Y .
::Et)\(neen each A(l) and B(l) and print it out. A part of a RUNmig
look like this:

MONTH 1874 1875 DIFFERENCE gDEGHEES)
1 19.0 59 ——1136
2 18.9 13 5 9

19.4 -3

ON-LINE
w
[
w
w

Code Name: /WEATHER2

. . rme[(hﬂ*”
Change your program so that if the month in 1'83552:3
its respective month in 1874, the program prin

REES
MONTH (number) IS WARMER BY ? DEG

ON-LINE

106

-LINE ON-LINE
ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE ON

ON-LINE

If it's colder, print out:

MONTH (number) IS COLDER BY ? DEGREES,

Code Name: ///SURVEY///
Write a program that tabulates opinions taken from a question-
naire of the following type (or invent questions of your own

choice):
Name: Age:__ Male [ Female O
1 The President should wear a beard:
1=Agree
2=Disagree

3=No opinion

2 April 15 should be a holiday:
1=Agree
2=Disagree
3=No opinion

3 Schools should remain open all summer:
1=Agree
2=Disagree
3=No Opinion

Your program should use a separate DATA statement for each
person who fills out a questionnaire. The numbers in each DATA

statement should mean the following (use 1 for male, 0 for
female):

) Opinion on Question
Sex> Aged #1 #2 _#3
. F 4 ‘////
First Questionnaire—901 DATA O, 18, 2, 1, 2

Second Questionnaire—902 DATA 1, 16, 2, 3, 1
Third Questionnaire—903

A RUN of your program should look like this:

RUN

CATA GATHERED ON QUESTIONNAIRE

AGREE
FEMALE VOTE: L

DI SAGREED NO OPINION
MALE VOTE: ; ‘: g
UNDER AGE 16 VOTE:
2  FEMALE VOTE: ? 2 g
l:NﬂLE VOTE: 1 7 2
DER AGE 16 VOTE: 1 a
2
3 FEMALE VOTE: 2 \ s
MALE VOTE: 3 5 °
NDER AGE 16 VOTE: 2 2 3

107
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ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE

ON-LINE

Here's part of the program that produced thig RUN

130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

700
710
720
730
740
750
760
770
780
790
800
810
820
830

READ N

FOR I1=1 TO 3

FOR J=1 T0 3

LET XCI,J)=0

LET YL1,03=0

LET Z(1,J1=0

NEXT J

NEXT 1

FOR I=1 TO N

READ S»A

FOR J=1 T0 3

READ C

IF s=] THEN 280
LET XCJsCI=X(JsCI+]
GOTO 290

LET YL JsCl=Y(JsCI+]
IF A >= 16 THEN 310
LET ZLJsCI=Z(Js CI+1
NEXT 4

NEXT 1

FOR I=1 10 3

PRINT 1; TAB(C 533 “FEMALE VOTE!"TAB(QO)JXLI.[];
PRINT TAB(IIO)BXT.l'2JiTAB<53)ﬁX[la 3]

-o-..-oa-o-oo--o-o..

DATA 20

DATA 05155151,
DATA 0533,2,3,3
DATA 1521,1,3,2
DATA 0,22,2,2, 3
DATA 1,36,3,2,1
DATA 1,14, 3,2, 3
DATA 0,13, 3, 3, g
DATA 0» 5553, 351
DATA 1,49,, 3s2
DATA 1,32,3,1,
DATA 0, 44, 2,2,2
DATA 1,56, 3s252
DATA 0,32, 2:2,3

Extra: Modi!y your

Program so that it prints the percents’
People who voteq j

N each category.

ﬁA‘ - o '

3-6 Some “Library" Functions i

[ABS), (Ao,

N BAS|C.

READY

10 Prry
20 END T SQR(25)

RN

Unction wp; i
SUpply 3 nu, . hich 8IVes yoy the Square rg
returns the v, ‘Ehlch IS called the ARGUNE’“ Number, vy,
the Number, g, we ha(:fe"he function _ Which g lhequu -
: are root of
FUNCTIoN
~ ARG}MENT VALUE
QR(2§)—g
N (since 5.5 25)
The argum
ent s
= n Dafentheses, always €ncloseq
s
[ In 9enery —
& al, af
Where , va..QLr}Z"°" ran be used at gn,, place i W
funcho & ,I? except — YOou can :a PTOgram |
Unction ;’C;ti;d of a LET statem Ver use g
e nj
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EXAMPLE:

Jamee progra'm that uses the SQR functioy
in two statements:

Function Argument Value Printed
tions of g fieh: s —_
jem How long can Sec a fishin, F=36 L saRr F=
Prob rod be to fit into a flat rec\angulg INT SOR(F)<—— - sgﬂ 4:.;::;‘_5144 12 2
2 i o0 PR (Lu*Fle — = = 12
box S L ey — —+—saRr F—11=25 5 15
er From geometry we know thay y, 20 PRINT 5an RCSORCA4*¥FI*3) e SQR (1) 4«F=144 12
Anew “diagonal’ of such abox is given b:; & PBINT 2% =2 SQR 2) 12+¢3=36 6 12
_SQUARE ROOT OF (LxLiw [ S 8 | soR -3 Erval
DIAGONAL xW) {NT SGRC=36)e— sQ o message
\n BASIC we would say: 805, B8 1
LET D=SQR(L*L+WsW) e

" |
A negative argument
is not accepted. We
cannot take the square

root of a negative num-
ber.

t his formula, with the lengthg

. m which uses t in
Here's a progra

inches:

REALY

LENGTH 0F NEGATIVE ARCUMENT IN LINE 60
PR TY NT TH OF SECTION:»
LENGTH OF EOX» WIDTH OF EOX» @N
“TYPE
10 INT P

INPUT LowsFR .
2o LET D=SORCLALWXV)
40 IF D<R THEN 70

Code Name: /PIZZA/
w
i ter, and
ILL FITe" z Let's suppose you are a very neat eater, a
50 PRINT "THE FISHING ROD e ;_' only take 1-square-inch bites when consuming
’ 11" a pizza.
= gg:-r wTHE FISHING ROD w?‘t:‘ 130; 15 ONLY"S } 2 =
& PRINT "THE DIAGONAL OF ¥ Question How many such bites are in a 10"
89% PRINT Ds" INCHES:" diameter pizza?
100 END - Answer A=mxrxr=78.5397 sq.-in. bites as
RUN =] found in the program below.
CTION: Z
AND LENGTH OF SE o
TYPE LENCTH OF BO¥, WIDTH OF BOX» Your problem is to improve the given program
220515, 28 T FITe so that you can also input the price of the
THE FISHING ROD WON 'gox 1S ONLY 25 INCHES® w pizza. The program should then tell you both
THE DIAGONAL OF THE § the number of square-inch bites and the cost
2 per bite. Use your program to find out which
o is the best buy: 8" pizza @ $0.75, or 10" pizza
" d 80 that the $1.00, or 12" pizza @ $1.50.
Netce °n sta\ementg fs(:\c?lgn is allowed 10 @ Ly @
argument of the SQR fu &
be an expression. z READY -
? \
2 10 INPUT
o 2 LET Lot o '
LET A=3.14159%ReR
l d in which asg 2:})""’ “THERE AR::"}Ai " SQUAPF-INCH DITES IN ACN)Y";[5"-INCH PIZZA."
4 he order w RN
. ; 1d be aware of ¢ {
When using functions, YOUOSh:]:monS within the a;gumes\l f:)mll!' E
the computer does things. Op < on is evaluated, 3% Ty 2 210
function are done first, then the function ¢ are done in th¢"
all other arithmetic operations in the statemen

THERE AR
ARE 78.5397 SQUARE- INCH EITES IN ACN) 10=INCH PIZZA.
order (see page 23).

110
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Code Name: //INVERSE Pizzy,, [

Now let’s look at a few uses of the INT function.
{ the reverse problem: How big a pizza (diametg, ‘
X K a
Now let's 100

To find out if a whole number is even or odd, we can use the INT
function very nicely:
: )
\e if each person is tg | =
rowd of P peop ; get o - —

do you need 10 (eau itcB) of 1-square-inch Biiea BEEEY H Since dividing an even
w number (€ Al need: INPUT N 50 — number by 2 leaves no
z a given i ou'll . T(N/2)=N/2 THEN ! |
= Some mformahOI‘AY ‘th Asquare inches of eating is given by :::1:1': "o DD" remainder, INT(N/2)=N/2\
z @ The radius of apizzaW! ; GOIONTl?'E‘Jm" only for even numbers. |
o 14159 PR —

—SQR(A/3 GoTO 10
er i red by their diameter D, and D=2«R. END
: rde! 2
@ Pizzas are o nat allows YOU to input the number of people

w Write a prograu"r\ :;izza party, and the number of 1-square-inch
= ing to YO
] coming
=
o

bites each person is

[N/2=55, INT(N/2)=5, and|
to get. -
utput should be like the following:
The o

JSO N/2 does not equal\
| INT(N/2). Thus, 11 is odd,\

RN

Output should

continue until

A T T o ”Eg';g" ouLp BE AT LEAST 19-8672 the diameter |

B SGUARE-NCH(B‘)TESWE e LEAST 140482 goes below 8|

1F YOU ORDER 1 p12ZACS) METm(S, iy o .‘ncﬁes. \

1l’ll"‘:‘;gf;QRDE‘R 2 p1zzac Sy THE DI '
INCHESe

LEAST 114703
wp BE AT
(s)s THE DIMETER(S) SHO
3 PIZZA »
1F YOU ORCER
INCHESe

The INT function is very commonly used in another way. Let’s
say we had $10.00 and wanted to divide it equally among three

people. Let's see how much each person gets. The program at the
READY left gives the answer.

10 LET A=10/3
20 PRINT "$";A
i is one that takes the
jon in the BASIC library
Another function

But money is only expressed with two decimal places — we’d like
$3.33, instead of $3.33333. How do we chop off the extra 3’s?
30 END We want 2 digits after the decimal point; so we multiply by 100,
t. INT(N) is defined on most computers RUN take the INT part, and then divide by 100.
integer part of the a\‘g\:“::‘:‘;a“ or equal to N. 1f N is not an integer,
integer 1€ i d on the
as the greatest.mt;i closest integer to the left of N DICL\M;Q wonw‘“
N l:T'(NZIt‘:l number line. If you look at the picture Elo¥.¥
usual hornzo!

INT(100+3.33333)/100
§ 3.33333 =INT(333.333)/100
=333/100
see that 0 1 2 . But, 333/100=3.33. which is what we wanted. (This program doesn't
INT(2.3)=2 H___——(é)l 2-(22 say who gets the extra penny.)
INT(.8)=0 Q-+ : Ht?w would we have got one decimal place? We would have
T INTN)=N. multiplied by 10, taken the integer part, and then divided by 10:
i nteger,
EERIRER 2 Here's the way our rule INT(10+3.33333)/10
Question: What does INT(-.5) mean: =INT(33.3333)/10
ot Jgest whole b S
: itive, then the largest, fore. | =
> lf\ “l‘e ir;‘}::z:tféiff ;ly‘ chopping off the decimal part (there
the lef
INT(2.3)=2).

number ¢

b. If the argument is negative, then the_ laxgesl“vg\ol\‘:!e R o mc
" {ained in the argument is still the integer
argument. Therefore INT (-.5=-1.

In general, if you want a number to have N decimal places
(and it has more than N places), use the following:
|
A B |
_1=(—.5)

S
112

INT((10TN)- old number)/(10TN)

|
|

If you want the value rounded, use

INT((10tN=old number+.5)/(101N)

‘——

113
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ABS is a BASIC function which returns the ABSOLUTE
VALUE of a number. The function is written ABS (X).

The general form of the function i
4 i nis RND(X

the ve , ). Ons

ABS(10)=10 feree:’;::ue 3il¥lllss:othnmpoqant. on other COmPUlers(,)li‘:e nc\:::\Puter.s,
ABS(0)=0 should t it this works on the next page. But :\S ek
ABS(-10)=10 ry an experiment. RUN the following Pfogra}n i r§l you
ABS(——427)=427 ice:

Notice that ABS(15— 10)=5 and ABS(10—15)=5.

READY

Try this program to see why that's useful: 10

FOR K=1 TO 5

gg :lg(NT RNDC 1),
Code Name: /ELE T K
w VATON 40 END
z RN
= READY
z s PRINT »TH1 S PROGRAM ASSUMES A BUILDING wITH 15 FEET BETWEEN FLOORS."
o 10 PRINT “WHAT FLOOR IS THE ELEVATOR ON"3
20 INPUT A S— Here’s the result of th
30 PRINT "TO WHICH FLOOR 1S 5 of the preceding experi .
40 INPUT B u . periment on two differ
w 50 PRINT "THE NUMBER OF FEET THE ELEVATOR TRAVELS 15%3 puter systems which we’ll call A and B. erent.com:
= 60 PRINT IS‘ABS(A-B)S"-"
3 Sib Computer A
>
(o] RUN
TH1S PROGRAM ASSUMES A BUILDING WITH 15 FEET BETWEEN FLOORSe
WHAT FLOOR 1S THE ELEVATOR ON?8
70 WHICH FLOOR IS IT GOING? 18 + 731631 .893412 JEEGE
w THE NUMBER OF FEET THE ELEVATOR TRAVELS 1S 150+ 3 . 685044 e
z
= END
3 END RUN
z
o 6
«619889
. 7
28673 .222167 9.70735E-02 +766305
L~
The last function which we will discuss
is the random number function RND. RND Computer B
causes the computer to select a sgurprise” UM o r
ber between O (zero) and 1; in other words 2
number like .032145, 285467, or 765321 .
*5294
b 88 .225555
. . B - 329078 e—
g 5 § * IND 89 -537845
8 2 8 k RUN
0 1 2 3 4 5 6 7= & 2 3
m * 529432
) | of 9 +225555
It's as though the computer spun 2 ‘"he; the ‘ D b » 306689 537845
chance, like the one in our picture, megrquil‘ ;
value for the RND function; we r¢ ney
sure what number will be selected. \nis ! \J
Sorry to have to say this agaih U‘_‘S and ¢
tion varies slightly among C})H}P"“’C'ec o
‘ best way to find out about it ls;:r pest o Comput
teachers ©°, uter
{ computer.manual, ask'you"ome suggestion™ on each R&Smduced a completely different set of random numbers
all) experiment. Here are ¥ If your comput For the applications in this book, this is preferred
mputer acted like computer A, you're all set! ’
114

If your :
computer acted like computer B, there are three things you

115
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V

n try doing t© make it act like computer A, producing a rey) “sy
cal I.

prise" on every

you add a statement containing RN D(-1
al

some sygtems. .
1hect)>:g?nning of the program- RUN this program twice,

READY

5 LET X=RNDC(=1)
10 FOR K=1 T0 S

50 PRINT RNDC1)s
a0 NEXT K

40 END

RWN

@ On other systems, the way to get different random numbers oo
every RUN is 10 change statement 5 to read:

5 RANDOMIZE

The rest of the program stays the same.

1f none of the above work, there is a somewhat clumsy way of

making each RUN be “almost” a surprise. It takes five extra state-
ments as follows:

READY .
D HAND'S pOSITION ON wALL CLOCK

PRINT "TYPE THE SECON
INPUT S

FOR J=1 T0 S

LET X=RNDC1)

NEXT J

10 FOR K=1 T 5

20 PRINT RND(1).

30 NEXT K

40 END

RUN

O @ a0’

69
YPE THE SECOND HAND'S POSITION oN AL CLOCKTZ6 .o L0531
38255 + 598038 995577 .

END
RUN

' , 512079
TyPE THE SECOND HAND'S POSITION OF VALL CLOCKTAS g 5
« 366534 « 34335 .61215

END

—

- TR T T 7

10
20
30
40
50
60
70
80
90

110
RUN

The user typed in 26 after the first RUN to indicate that th

hand on a clock “happened™ to show 26 seconds past th P

Lines 7. 8. and 9 then forced the computer to run down ‘:jtm;lqute.

random numbers to the 26th one before printing anythin, inj‘ ist of

On the second RUN, since the clock happened to show 4§Secln;29.

different number in the list was used as the starting point onds, a
One last thing — if your computer acts like A, and you. want it to

act like B, try experiment [1]. This technique works in reverse on
some computers!

Now let’s look at a program that uses RND. We'll write a com-
puter program that “simulates” the tossing of a coin eight times
We'll assume that the random numbers are evenly dislribuled.
between 0 and 1. Since there are two possible results of a coin toss
(HEAD or TAIL), let’s decide that if R<.5, it represents a HEAD

and that if R=.5, it represents a TAIL (we could just as well reverse
this choice).

REALY

5 LET X=RND(-1) &—

LET H=0

FOR I=1 TO 8
LET R=RND(1)
[F R<eS5 THEN 70

PRINT
GOTO 9

LET H=H¢1
PRINT * HEALS ™

NEXT I

END

TAILS
TAILS
TAILS
HEADS
TAILS
HEADS
TAILS
HEADS

NUMBER OF HEADS = 3

0

100 PRINT "NUMBER OF HEADS ="3H

ON-LINE

To get different tosses

on different RUNS, your
computer may require
that you omit this step,
TAILS * or use

5 RANDOMIZE

instead.

Just as if you tossed a real coi
) n, the order of HEADS and TAILS
is random. If you RUN the program several times, it is highly prob-

?cl))lehthat the average number of HEA DS will be approximately equal
the average number of TAILS.

Code Name: /COIN/

Wri .
tig:‘t S:U‘:mgfam that simulates tossing a coin 100 times. Sugges-
. a semicolon at the end of lines 50 and 80, and add a line

which rint ; : !
R< 5 tg n:f;-,e number of TAILS. Also experiment with changing

A 17
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MAKING RND(1) MORE USEFUL

. decimals between 0 and 1|
RND(1) generates decimal Y Fftque
we prefer integers helween}wo other numbers; fornilly. lhﬁu!h
simulate rolling a die, we might want to generate random-m‘-h;
from 10 6 (1,23 4 S, or 6). _ m ntege,,

What can we do? Well.

RND(1) gives numbers between 0 and 1 (not ing)
6+RND(1) gives numbers between 0 and 6 (byt
INT(6+RND(1)) gives integers from 0 to §,

INT(6*RND(1)+ 1) gives integers from 1 1o 6, which i :

wanted.

lld'mg 1
MOt inclug, ¢

hat y,

In general, INT((b+1-a)*RND(1)+a) gives the i
to b inclusive. In the preceding example, a=1, bes,

INT((6+1-1)*RND(1}+1)

SRS fryy,
e hav:

MINI-EXERCISES

Write programs that each generate 10 random integers of the
ing kinds: N
1. Integers from 5 to 20 inclusive

2. Integers from 9 to 15 inclusive

3. Integers from 1 to 3 inclusive

4, Integers from 110 100 inclusive
5. Integers from —50 to 50 inclusive

Code Name: /RiNg
Try the solution to Exercise (1) ON-LINE:

READY

(SEE PAGF 1164}

ON-LINE

5 LET X=RND(-1)
10 FOR I=1 T0 10
20 PRINT INTC16%RNDC1)+5)3
30 NEXT I
40 END

RWN

ON-LINE

T TR T

|
,P

ON-LINE ON-LINE ON-LINE ON-LINE ON-LINE OMN-LINE ON-LINE

ON-LINE

FLAYER 1?47
FLAYER 27 78
THE COMPUTER HAD
82
:thER 2 WAS CLOSEST.
RE:  PLAYER ) HAS 0 POINTS;

LET'S TRY ag
A!N.

FLAYER 17 3)

PLAYER 279

—

e —————
FIRST CIE SECOND 1
IE

2 2 TO;AL

1 3 %

4 3 %

1 1 3

4 5 Z

5 2 .

6 2 3

4 3 5

2 4 o

’ 5

END
_\

RN e

PLAYER 2 HAS 10 POINTS.

|

11Q
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3-7

Let's imagine (0
gram

types in Ul
tells him 1

v

are writing an American histo
asks multiple choice questions Uiz
f his choice, and th ns, the Mo
is choice, an en the com (]
Puter oy Sap

al we
_ the com

T
f he is right or wrong, but also why. o
A sample question is: ly

Who was the first man to walk on
There are four choices:

1) Alan Shepard

2) John Glenn

3) Neil Armstrong

4) Buzz Aldrin

the m%n?

Let's call the person’s answer X, y
either a 1, 2, 3, or 4 for X. ¢
We could then say:
208 IF X=1 THEN 220!
209 IF X=2 THEN 23g|
210 IF X=3 THEN 240
211 IF X=4 THEN 250|

wil| type

These send the com

special places in tg:m 4
gram which tell the pe? i
why his specific answer ;On
right or wrong. -

But in BASIC, we could condense those four lines intp one)
210 GOTO X OF 220, 230, 240, 250 .

computers, this same kind of statemep; ;
differently and is known as an ON g |is
lain the ON statement on page 121, ~

NOTE: On some
written slightly
ment — we'll exp

e computer reaches line 210, it has a value of X (typedjy

by the person).

Line 210 says: If
bered, or line 220. If X=
230. If X=3, it will go to

When th

X =1, the computer will go to the first line nun
2. the computer will go to the second, o
the third, or 240. If X=4, it will go lullk

fourth, or 250.
In other words, the st
Xth line number OF these —,—»—s—-

atement can be read like this: GOTO i

Notice that for each wrong answer, there was a separate ms
sage, explaining why it was wrong.

Now, let's finish our example, and then fill in a few more detals

Rememher th f()”()w'
) INg could b,
¢ part of

,/—\l“ larger Program

—

L i
[
plY "
P T ik JESIT A0 5 WA N et I the persg,
o PRIy D ALAN SHEPAR than " tyos
EOI PR"” ug) JO ENN ‘4 ator S lgg
0! prINT L5, NEI ARH STRONG 4, the gqor MOTe thay
;‘33 PHI:T vy BUZZ ALDRIN © ling. 3 Puter . '8
pRl
202 wPUT % po0s 2302 2407 250 | minds tp, perwhlch :
205 Lo%0 x OF RCE TyPE IN 1+ 82 3 OR 4o | rules. e N,
20 RN 05 ot e
215 10 ? GHEPARD WAS THE FIRST AMERICAN —
:,133 pRINT .'.‘”’i.’,,.w ARMSTRONG 15 THE ANSWER." 10 GO INTD*
PR
22! om0 270 ENN WAS THE FI
" NG? a RST AMERICAN
gﬁ; iy ROy ARMSTRONG 1S THE AVSUER.™ T0 ORBIT THE™
PR
23! 010 2170 s
70 GHTt! ON JILY 0s 1969, ARMSTRON
233 F"::T --n:msr MAN TO WALK ON THE MOON.* G BECAME THE"
PR
24! gm0 210 THE SECO
25 0,5 ALDRIN WAS THE R
250 i;::} N TER ARMSTRONG: 7 il i
25! p : -
210 ND —
"g o &l —————
' a longer S—
progra -
5 mE FIRST waN TO VALK ON THE MOON? would be the nex?cwr: Fin
:,:o ":u ng::RD r\ stion,
@
e &pH‘N pMSTRONG
::; AL DRIN
JuLy 20s 1969 ARMSTRONG BECAME
0 ALK O THE MOON « THE

FHE ON...GOTO S
: .. STATEMENT:
the key words MENT: Many computers use7

i
ON...GOTO... instead of GOTO...OF ’
The ON ..
.GOTO . . . statement looks like this: |
210 ON X GOTO 220, 230, 240, 250

Again, if X is 1, the com
HAPXis 1, puter wi i
or 220, if X is 2 to line 230, and I;Lg:nto Vi b

So, the two possible forms are:
210 GOTO X OF 220, 230, 240, 250
210 ON X GOTO 220, 230, 240, 250

Check, perhaps b i

] y trying them

readin on your

ess, Thes o computer manual, ks fom(;Omputer_ or by
. They do exactly the same thing Four-complisr

or

121
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In either case if X is not a whole number, the vy
4 (the decimal part of X is chopped off). F‘Ll:ee:fx“
d|

ON-LINE

O rendb o Code Name: //SONG//
e:

truncate

=3.65.2 GOTO-X-OF statement will use 3 as Ml . '

1:;:' 65,3 GOTO) T e ETeRlind, [hexéo::p)f“nk;, _frc'))u!robla);s in edach line. Allow all 7 notes (;8 lines of melody, with

a1 OR st O teacment and continue oathe s pac used. Hint: Use nested FOR loops (ro. - FA: SOL. LA
Finally. expressions can be used instead of X — just mal:mm T

the expression takes on the correct integer values for the ll:r;::

of line numbers following it. Check these examples:

e — e e e ——
20 ON M GOTO 20,30,4050,60 |

3-8 and

26 GOTO M OF 20,30.40.50.60 \
8?) GOTO F+Z OF 100,120,153 | 80 ON F+Z GOTO 100,120,153 :
00.1800.2200 | "_MTO 600,200,1800,2200 There are times when the same type of calculati
o - at various points in-a program. Instead ?f‘:::allon may be needed

114 GOTO P—Q OF 600.2¢

These are all correct uses of GOTO...OF...or of ON,

GOTO ...

nee i i :
ded for this calculation each time, we can i[:_l:eg s ;tatemcms
a subroutine (a

part of a major program) whi
} ich performs the
The GOSUB statement is then used to branc:ef:et:i:as'cglalions'
s subroutine

from any point in the
program. The RETUR i
to tell the computer that the subroutine is ﬁm'shr::dslaan:::lnt‘::t i
, program

should now resume i
execution where it |
eft the main
program. It

Code Name: /MELODY
works as shown at the left.

Use RND and GOTO K OF to write a program which genérik
es) of melody as follows: Begin with “DOREM’

8 bars (measur ¥
es) of melo ol i nother use of subroutines is to enable several
persons to work

z end with “MI R  Ano |
3 same lar; .
; R DO RE M _FA SOL subroutine to dogs::alrlzrgtg 1;?:: pS::l uitanc%uﬂy_ Each person writes a
7 = : ram; t : 8
a ; — f J_.l_ of these subroutines together. = €n, a main program links all
ro RE M1 i J_ 4 P .
RE FA M1 f [
L soL FA MI A B { !
z RE FA MI Subroutine =1
= sOL Fa MI "
o Ml SOL F& “es PR
:?LR;-A[SI Subroutine %2 RETURN."
w HINT: Try this short program to get some ideas:
% [ ;‘EHJ.HN Subroutine #3
= REALY 30000 s eees
o 1169} s
5 LET X=RND(-1) (SFF PAGE
10 LET K= INTC3*RNDCD+D)
w 5p GOTO K OF 30s 50+ 70
= 20 PRINT “RE FA MI"
= w0 COTO 10
3 S0 FRINT "MI SOL FA”
60 COTO 10 N
70 PRINT "SOL FA v1
g0 COTO 10
— 90 ENL
z ;
5 dyout" ¢
elody "
- After you have RUN the program. write the M2 Zepowh

quarter time, using regular musical Mot

diagram above.

122
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20 GOTO M
| 114 GOTO P-Q

w

z

- RLN

=

o
ro KE M1
RE FA M1

w soL ke MI

= RE FA M1

= soL F& MI

z Ml SOL FA

= soL Fe MI
Ml RE L0

w

E

-3

2z

o

w

z

-

z

o

w

=

4

4

5]

“oF 20,3040.50.80
1
x 1O F+2 OF 10
80 GO OF 600,200,1800.220C

h

 her case if X is not a whole number, the vy,
In et i

; € of
(the decimal part of X is chopped off). For ¢y, "

. €x;
truncated OTO-X-OF statement will use 3 as X, | “he

u . . 15
IF X=3.69 :ealer than the number of lines listed, the °°'“Pul:r:”
than 1h O(I;l STO—X'OF statement and continue on the MEX Stalemyy
skip the

: sed instead of X —just
: ssions can be used Ir Just make
Flnallye.s::(&;f‘iakes on the correct integer values for the HUmb:
n}el'e:p;umbﬂs following it. Check these examples:
of lin

e —
“T 20 ON M GOTO 20,30,40,50,60
g0 ON F+Z GOTO 100,120,153

114 ON P-Q GOTO 600,200,1800,2200

These are all correct uses of GOTO ...OF ... or of OX

GOTO ...

Code Name: /MELOD!

i hich generaix
OTO K OF to write @ program whic!
use RND aal?:r(:s) of melody as follows: Begin with “DO REM
8 bdarslt(:‘fw RE DO, and generate randomly 6 bars in betweer
end wi '

DO RE MI FA SOL

ideas:
HINT: Try this short program to get some id

LY
REA - i

(SFF PAG
LET x=RNDC(-1)
FlJO LET K=INT(3*HNI‘II()J*“
20 GOTO K OF 30, 50:I7
30 PRINT “RE Fa Ml

40 C€OTO 10
50 FRINT nM] SOL Fa"

coTO 10
f;g PRINT nweoL FA mI"
g0 C€OTO 10
90 ENL

Mun‘“ﬁ
dy o’
. the melo ol
After you have RUN the program, write the, n 8s show

quarter time, using regular mus!
diagram above.

ical notat!

L RETURN

ON-LINE

Code Name: //
Write a program that randomiy generate SONG//

four bars in each line. Allow all 7 notes (
Tl) to be used. Hint: Use nested FOR |o

S 4 lines of melody, wi
Y. with

DO, RE, MI, FA soL, LIA

0ps (see page 72). '

3-8 and

There are times when the same type of calculation may be needed
at various points in a program. Instead of retyping the statements
needed for this calculation each time, we can write 3 subroutine (a
part of a major program) which performs the needed calculations
The GOSUB statement is then used to branch to this subrouziné
from any point in the program. The RETURN statement is used
to tell the computer that the subroutine is finished, and the program
should now resume execution where it left the main program. It
works as shown at the left.

Another use of subroutines is to enable several persons to work
on the same large program simultaneously. Each person writes a

subroutine to do part of the program; then, a main program links all
of these subroutines together.

Subroutine =1

sessssnnes

GO SUB 1000 1000sssses
seseessnne
sessssnene

Subroutine =2 RETURN

2000 ssssss

------

Subroutine =3

RETURN

GO SUB 3000

3000eessns

RETURN
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Let's look at an example of a quiz program thy, uses GOSUB

READY
120 PRINT "IN THIS PROGRAM» YOU WILL EE ASKEL FOUR QUESTIONS,w
130 PRINT

140 PRINT "AFTER EACH QUESTION. TYFE THE NUMEER OF THE ANSigge
150 PRINT *YOU RELIEVE TO BE CORRECT-

130 P?::: “1. ONF OF THE LONCEST CASES OF NICCOU(:EI.\I( LASTFLen
:;’g leN'l TARC lh)l"l) 3 FAYS'™: Tﬁ!‘(ﬂi;:;‘gz)l‘"h::;};'s‘.s"
190 PRINT TARC10): "P) 2 WEFKS": TAPC

200 LET Aas4

00 y »
e g‘;:“gi 22- THF LAPCGEST PISH FUER PFEPARFI kAS:

220 "3 TAFC40)5"3) BOILFI H[ppgn
351> FRIET FLEPHANT ‘
zi: ;:::I ;:i: :g): "oy ROAST CAMFL'; TAPC40Y3™4) PAKEL RHINO*

250 LET A=?

268 ggf:l-; ?-(;?Dmpnr'o CLEMENTE LAST PLAYEL FOF WHAT TEAM?™

oa0 i BC(40>3™3) ST LOULIS"™
ARC10Y3"1) CHICAGO"S TA ; i
:;g gg::; ;ﬂB(iOH"?) PITTISBURCH": TAPC&40)5"4) POSTON

300 LFT A=2

9000 :
a0 gl‘;fgi "2- *LOVE® 1S A TERM IN WHAT SPORT?"

C40)3"™3) BILLIARLS"™
NT TARC10)35'1) COLF™ TAP A
340 :ﬁ:NT TAEC10):*2) SOCCER"™; TAF(40)i*4) TENNIS™
350 LET A=4
360 GOSUEB 9000 SH B e 5
'S ALL THE QUFSTIONS F

pr ::::; ":gm-lof FOUR QUESTIONS YOU ANSWERFI™3C3 ™ CORRECTLY*"
440 PRINT "ANLC"; W " INCORRECTLY."
:::1'0 S;gTNT “TYPEF THE NUMPER OF YOUR ANSWER:"3
9010 INPUT R 5§60

F A=R TH ’
zggg LRIN; "NO, THE ANSWER IS NUMPER"} A} ™"
9040 LFT w=k+l
9050 GOTO 9080
9060 PRINT "WOW=-THAT'S RICGHT-"
9070 LET C=C+1
9080 PRINT
9090 RETUEN
ENL

Here’s a sketch of how the quiz program works:

170 Question 1 (hiccoughing)
210 GOSUB 9000 —\
(1)
( 260 GOSUB 9000 — —*——-—__]——ﬂ‘

2 270 Question 3 (Roberto Clemente)
r 310 GOSUB 9000
'3 ——=1 320 Question 4 (‘love’)
360 GOSUB 9000 —

~+ 220 Question 2 (targest dish) f

BMO Subroutine
{ Input the answer and check it
If wrong, print the correct answer W
(| and a0d 1 to the “wrong’. counter (!
It right, print “WOW — TH, L e O

T, e and add 1 to the “‘correc
~——————1 9080 RETURN

ON-LINE

In this example, lines 170 to 41¢ present four ;
: ur differe :
tions. The subroutine always does (he Same lh;nﬁg'.”j:lr’c::m ques-
student to input an answer, it checks the answer ﬂnd.it allows the

Notice that the correct answer js always found in the Valr(ieuehr:: :‘urc‘

Summary: At a GOSUB statement, the computer:
® goes to the subroutine,
@® works through the subroutine until it finds .
statement, 4 RETURN
@ then it branches back to the statement rig

( ht after the GOS
that sent it to the subroutine in the first R

place,

Here's a RUN of our program:

Write a quiz Program using your ow

Get 8_ students to work on a long
tnbu_tmg 3 questions Student #1
1000's ang Student #2 in the 200

RLN

IN THIS FROCRAM, YOL WILL FF ASKEI' FOUR QUESTIONS.

AFTER FACH CUFSTION. TYPF THE NUMBEK OF THE avsuip
YOU FFLLIEVE 10 FE CORRFCT.

1+ ONE OF THF LONCEST CASES OF HICCOUGHING LASTEr:
1> 3 LAYS 3) 8 WEEKS
2) 2 WFEKS 4) R YEARS

TYPF THE NUMEBER OF YOUR ANSLFFR:1? 1

NO» THF ANSWER IS NUMBER 4.

2« THF LARGEST LISH EVFR FREPAREP waSt
1Y FFIED FLEPHANT
2) ROAST CAMEL

TYPE THF NUMPER OF YOUR PNSWEF171

NO: THF ANSKER IS NWUMEER 2.

3) BOILEr HIPFO
4) FAKEL FHINO

3« ROPERTO CLEMENTE LAST PLAYE[D FOR WHAT TEAm?
1) CHICAGO 3) Ss7T-
2) PITTSRURCH

TYPE THE NUMFER OF YOUR ANSWERr?72

Wk--THAT'S RIGHT.

Lours
4) FOSTUN

4« 'LOVE' IS A TERM IN WHAT SPORT?
1) CGOLF
2) SO0CCER
TYPE THE NUMPFEK OF YOUR ANSLFR:1?4
WOb==THAT'S RICHT.

3) PILLIARLS
4) TENNIS

THAT'S ALL THF OUESTIONS FOR NO&.

OUT OF FOUP QUFSTIONS you ANSWEREL
ANL 2 INCORRECTLY. i aRE

Code Name: /FACT Quiz/
n questions (and answers)

Code Name: //SUPER Quiz//

€r quiz with each person con-
should use line numbers in the
0’s, and so on



parts of this boo

KEY WORDS
—— ——
PRINT STOP READ RUN SQR
Far AwgYy N0 FOR DATA LIST N |
LET NEXT RESTORE SCR ABS
macgs INPUT STEP GOTO K OF BYE RND
GgoTO DM (or ON K GOTO) PUNCH
IF REM GOSUB TAPE
THEN TAB RETURN KEY
As we are about e than enough vocabulary 1©
i i - blems
write programs that solve professuonal level pro ~10
i ications ing. Some of these applications ™)
is called applications programming me o e they = 5

sec
fami

experiment
idea. The

A teacher and

of Part 4 as in
list on the nex

k. Here they are:

m far away frof
liar in short order.

e all the required

ion to com |etely master @
pilkes g iven follow

programs co
this; that's W

and four functions — that's
ary studied in the first three

Twenty key words, seven commands,
the total count for the BASIC vocabul

COMMANDS FUNCTIONS

see, that's mor
s — to do what

m the life of a stu

features of BASIC have been |
g will not |

the first three parts of this pook, we "’ ;
in this part in complete detail. JL“;
veral days of study and ON- |
given progrqmﬂ"
lorations” gl
t be giscouraged? |

“guggested exp
all about: o

uld take even longer. an'
hat being @ professional is

. ctions
class may decide t0 attack the qlffereﬂ; “se.m
dividualized (or team) projects- If thisis t

t page will help in selecting projects.

5 He'r‘fn“t’)e ‘f‘i programs you'll find in Part 4. Ty,

.C].—e La()u : l:’ 'en in any order; it’s also OK l(.) 5k‘e welions shown
case you are in a class that’s using an “jngj 1P over sections jn
approach. individualized project”*

4-1 Data Analysis

/HOTEL/ :

me 'E-LI and [AIRLINE/ illustrate co
lval'mn systems, one of the fast m;)ulter

applications of computers today est growing

4-2 Nonnumeric Applications

Computers can be used i

to manipulate words
as well as numbers. The programs /So,qp[o,ms
IMENU/ show you how. S

4-3 Games and Simulations

The program /SLOT MACHINE/ makes the
compuler.simulale a gambling device; you'll
see why it's impossible to “beat the house.”
The program /[BURIED TREASURE/ is .a
two-dimensional game that shows what a power-
ful tool coordinate geometry can be.

4-4 Business Applications

JADD-ON INT/ and /UNPAID-BAL INT/
show you how to calculate the interest charged
by credit companies and banks when they loan
you money; JPAYROLL/ is a program that cal-
culates the “take-home™ pay for each employee

in a company.

4-5 Batch-Mode Computing

_This section is for peaple who use card input
instead of a terminal.

4-1 Data Analysis

There are many hotels that

available on the dates requested by a custo
systems to find out if there is room ona specified flight ona specified

date. There are even computer reservation systems for checking
theater and sporting event tick All these systems use
the same general programming i slomer's
request with data about the rooms

use computers to find out if a room is
mer. Airlines use similar

et requests.
dea — they compare the cu
(or seats) already reserved.
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The dal.a on hotel rooms are given in DATA stat
the following code. or structure: statements that use

15, 403, 404, 510, 0
/

FHOTEL | ety el e
:NULr\IANBEEH | ROOM NO.| [RATE] [APRIL 3|[ APRIL 4 [M(@ﬁﬁﬂ

9813 DATA 813,

This statement says that Room 813 rents for $15 ,

it is already reserved for April 3, April 4, and Maypcl:)d?t; g

the end is a “flag” to the computer that lets it know lhe-re ise e

information on file for Room 813. o more
A LISTing of the program is given below.

AUTOMATED RESERVATION SYSTEM™

PIX1E HOTEL
’Q‘.‘.'.‘t#t‘t‘l..!..‘.‘t‘t““

NT wTHE
pil ..‘t.““.l

PR‘NT HakEE
INT
20 PRINT | axy DAYS [0 YOU WISH TO STAY™:

Program 1: /HOTEL RESERy, 20 PRINT =
uT
50 144 IN EACH DATE DESIRED AFTER EACH 7', TYPING"

UNS of the program. a0 PRINT "TYPE
80 PRINT © JNRCH 1 AS 3.01, LECEMBER 14 AS 12:14, AND SO oN.*
go FOR 1=1 T0 N
ﬁ g0 INPUT DIl
RWN NEXT I
110 LET J=0
10N SYSTEM 120 READ R
HE FIXIE HOTEL AUTOMATED RESERVAT READ & THEN 260
tt‘l.‘.-....‘t‘.t‘.#mi.ti‘.t‘."ttt‘tttt‘i‘t ::g L b P
’ READ DI
ANy DAYS DO YOU WIS 70 STAY?3 150
,;?r:snm EACH DATF DESIRED AFTER EACH '7'» TYPING :gg :‘:TD",_::I" THEN 210
" P 14 AS 12+14s AND SO ON 3
WanGH. 1 A 3:01« DECENGE L i |80 LET RCJI=R
74+ 04 190 LET PCJI=P
72405 200 GOTO 120
14.06 210 FOR I=1 TO N
RoOM 901 15 AVAILAELE 0% DATES REQUESTED: o ;;x‘i‘;"'” THEN 250
RATE 15 § 18 PER DAY« 240 GOTO 150
poOM 902 IS AUVAILAELE ON DATES REQUESTEDe g:g ’l‘g“glf‘; g | VRO
RAaTE 15 § 16 PER DAY: 270 GOTO 250
ROOM 905 IS AVAILABLE ON DATES REQUESTED» :gg ;:l;;"’ 0 THEN 320
RATE 1S % 20 PER DAY- 300 PRINT "SORRY: NO ROOMS A
R M5 ARE AVAILABLE FO
X T s R ALL DAYS REQUESTED."
320 PRINT

CH ROOM DO you wI SH?901
NFIRMEDe 330 FOR I=1 TO J
320 PRINT "ROOM";RCI13" 1S AVAILABLE ON DATES REQUESTEL."

------ 4 350 PRINT " RATE 1S $"sPLIIG™
PER DAY."
oM 901 360 PRINT
WEMO TO RESERVATIONS! m:omp:ggmbff:;‘;‘_‘ RO 370 NEXT 1
ADD 4+08s 4205 2.06 2 . :g f:.l,':,; ;\chn ROOM [0 YOU WISH";
o omeememm-=====-==TEAR H:ns--—----""'"' 200 PRINT ™
o YOUR RESERVATION 1S CONFIRMED."
420 PRINT "eeememe-mcmeceeee===
RUN :33 PRINT TEAR HERE=====-- cecsmmemmm===—
PRINT "MEMO
£p RESERVATION sysTHM 450 PRINT “ADD ;IO RESERVATIONS: ENTER NEW DATA FOR ROOMMIR'e' &y
:vo-oootooo--ot-atlnt 2:3 ;:,:Nfr-l 0 N=1
DEI1s™, *
40 NEXT £
STAY?2 NG Py !
HOw MANY DAYS DO you wisH TO vt TIPL 0 PRINT "
TYPE IN EACH DATC "‘“"Z’m“Elfzﬂn?c" 2o o 0% %0 PRINT DINI}™ TO PRESENT DATA-"
MARCH 1 AS 301- DE! 0 PRINT Maeeccaae
74408 520 FOR [= SRS AR TFAR HERE=e==--========= T
78.09 0 print | C
) oR ALL DAYS peouEsTE” 540 NEXT 1

SORRY» NO ROOMS ARE AUVAILABLE S50  sTOP

—— “EKE---"-""" ANMVWWWVVV\NV\NV\M/WVWWW\AM/VV\AMNVV\NVVWV\
AW
129

Here are twWo sample R

This must be done by typing in new
DATA statements. On computers
that have file commands, the program
can be written so that the computer
makes its own changes in DATA.

wH1
YOUR RFSERVATION 15 cO

-_---—------—‘TEAH HER

Ee=-=="

EL AUTOMA

HE PIX1E HOT
sasRREREE

"‘t‘.l“‘...

"




SORRY=-NOT ENOUGH SEATS Ava
ILABLE 0

00 YOU WISH TO TRY ANOTHE N THAT F
0 FOR NO>71 R RESERVATION (npzl?‘zﬁn

YES,

DATA 9011854085 4+1,0
570 DATA 902, 165 4+ 03» 4+ 082 4+ 0950
580 DATA 903,17»3.01s 3.02s 4+ 042 4005s 420850

590 TATA 904, 14s4:03» 4404s 42 09» 42120
600 DATA 905-,20- 440820

610 DATA =1

END

TER MONTHs DA
INTER » DAY. FLIGHT NO.. NO. OF SEATS DEStp
EL? 1,5,
»1

| SEATCS) CONFIRMED ON FLIGHT
NO« { ON
0 YOU WISH TO TRY ANOTHER RESERVATION ¢ 1vpe
0 FOR NO70 ¢TYPE | FOR YES
s

WSSAGE TO RESERVATIONS AGENT: ENTER NEW DAth
| sl R Sl W T

_—
SPECIAL INFORMATION FOR SOME COMPUTERS L

he code 4.03 for April 3 since all vers;
versiong Here's a LISTing of the program /AIR RESERV/

~ NOTE: We used t
of BASIC allow DATA statements that use numbers b
b5 10 DIM AC13, 311, BC13231)

| ever, it may be that your computer also allows “strings"
(check the jndex in your computer reference manum)gs” 20 FOR 1%1 ;g §|
so, you can also store alphabetic information. Even bet ¥ lida e
if your computer allows file commands, you can use lhesr' 0 Er (1,123
instead of DATA statements. You'll have to read about usin; 24 :Z‘I Y J
file commands by yourself, since they differ with every 0 LET ACE s a2 311 These steps remove the extra da
J 90 LET - s, » = » = s
i 100 READ I-J from February (not a leap year) ¥
y10 IF 1=13 THEN 140 :
120 READ AC15J12BLI-J]

130 Gomo 100
PRINT “TACI-AIR RESERVATION SYSTEM™

140
PRINT "‘.‘“.l‘"-.’l'."'..‘ﬁ‘i".‘"

Program 2: /AIR RESERY/ 15
2 H : . 160 PRINT
This reservation program uses a slightly differen 160 PR INT “ENTER MONTH. DAY, FLIGHT NO.» NO. O
method for storing and checking data. Take.A. 180 INPUT Ms D F2N - OF SEATS CESIRED";
Chance-International Airlines (TACI-Air) keeps 130 R b7 RisisD
- ; »
the information on how many seats are available 210 IF ACMsDI<N THEN 290
on each of their two daily flights in the double- 220 PRINT Ni" SEAT(S) CONFIRMED ON FLIGHT NO-",
g 5 : LET A - - 0+ "3 F3** ON*3M3"/*
subscript variables A(1,J) (for flight 1y and B(l)) §£ 6010 ‘3:;,"’ RLiS=DI=H ETETER
(for flight 2). The subscript 1 represents the 23 IF PIM,Dl<N THEN 290
month. and J the day of the month. Thus, O i oEnTe S} CONFIRMED ON FLIGHT MO<*iT3™ ON™SMI*/*1D
- 280 GOTO 300
LET B(11.8)=3 0
, PRINT "SORRY--NOT ENOUGH SE
) ) ) 505 DRheE woos g8 ATS AVAILABLE ON THAT FLIGHT."
o the computer the information that thert 808 TRINT “EG:Wan W3SNG TEV MICTHEE RESERUATIGN CIYER I FOR YES. "
320 INPUT A

would be a way of storing 1
330 [F A=1 THEN 160

ht 2 on November 8.

are 3 seats available on flig ‘
TACI-Air keeps current records for two months. The follownz o ertiy
program is for January and February. The program assumgclhil 223 :::::; e
; 3 : "SESSAGE “TD ‘RESERUATIONS: AGENTY o m o e i

ts are available on each plane at the start ep 370 PRINT " RESERVATIONS AGENT: EN -

DATA statement. 80 m“'fhas'r;rmmns) BEFORE RINNING THE TEER::b pATA™

30 END > .2.1_3.2,:»:,A-n.l.l.s.l,a&{m&l; AGAIN."
= | The first 13" stops the

3 passenger sca ‘
re then handled with READ-
[ READ of line 100. The

tions to this rule a
Here's a sample RUN:
‘ L | last "13" is needed to
prevent an OUT OF

RUN
TACI-AIR RESERVATION SYSTEM (
".‘-"t"".““.t.‘t‘.‘.' ; 1 DATA message-
smhl!t?' ' .
DAY, FLIGHT NO-» NO- oF seaTs DESIR Lines 2 G ¥
» This is lh‘: l:u';?bzut a **3" in each of the variables A(l,J) and B(1.J).
r of seats normally available on one of TACI's

i
flights. Changes in thi
: ges in this number
D ; are taken care of b :
ATA statements (100, 120, and 380). For exampl the READ and

0 FOR NO)71 i
[RECT I/ |
DAY, FLIGHT NO«s NO® OF SEATS LES il
380 DATA 1,222
1 —

ENTER MONTH»
means that e e SO
on January 2, flights"A and B have only rwo seats left.

131

ENTER MONTH»
GHT NO- 2 oN 1/ 18

2 SEAT(S) CONFIRMED ON FLI
po YOU WISH TO TRY ANOTHER HESEHVATION C(TYPE

1 FOR YES

pRpoeT



90151824¢085441,0

9025 163 Qe 035 45 085 4+ 09, 0

903217 34014 3¢085 4004» 40 050 4+ 0850
9045 145 4+ 035 440485 8. 095 4+ 1,0
905,20, 4+ 08,0

=1

SPECIAL INFORMATION FOR SOME COMPUTERS

NOTE: We used the code 4.03 for April 3 since all versions

of BASIC allow DATA statements that use numbers. How-

ever, it may be that your computer also allows “strings”
| (check the index in your computer reference manual). If

S0, you can also store alphabetic information. Even better,
‘ if your computer allows file commands, you can use these

instead of DATA statements. You'll have to read about using
| file commands by yourself, since they differ with every
| computer.

SORRY==NOT ENOUGH SEATS AVAILABLE ON THAT FLIGHT.

I0 YOU WISH TO TRY ANOTHER RESERVATION (Typ
0 FOR NO)71 et L

ENTER MONTHs DAYs FLIGHT NO+s NO« OF SEATS DESIRED?|,s» 1,

1 SEAT(S) CONFIRMED ON FLIGHT NO« { ON 1/ §

D0 YOU WISH TO TRY ANOTHER RESERVATION (TYPE 1| FOR YES,
0 FOR NOJ?0

MESSAGE TO RESERVATIONS AGENT: ENTER NEW DATA
STATEMENT(S) BEFORE RUINNING THIS PRGRAM AGAIN.

—————

Here’s a LISTing of the program /AIR RESERV/.

Program 2: /AIR RESERV/
This reservation program uses a slightly different
method for storing and checking data. Take-A-
Chance-International Airlines (TACI-Air) keeps
the information on how many seats are available
on each of their two daily flights in the double-
subscript variables A(1,J) (for flight 1) and B(1,J)
(for flight 2). The subscript I represents the

130

£ month, and J the day of the month. Thus,
LET B(11,8)=3

would be a way of storing in the computer the information that there
are 3 seats available on flight 2 on November 8.

TACI-Air keeps current records for two months, The following
program is for January and February. The program assumes that
3 passenger seats are available on each plane at the start. Excep-
tions to this rule are then handled with READ-DATA statements.

Here's a sample RUN:

RUN
TACI-=AIR RESERVATION SYSTEM
Ak kSRR kRO Rk kR Rk
ENTER MONTH», DAY, FLIGHT NO.» NO. OF SEATS DESIRED?1,18,2s2
2 SEAT(S) CONFIRMED ON FLIGHT NOe 2 ON 1/ 18
DO YOU WISH TO TRY ANOTHER KESERVATION (TYPE 1 FOR YFSs
0 FOR NOO71

ENTER MONTH» DAY» FLIGHT NOe» NOe OF SEATS DESIRED? 1555 2s1

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370

390

WWMAMMMMWAAMAWAWMAMAAMMWANMANAMMMANVY VWV

DIM AC13s311,BC13s31)
FOR I=1 TO 2
FOR J=1 TO 31
LET A(1.,J)=3
LET Bl1,J)=3

NEXT J
NEXT I

LET AC2,29)=A02,301=AL2s31]= These steps remove the extra days
LET BL2,29)=B(2, 301-5:2.311-3‘——

READ 1,J

IF 1=13 THEN 140
READ ALI,J1,BLI,J]
GOTO 100

PRINT "TACI-AIR RESERVATION SYSTEM"
PRINT "tskdksskkssdrhbhbshphbhbbrs™

PRINT

PRINT "ENTER MONTH. DAY, FLIGHT NO., NO. OF SEATS LCESIRED":
INPUT MsDs FoN

PRINT

GOTO F OF 210,250

1F ACM,D)l<N THEN 290

PRINT N3* SEAT(S) CONFIRMED ON FLIGHT NO«";F3* ON*3M;*/*; D
LET ACM, DI=ACM, D1=N

GOTO 300

IF BL[M»Dl<N THEN 290

PRINT N3 ' SEAT(S) CONFIRMED ON FLIGHT NO«"3F; " ON";M3'/';D
LET B(M»D)=B{(M»D1-N

GOTO 300

PRINT "SORRY--NOT ENOUGH SEATS AVAILABLE ON THAT FLIGHT«"
PRINT "DO YOU WISH TO TRY ANOTHER RESERVATION C(TYPE 1 FOR YES."

PRINT *
INPUT A

IF A=1 THEN 160

PRINT

PRINT "=esewacccencnscanccaancccanacnn
PRINT "MESSAGE TO RESERVATIONS AGENTs ENTER NEW DATA

PRINT "STATEMENT(S) BEFORE RWNNING THI’S._J?,%OGRM AGAIN. "
DATA 152,2:2,1-3:2,121:451212 125 lvokw

END

from February (not a leap year).

0 FOR NOX™;

The first “13"" stops the
I READ of line 100. The

L last “13” is needed to
\___/'— prevent an OUT OF

DATA message.

Lines 20 to 70 put a *“3" in each of the variables A(l1,J) and B(L,J).
This is the number of seats normally available on one of TACI's
flights. Changes in this number are taken care of by the READ and
DATA statements (100, 120, and 380). For example,

380 DATA 12,22,

means that on Jantary 2, ﬂigh\ts‘A and B have only fwo seats left.
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. il

Suggested Explorations:

1. Add statements to /AIR RESERV/ which automatically g
the reservation agent what new DATA should be addeq tl
statement 380 before running the program again. 9

2. Inventory Control: Harry Hardsell is a salesman for the Ace
Hardware Company. Heisin Chicago and has a customer who
wishes to order 7842 left-handed, brass-plated bolts, stock
number 809, and 87 model-302 red buckets. Harry mutters tq
himseif, “Oh, if only | could dial a computer at company hegaq.
quarters in Oshkosh, and using my portable terminal, RUN 5
program that would tell me how many of each of these items
are in stock for immediate delivery, the price of each, and the
total bill less 5% cash discount.” Can you write a program for
Harry that does these things for any one of ten different
products?

4-2 Nonnumeric Applications

We tend to think of computers as calculating machines which work
only with numbers. This is not completely true. Computers can also
do things with words and letters. We’'ll show two interesting ex-
amples of this that work on even the simplest minicomputers,

L) [ | ]
R | <7 [ i s

Program 3: /SOAP/

Have you ever wondered how names for cereals, detergents, and
such are chosen? We'll probably never know, but let’s see what
computer might do.

Study the print-out at the top of the next page.

RWN

PROGRAM TO GENERATE NAMES BEGINNING WITH 'GL*

@AS G AP GLAT GAR QAR
@ES GLEP GLET GLER CLER
@wis GLIP GLIT GLIR GLIR
aos GLOoP GLOT GLOR GLOB
aus GLUP GLUT GLUR GLUB

The trick to /SOAP/ is to use nested FOR loops. Our program
always starts the name of the soap with GL. It uses the FOR loop
starting in line 120 to choose a vowel. It uses the FOR loop in
line 130 to add each of the consonants S, P, T, R, and B. Then it
goes back and tries a second vowel, and so on. Here is a LISTing:

100 PRINT "PROGRAM TO GENERATE NAMES BECINNING WITH 'GL'"
110 PRINT

120 FOR I=1 T0 5

130 FOR J=! T0 S

140 PRINT "GL"}

150 GOTO I OF 160s 180» 200» 220s 240
160 PRINT "A'3

170 GOTO 250

180 PRINT "E"

190 GOTO 250

200 PRINT "I";

210 GOTO 250

220 PRINT “0*3

230 GOTO 250

240 PRINT "U"3

250 GOTO J OF 260, 2805 300, 320, 340
260 PRINT "S"»

270 GOTO 350

280 PRINT "P'"s

290 GOTO 350

300 PRINT "T'»

310 GOTO 350

320 PRINT “R"»

330 GOTO 350

340 PRINT "B'S

350 NEXT J

360 NEXT I

Program 4: /MENU/

Let’s suppose that you have just become vice-
president in charge of promotion for Gus's
Restaurant. You decide to introduce a novelty
—a terminal at every table where a customer
can custom-order his meal. An example of what
might happen is shown on the next page.

133



134

RUN

¢++ THE AUTOMATELD RESTAURANT +++

TYPE THE NUMBER OF YOUR SELECTION AFTER EACH *7°.

1=MUSTARD(+00)» 2=CATSUP(+00)» 3=NOTHIN G2 1
1=APPLE PIE(+30)»2=1CE CRFAMC.20)), 3=CHOCOLATE CAK
1=COFFEE(+15),2=SOFT DRINK(.15), 3=MILK(+15)2]

ORDER 10 COOKt A 2, E 3, C 1, D3 B
**2sx ANNOUNCING ===

YOUR CUSTOM-TAILORED DINNER

STARTING WITH
**++ SWEET PINK-CENTFRED GRAPEFRUIT

AND FEATURING
44%% A SUCCULENT HOT TOG SMOTHERED WITH MUSTARD

ANT FOR DESSERT
**RICH MOIST CHOCOLATE CAKE

[OWNED WITH

*FRESH=BREWED COFFEE

OH» YESs YOUR BILL 1S § l.2.
YOUR SUGGFSTED TIP IS § .18.

VERY NICE SERVINC YOU. COME AGAIN.

Here is a LISTing of IMENU/.

‘\

THIS IS GUS'S ROROT READY 10 WELP YOU SELECT YOUR mpaL

1=TOMATO JUICE(+15),2=GRAPEFRUI T¢+ 30)» 3= CLAM CHOWLER(
1=HAMBURGER(+ 60)» 2= CHEESEBURGER(C+ 70)» 3=HO T mm.so,,a"“”??

EC.25)74

10
20
30
40
50
60
70
RO
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INPUT
PRINT
INPUT
PRINT
INPUT
PRINT
INPUT
PRINT
INPUT
PRINT
PRINT
PRINT
PRINT
PRINT

LET P=0

PRINT
PRINT
PRINT

/v\NV\cwvvaVVVVWVVWW\NWV\A
VWAMVAMAANVY WAV VWA,

"'4+++ THE AUTOMATEL RESTAURANT +++"
"“THIS IS GUS'S ROBOT READY TO HELP YOU SELECT YOUF MEAL."
"“TYPE THE NUMBER OF YOUR SELECTION AFTER EACH '?'."

"1=TOMATO JUICE(-15),2=CRAPEFRUIT(+30)s 3=CLAM CHOWDER(s40)";
ﬂhHAHBURGER(-60):2=CHEESEBUEG£H(-70)-3=HOT DOGCs 5005
‘E'JBMUSTAIND(-OD): 28 CATSUPC+00)5 3=sNOTHING";

51=APPLF PIECs30)5,2=1CE CREAM(+20), 3=CHOCOLATE CAKE(.25)";
EI=C0FFEE(-15):2-SUF1 DRINK(+15), 3=M[LK(.15)";

B

“ORDER TO COOK: A";A:'s ";Ei"™, C"iCi'» D";Di"s BB

"sxkkkex ANNOUNCING ==="
L YOUR CUSTOM-TAILORED LDINNER"

2170
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810

260 PRINT "STARTING WITH"

GOTO A OF 280s 310, 340
PRINT "##+4 TANTALIZING TOMATO JUICE"™
LET P=P+-15

GOTO 360

PRINT "#%+¢ SWEET PINK-CENTERED GRAPEFRU]T"
LET P=P+.:3

G0TO 360

PRINT "s®++ DELICIOUS CLAM CHOUWDER"
LET P=P+«4

PRINT

PRINT “AND FFATURING"

GOTO F OF 390s420s 450

PRINT "#+s% A SIZZLING HAMBURCER";
LET P=P++6

60TO 470

PRINT "s+#% A SIZZLING CHEESEBURGER";
LET PeP+e7

GOTO 470

PRINT "e+¢+ A SUCCULENT HOT DOG"S
LET P=P+.5

GOTO C OF 480,500, 520

PRINT " SMOTHERED wITH MUSTARD"

GOTO 530

PRINT " SMOTHERED WITH CATSUP"

GOTO 530

PRINT

PRINT

PRINT "AND FOR DESSERT"

GOTO D OF 560,590, 620

PRINT "¢#MOTHER'S APPLE PIE"

LET P=P+.3

GOTO 640

PRINT "#«CREAMY ICE CREAM"

LET P=P+.2

GOTO 640

PRINT "##RICH MOIST CHOCOLATE CAKE"
LET P=P+.25

PRINT

PRINT "[OWEL WITH"

@T0 B OF 6705 7005 730

PRINT "#FRESH-BREWED COFFEF"

LET P=P#:15

®T0 750

PRINT "#REFRESHINC SOFT CRINK"

LET P=P+.15

60TO 750

PRINT "«WHOLESOMFE VI TAMIN-ENRICHED MILK"
LET P=P+.15

PRINT

PRINT

PRINT "OH» YES:» YOUR BILL IS $"5F3"s"
LET P1=INTC(P*:15¢.005)%100)7100
PRINT "YOUR SUGGESTED TIP IS $"3P1i"e"
PRINT

PRINT “VERY NICE SERVING YOU. COME AGAIN."
END

Suggested Explorations:

1. Write a program that will generate names for musical groups.
For example, you might generate names by combining adjec-
tives, colors, and animals (producing such names as HAPPY
PURPLE CHICKEN, OUTRAGEOUS ORANGE OSTRICH).

2. Write a program that produces sentences of the form
THE (noun) (verb) (adverb).



4-3 Games and Simulations

A_Ithough many people think of games as being used only for
tion, computer games can also serve serious purposes. For exr
computer scientists have programmed games like chess in o d
study the question of “machine intelligence.” Simulations ( il
that imitate something) are often combined with games to hzog‘ramg
complex ideas. e

€Creg.

dmple,

Program 5: /SLOT MACHINE/

Thl§ program simulates (acts like) a machine that has 3 “wind "
A plctpre of an orange. a lemon, or a cherry appears in each wingl

;ach'nme you put in money (50 cents in our machine) and puT] Ohw
imaginary handle. If all three pictures are the same, you wj $3 .
If not, you lose your 50 cents. . e

One way of ﬁgl_xring your odds for winning is to
draw a diagram like that shown at the left below

P The winning combinations are marked with the
e | :ymbol *. You can see that although there are
! :7 lpossnb‘l.e combinations, only 3 of these are
CHERRY winners.
TN ) Her_e are all the 27 possible paths:t the
ORANGE ) winning” combinations are ringed.
|

P e
a ————
First | | Secoiid |
Window Window
; |
I
i | I
| /CHERRY-
| | |
| T |
CHERRY | LEMON
— ] 1 :
y I I
I ; |
| | |
; ORANGE
1 I
| |
| |
| I
! A _CHERRY

TEWON | €CcoO CCL CCo
ORANGE | (Le CLL CLO
R cocC COL Co0
LCC LCL LCO
LLC ALD LLO
LOC LOL LOO
OCC OCL 0Cco
OLC OLL OLO
CHERRY 00C OOL '\O‘o’())

TEMON Tk
g

ORANGE
| |

f\_ mathematician would say that your prob-
ability of winning on this machine is:

[_LEMON } “LEMON *

| 1

| ! |

| | |

| | |
| ORANGE

| [ |

| |

I | |

| 1‘ | |
: i CHERRY

]

| | 1

( : |

1 |

CHERRY s o

e _No. of winning combinations _ 3 _ 1

. , No. of possi ations~ 379
. 0. of possible combinations ~ 27 9

] | .
CHERAY In other words, if you played 90 times, you
LEMON . 1
STANGE would win about 9 of the time, or 10 times.

I |
CHERRY Playing 90 times would cost you $45.

Winning 10 times would give you $30.

~ORANGE

(@]
s |
P
'Z
G
n

So you can see that on the average the owner of
the machine would make $15 on every 90 plays.

I

H 3 ? :
. In other words, in the long run, on this machine
[ LEMON’ ] you lose, he wins. A sample RUN of this pro-

UBANGE gram is given on the next page.

+ Challenge: Write a program that will print out this list.

RN

THIS 1S A $.50 SLOT MACHINE.
PAYOFF IS $3 FOR 3 CHERRIES, 3 LEMONSs -

ALL OTHER COMBINATIONS LOSE. e P R

HOW MANY SO=CENT PIECES DO YOU WANT TO USE IN PLAY?6

YOU START WITH & 3

D0 YOU WISH TO PLAY (TYPE 1 FOR YES, 0O FOK NO)?1
$SSORANGESSS044LEMONS# I/ /LEMON##? TOO BAL--YOU LOST $¢ 500

YOU NOW HAUF $ 2.5
D0 YOU WISH TO PLAY CTYPF 1 FOR YES» O FOR NO)?1
$$SORANGESSSS$SORANGE $S$##% CHERRY##*% 100 EAL--YOU LOST $.50.

YOU NOW HAVE § 2
0 YOU WISH TO PLAY C¢TYPE 1 FOR YESs» O FOR NO)?)
SOILEMON## P ##FLEMON #29# 0 FLEMON##¢ GREAT--YOU WON $3«

YOU NOWw HAVE $ 5
[0 YOU WISH TO PLAY C(TYPE 1 FORE YES» O FOR NO)?1
$SSORANGESSSP#ILEMONS## o /LEMON ##¢ TOO EAL~-YOU LOST $.50.

YOU NOW HAVE % 4e5
D0 YOU WISH TO PLAY C(TYPE 1 FOR YES,» 0 FOR N0O)?71
##PLEMON ¢ ##S$SORANGESSSSSSORANGESSE  TOO FAD==YOU LOST $.50.

YOU NOW HAVE $ 4
D0 YOU WISH TO PLAY (TYPE 1 FOR YES, O FOR NO)?71
sx%CHFRRY +##$SSORANCES$$S$SORANGE$SS TOO FAL--YOU LOST $e50.

YOU NOW HAVE $ 3+5
D0 YOU WISH TO PLAY C(TYPE | FOR YES» O FOR NO)?1
«x# CHERRY#$# S $SORANGE$$$$SSORANCESSS  TOO BAL==YOU LOST $e50+

YOU NOW HAVE $ 3
0 YOU WISH TO PLAY C(TYPE 1 FOR YES. O FOK NO)71
24 ILEMON # # ##+#CHERRY*#% $3SORANGE$SSS TOO BAL=-YOU LOST $¢50.

YOU NOW HAVE & 245
D0 YOU WISH TO PLAY (TYPE | FOR YES» O FOR N0)?1
##0LEMON###SESORANGESSS ## ILEMON #0¢  TOO BAL--YOU LOST $e 50+

YOU NOW HAVE § 2
[0 YOU WISH TO PLAY (TYPE 1 FOR YFS» 0 FOR NO)?I
2#PLEMON###%++CHERRY##%2+¢ CHERRY***  TOO BAI--YOU LOST $«50¢

YOU NOw HAVE & 1.5
0 YOU WISH TO PLAY C(TYPE 1 FOR YES» 0 FOR NO)?71
20PLEMON ###$SSORANGES3$0#4LEMON##¢ TOO BAL--YQOU LOST $+ 500

YOU NOW HAVE § |
[0 YOU WISH TO PLAY (TYPE 1 FOR YES: O FOR NO)?71
$SSORANGESSS# # SLEMON ####++CHEREY##¢ TOO BAL--YOU LOST $ 50+

YOU NOW HAVE § 5
[0 YOU WISH TO PLAY (TYPE 1 FOR YES., O FOR NOO?1
$4ILTMON # ##*#*CHERRY## % $$ SORANGESSS TOO BAL--YOU LOST $+ 50

YOU HAVE LOST ALL YOUR MONFY.

SORRY ABOUT THAT

To simulate selecting one of the three “pictures,” we use the BASIC
statement (see page 138):

160 LET N=INT(3+RND(1))+1
This givesus a 1,a 2, ora 3 for N. Then by using

170 GOTO N OF 180, 210, 240
(or 170 ON N GOTO 180, 210, 240 on some computers)

our program branches to a line that prints one of the words
“CHERRY,” “LEMON,” or “ORANGE.” 137



Here's a LISTing of the program for you to study. (o e [
10 PRINT “THIS IS A $.50 SLOT MACHINEs" e
20 PRINT "PAYOFF IS $3 FOR 3 CHERRLESs 3 LEMONSs OR 3 OKANGES." =
30 FRINT “ALL OTHER COMPINATIONS LOSFs:" 8
40 PRINT "HOW MANY 50-CEN1 PIECES [0 YOU WANT TO USE IN PLAY';
50 INPUT ™
60 LET M=Ms.5 X N b
70  PRINT *"YOU STAFT WITH ¢ ™ 7 % Y z
80 LET X=RNDC-1) (SFF PAGF 116+) ; g
90 PRINT “DO YOU WISH T0 FLAY (TYFE | FOR YES, O FOP NO)™; 3
100 INPUT A % e y
110 I1F A=0 THEN 410 : L
120 LFT c=0 C, L, and O1 will keep count of
:23 ::g-Tr tTi’o how many cherries, lemons, : L |
150 FOR I=1 10 3 or oranges came up for you.
160 LET N=INTC3#PND(|))+] S =S lf S I
170 GOTO N OF 180,210,240
180 PRINT "sssCHERRY##%"; 3 J
190 LET C=C+] : TN
206 6070 260 Here's where your 3 “window" v
210 PRINT “esoLEMON###"; |e— | pictures are mad A
210 FRINT "o p e by the random A 4
il generator. [
:;g PRINT “$SSORANGES$$$"; = b I ‘
LET 01=01+] — ¥
260 NEXT I / O e i
270 1F C=3 THEN 350 [
280 IF L=3 THEN 350 ines i on. |
290 1F 01=3 THEN 350 mlnes_lf FOHVOm. ]
300 PRINT " 100 BAD<=YOU LOST $.50s" [f~; ——
310 LET MsM=.5 & =
M9 Lurw ] Takes 50 cents frgTXSLLJ RUN

330 IF M=0 THEN 400 €—u-—

340 CGOTO 3ED ~
350 PERINT " GREAT--YOU WON $3.°

360 LET M=M+3
370 PRINT
380 PRINT "YOU NOW HAVE $'";M
390 GOTO 90

400 PRINT “YOU HAVE LOST ALL YOUR MONEY."
410  PRINT "SORRY ABOUT THAT"

420 END

Checks to see if you have I
any money left.

LL NFEF A 10 BY 10 GRID T0 REFER TO IN PLAYING THIS GAME.
::E :(;NPU1EF HAS BURIFD A "TREASURE' IN A FOUR-SOUARE
RECTANGULAR REGION WITHIN THE GRIDe YOU CAN pIG 10
Gi ‘ TEST HOLES IN AN AFTFRNOON. YOU REPRESFN1 THE LOCA-
B $300) TION OF FACH HOLE BY TYPING AN X=COORDINATE, A COMMAs

AND A Y=COORDINATE.

WHEKE DO YOU WANT YOUR FIRST HOLE?1»1
NOTHING THERE==NO. OF TRIES LEFT: 9

NEXT HOLE?2,2
NOTHING THERE--NO. OF TRIES LEFT: &

NEXT HOLE? 3,3 ;
NOTHING THERE==NO. OF TRIES LEFT: 1

NFXT HOLE? &4 4
NOTHING THFRE--NO. OF TRIFS LFFT: €

NFXT HOLE? 55
NOTHING THERE-=NO. OF TRIES LEFT: 5

NEXT HOLE?626
NOTHING THERE--NO. OF TRIFS LEFT: 4

Program 6: /BURIED TREASURE/ NEXT HOLF?7s 7

; EURFKA--YOU FOUND IT!
To play this game you need a 10 by 10 grid like the one shown at the w
top of the next page. The computer will randomly select a rectan-
gular block of 4 adjacent squares (horizontally or vertically) to repre-
sent a “buried treasure.” You are to try to locate it by “digging

holes.” The remaining instructions are given in the program. A
sample RUN is given on the next page. A LISTing of this program is given on the next page.
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Here's a LISTing of this program for you to study.

370

400

430

470

PRINT “YOU VILL NEED A 10 BY 10 GRID TO REFER TO IN PLAYING"}
PRINT " THIS GAME."
PRINT “THE COMPUTER HAS BURIED A 'TREASURE' IN A FOUR- SQUARE™
PRINT * RECTANGULAR REGION WITHIN THE GRID YOU CAN DIG 10"
PRINT " TEST HOLES IN AN AFTERNOONe YOU REPRESENT THE LOCA-"
PRINT ™ TION OF EACH HOLE BY TYPING AN X-COORDINATE. A COMMA, "
PRINT ™ AND A Y=COORDINATE.™
PRINT
LET X=RND(-1)

LET Z=INTC24RNDC1)+1)

GOTO Z OF 120,190

LET XC1I=INTC78RNDCI)# 1)
LET YL 1= INTC108ANDCI) ¢ 1)
FOR I=f TO 4

LET XC1J=XCI-1)¢]

LET YCI)=YCI-}) s :
NEXT 1 identify squares.
GOTO 250

Cartesian coordinates,

LET XC1)=INTCI10*RNDC1)+])

LET YC1)=INTCTORNDC1)+1)

FOR I=2 T0 a

LET X(1)sXCI~-1)

LET Y(I)=Y{I=1)¢)

NEXT I

LET s=10

PRINT

PRINT “WHERE B0 YOU WANT YOUR FIRST HOLE™s
INPUT X.Y

FOR I=] T0 a

IF X <> XtUI) THEN 3go

IF Y=Y(I) THEN a70

NEXT I

PRINT "NOTHING THERE==-"}

LET S=S=|

IF S=s0 THEN 400

PRINT "™NO. OF TRIES LEFT:t *3§
PRINT

PRINT "NEXT HOLE":

GOTO 280

PRINT “TIME TO GO HOME™

PRINT "THE TREASURE WAS LOCATEBR AT "3
FOR I=]1 TO 3

PRINT "“C"3XC133" "5YCI)3"™), ™
NEXT 1

PRINT ™ AND (™3 XC&)3"»"™IY(413"™)e"
STOP

PRINT "EUREKA--YOU FOUND ITI"
END

) ]

Challenge: If you increase the number of tries to 16, can you

devise a strategy that will always win?

Suggested Explorations:

1. Write a program that plays another game. If you need ideas,
see if your library has a copy of Game Playing with Computers

by Donald D. Spencer (Spartan, 1968).

2. Modify /BURIED TREASURE/ so that when you have m_issed-
the computer tells you whether your X- anq _Y-coordlnates
were too large or too small. What is the minimum number

of tries you now need to insure winning?

NOTE: Our coordinates for thig
problem differ from the usual

which

name points. Our coordinates

4-4 Business Applications

More and more business operations are being handled with the giq
of computers. In this section we’ll look at some applications that
involve the financial side of business.

A
177,

%”

45

TN PN
(7 s

Let’s suppose that you want to start your own busines’s‘ To get
started, you'll have to borrow money. The “rent” that you 1l ha\{e to
pay on your loan is called interest. Interestis calculated by multiply-
ing the amount borrowed, by the interest rate per year, and then
multiplying this answer by the number of years you wish to borrow
the money. (Interest rates are usually given as a percent per year.)

EXAMPLE: Suppose that you borrow $1,000 at B°/9 per year for
two years. How much “rent’ (interest) must be paid?

1000 + 08 * 2 = B80x2=$160

. o

Amount borrowed
(principal)

:

] Interest rate per yearj | Number of Veafsl ['"‘ereS‘ Ll

Of course, in addition to paying the $160 interest, you'll also hf""j
to pay back the $1,000! Now comes the catch — you Il be exPﬂ'e’
to pay this back in monthly installments, starting right away (not =

years from now).

Question: Even though | start paying back the money | bo:;owrﬁg
right away, do | have to pay interest on the full amount?
answer is usually yes. Let's see how this works.
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Program 7: /ADD-Q;

“Add-on" interest is charged by most finance companies; Thi

means that the interest is added to the principal right away, ang th:
you then pay back this rosal amount in monthly installments, Here'g
a program that calculates the monthly installments for a loan of
$18.000, paid back over 5 years (60 months) at the rate of 6.5%
per year “add-on” interest.

RWN

INSTALLMENT PAYMENTS WITH ADD-ON INTEREST
AMOUNT BORROWED (PRINCIPAL) =718000
ANNUAL INTEREST RATFE (PFCIMAL) =2.065
NUMPER OF MONTHS TO REPAY THE LOAN =260

YOU PAY § 397.5 EACH MONTH FOR THE NEXT 60 MONTHS.
INTEREST YOU ARE FAYINGC EACH MONTH IS § 97.5

AT THF ENT OF 5 YFARS:

PRINCIPAL REPAID TOTAL INTEREST SUM OF THE PAYMENTS

1”000 5850 23850
—— e ———

The total interest is computed by using this formula:

Total interest=(Principal)(Interest rate)(No. of years)
The monthly installment is found as follows:

Principal + Total interest
No. of months

Monthly instaliment =

You will find these formulas in lines 100 and 110 of the following
program:

10
20
30
40
50
60
70
&0
20
100
110
120
130
140
150
160
170
180
190
200

142

PRINT "INSTALLMENT PAYMENTS WITH ALL~-ON INTEREST"

PRINT

PRINT “AMOUNT BORROWEL (FRINCIFAL) =*';

INPUT P

PRINT “ANNUAL INTEREST RATE (LDECIMAL) ="}

INPUT I

PRINT “NUMBER OF MONTHS TO REPAY THE LOAN a"j

INPUT M
PRINT

LET T=P#I#(M/12)
LET M1=(P+T)/M

LET 11=T/M

PRINT "YOU PAY $";M1;' EACH MONTH FOR THE NEXT"3M; ' MONTHS."
PRINT "INTEREST YOU ARE PAYING FACH MONTH IS $"511

PRINT

BRINT "AT THE ENL OF";M/12;" YEARS:"

PRINT

PRINT “PRINCIPAL REPAIID'"; TAE(20);"T0TAL INTEREST';
PRINT TABC40)3"SUM OF THE PAYMENTS™
PRINT P3 TARC20); T3 TAEC40);M*M|

L//f_—ﬂ

Notice that in /ADD-ON/ the borrower paid five years’ interest

on the full amount borrowed, even though he began paying part of
it back each month.

On large loans to well-established companies, banks somel;
compute the interest on only the unpaid balance iamoum":c;l
owed). This is a more complicated calculation, and the ¢ I
can be a real help. pter

Program 8: /UNPAID-BAL INT/

Let's now look at the RUN of a program that calculates the monthly
payments on an $18,000 five-year loan at 6.5% interest computed on
the wnpaid balance for each month. Our program has the exira
feature of showing how to split the payments (shares) among several
“partners” (3 in our example).

RUN
INSTALLMENT PAYMENTS WITH INTEREST ON UNPAID BALANCE
AMOUNT BORROWED (PRINCIPAL) =718000
ANNUAL INTEREST RATE (DECIMAL) =7.065
NUMBER OF MONTHS TO REPAY THE LOAN =760
NUMBER OF PARTNERS WHO BORROMED THE MONEY =73
MON TH PRINCIPAL OWED INTEREST MONTHLY PAYMENT SHARE
1 18000 9745 397.5 13245
2 17700 95.88 395.88 131.96
3 17400 94425 394,25 131.417
4 17100 92.63 392463 1304877
5 16800 91 91 1304333
6 16500 89.38 389. 38 129.793
7 16200 87+ 75 3874 75 129425
8 15900 86+13 386413 128471
9 15600 84.5 3845 128167
10 15300 82.88 382.88 127+ 627
11 15000 81.25 381.25 127083
12 14700 79463 37963 1264543
13 14400 78 378 126
14 14100 76438 376+ 38 125. 46
15 13800 14475 374. 75 1244917
MWW AWMV AWM AN WAV
a5 4800 26 326 108. 667
46 4500 240 38 3240 38 108.127
a1 4200 22.75 322475 107.583
48 3900 2113 32113 107+043
@ 3600 19.5 319.5 10645
50 3300 17.88 317.88 105+96
s1 3000 16425 316025 105.417
52 2700 14.63 314+63 104877
53 2400 13 313 104333
54 2100 11.38 311.38 103:793
55 1800 9,75 30975 103+25
56 1500 8.12 308412 102+ 707
57 1200 605 306+ 5 1024167
58 900 4.88 30488 101. 627
59 600 3.25 303.25 101.083
60 300 163 301+ 63 100« 543
TOTALS PAID 2973+86 209739 6991.29

You'll notice that when interest is calculated on the unpaid balance,
the total interest on $18,000 over five years 1s $2,973.86. But (see
page 142) it is $5,850 for add-on interest over five years, even though
both calculations used the same rate per year (6.5%). lhc total adc_L
on interest is approximately rwice as much as the total interest paid

on the unpaid balance!
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Here is a listing of the program /[UNPAID-BAL INTY/:

10 LFT Ti=0

20 LET T2=0

30 LET T3=0

40 PRINT "INSTALLMENT PAYMENTS WITH INTEREST ON UNPALD BALANCE"
S0 PRINT

60 PRINT “AMOUNT RORROWED (PRINCIPAL) ="

70 INPUT P

80 PRINT "“ANNUAL INTEREST RATE (DECIMAL) =%}

90 INPUT I

100 PRINT "NUMBER OF MONTHS TO REPAY THE LOAN ="}

110 INFUT M

120 PRINT "“NUMEPER OF PAPTNERS WHO PORROMED THE MONEY ="
130 INPUT N

140  PRINT

150 LET PI«INTC(P/M+.005)*1003/100

160 PRINT *MONTH™; TABC(10); “FRINCIPAL OVED"} TAB(26); "INTEREST"}
170 PRINT TABCA0);"MONTHLY PAYMENT"} TARC(60)} "SHARE"™

IR0 FOR J=1 TO M

190 LET II=INTCC1/12¢C1#P)+:005)*100)7100

200 LET PPaFl+1]

210 LET Ti=Ti+I1

220 LET T2=T2¢P2

230 LEFT z=P2/N

240 LET T3=T3+Z

250 PRINT Ji TABC10); P; TABC26): 11; TAEC40) ) P2 TAB(60)3Z
260 LET P=pP=P)

270 NEXT J

280 PRINT

290 PRINT "TOTALS PAID"; TAB(26); T1i TAB(40); T2} TABC60): T
300 FEND

notice is:

260 LET P=P-P1

This statement reduces the principal by the amount paid. This
means that the interest calculation in line 190 gets smaller and

smaller for each month.

3. Each employee is allowed to specify an amg

w

The calculation part of this program is done over and over (60
times) in the FOR loop of lines 180 to 270. The important line to

2. Tax deductions are made on the following approxi
oxim

GROSS WEEKLY PAY $50 OR ale basjs:

GROSS WEEKLY PAY 5| To ;'7?5’ NO Tax

GROSS WEEKLY PAY §76 T0 5100, (o0 1AX WiThp
GROSS WEEKLY PAY $10] T0 s(l)(s)b‘ 10% TAX WiThy

GROSS WEEKLY PAY OVER ;5.

unt to be taken out

of his paycheck and deposited in a savings plan

Here's a RUN of our program. The
forms™ which can be cut out and ins

OUTPUT i a series of “pay

erted A
envelope along with his check, ¢d in the employees pay

PROCGRAM TO COMPUTE PAYROLL

AFTER ALL EMPLOYEES' [ATA HAVE BEEN
TYPEL
TYPE A ZERO FOR THE EMPLOYFE NUMBER. TLNB:I
THE PAYROLL WILL EE PRINTED OUT.

EMPLOYEE NUMBER =?123
HOURS WOPKED =739
PAY RATE =23.7R
SAVINGS PLAN =715

EMPLOYEE NUMPER =799
HOURS WORKED =751
PAY RATE =25.45
SAVINGS PLAN =720

EMPLOYEE NUMEER =20

eSS ST ENSSSSSECICsCISECSsErIECCEESEsEsssssssczcexs

e EEEESES SIS SCCCCISIESErETIEEEAEIISCSSICSsssEEEzEEsEss

FMPLOYEE NUMBER = 123
NORMAL PAY = 14742
OVERTIME =0
TOTAL CROSS PAY = 147.42
CEDUCTIONS. ««

RN \1

|

SPECIAL TRICK: The +.005 used in lines 280 and 300
causes the money to be "rounded ofi" to the nearest penny. |

EXAMPLE: 8/3=2.66667 INT((8/3+.005)*100)/100=2.67 [

Program 9: /PAYROLL/

Figuring out the paycheck for each employee in a big company is a
lot of work, and computers are used extensively for this job. The
computer also calculates tax deductions and other amounts to bF
subtracted from the “gross” pay of an employee. The amount left
is called “‘net”" or “take-home” pay. )

Our payroll program will have to make some assumptions:

1. Employees receive their normal "hour_ly rale"' for the ﬁrst‘ 40
hours each week. After that their rate is multiplied by 1.5 (time
and a half).

SAVINGS PLAN: 15
TAX WITHHELD: 224113
TOTAL TCECUCTIONS = 37.113

NET PAY = 110431

S==s=ssssE=ss=SSSSCCESCEESSSEESERESR

SSSSEESEESSISSSSCCSCERESSCSESIEESS EEEIESECCEEESSEESE

EMPLOYEE NUMPER = 99
NORMAL PAY = 218
OVERTIME = B9.925
TOTAL GROSS PAY = 307.925
DEDUCTIONS««+
SAVINGS PLAN: 20

VI THHELL: 614585
TeX WIT ’ TOTAL [EDUCTIONS = £1+585

NET PAY = 206+34

|
aessspEsERsd |
SEESSEESESECSESESSSCCSSSEEIISEER sEEEsSE3IEEEE

R

o
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Here is a LISTing of the /PAYROLL/ program:

"PROGRAM TO COMPUTE FAYROLL"

ATA HAVE BEEN TYPED IN»"
THEN"

PRINT
PRINT
PRINT
PRINT *
PRINT *
PRINT
LET N=1
PRINT "FMPLOYEE NUMBER ="
INPUT EIN)

1F ECNI=0 THEN 200

PRINT "HOURS WORKED ="3

INPUT HINJ

PRINT "PAY RATE ="}

INPUT RIN)

PRINT "SAVINGS PLAN ="

INPUT SIN)

LET N=N+1

PRINT

GOTO 80

LET N=N-1

FOR I=1 TO N

PRINT

PRINT

PRINT

PRINT

PRINT "EMPLOYEE NUMBER ="i EC1)

LET 01=0
IF HCIJ <= 40 THEN 320

10

20
"AFTER ALL EMPLOYEES' D
TYPE A ZERO FOR THE EMFLOYEE NUMBER.

THE PAYROLL WILL BE PRINTED OUT."
60

80
90
100
110
120
130
140
150

170
180
190
£00
210
220
230

r———— T L L Ll bt
sszzssszsessszmzssz==a="

Checks to see If employeeivgrk
“normal’ or “overtime’’ hours.
e

250
260
270
280

T |
ed

|
1
]

LET 01=(HC11-40)*R(I]*1eS
LET G=40*R(1]
GOTO 330

LET G=HCI1J*RCI)
PRINT TAR(29); "NORMAL PAY
PRINT TAB(29)5 "OVERTIME
LET T=G+01

PRINT TAR(29); "TOTAL GROSS PARY
PRINT "DEDUCTIONSes«"

PRINT " SAVINGS PLAN: " SC1)
1IF T>S0 THEN 420

LET F=0

GOTO 520

IF T>75 THEN 450

LET F=T%.05

GOTO 520

1F T>100 THEN 480

LET F=T#-1

GOTO 520

1F T>150 THEN 510

LET F=T#«15

GOTO 520

LET F=T#.2

PRINT " TAX WITHHELD: "5 F

LET D=SCI]+F
PRINT TAB(29);
PRINT

PRINT TAE(29); "NET PAY
PRINT
NEXT I
PRINT
600 PRINT
610 END

e s

d out in which “tax bracket”
calculate the amount of tax

290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
@80
500
510
520
530
540
550
560
570
580
590

Uses the “overtime" formula to
calculate “time-and-a-half" pay.
s ==

=501

=T

formula to calculate normal pay.

Calculates “gros—s" pay.

#T0TAL DEDUCTIONS =" D
=" INTCCT=D)* 100+ 5)/100

"-------:::-----------------------u----us--:--------:---"

Lines 390 to 510 are used to fin
the gross pay falls and then to
to be withheld.

Lines 300 and 320 use the “normal”
\

1.

. Write a program that prints out month|

4. Can you change your program
in order of increasing net pay’

Suggested Explorations:

Write a program that keeps tr

; ack
It should add in deposits, sub:ra::
you write, subtract the monthly g
charge the bank makes, and print th

your checking account
the amounts of check
nd/or individya| che If
e balance for any date i

y bills for a Credit-carg

company. It should add in payments made in the pas
month,

subtract the cost of purchases

§ made,
monthly flnanqe charge on the unpaidagglasllb!ract a159%
monthly 1.5% finance charge=18% yearly cha:‘;:-) (NOTE: A

It is often desirable to put records i

: : S In order, ej

ically or numerically. Below is a subroutinert‘h?:tzrn f:)lphabet.
to the /PAYROLL/ program that will sort the pay re e added
employee number. You'll have to add a new Iiney cons by

205 GOSUB 1000
to PAYROLL, and change
610 END to 610 STOP.

1000 LET Ni=sN-]
1010 LET S=0
1020 FOR I} 10 )
IF ECLI<EC1+
o ik a0
rA 1050 LET ECI)sECI+]) ]
1060 LET ECI*1)=E
41070 LET EsHCL)
1080
1090

LET HCI)=HCI+)) | 1
—— 1100

LET H(1#+1)=E

110 }_‘

LET

LET ¥

LET L
!
\

RCI+1]=E
E=S(1)
SCI)=SCI+1)
1150 LET SCI+1)=E ,
1160 LET S=1
1170 NEXT I
1180 LET Ni=Ni-1
1190 IF § <> 0 THEN 1010

1200 RETURN
1210 END .

LET E=R(I)
LET RCII=RCI+1)
1120
1130
=1

1140

|
I—— N

E is a temporary variable
used in swapping.

(Recall the //SORT// |
program in Section 3-2)

'The list E() is sorted
in increasing order, and
the lists Hil). R(). and
S(l) are rearranged 0
match.

5o that it sorts the pay records

147
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4-5 Batch-Mode Computing

Computing done at a terminal connected to a computer tha “Speak"
BASIC is often called “interactive,” since there is give-ang. I:
between the machine and the programmer. ke

For many applications, however, interactive computing js p 23
needFd. For example, the job 9f preparing payroll checks doeg “8: gection 2-2 r;f‘f)_zn.u +1)=88
require that a human being be in constant communication with th Frerci®® 20 .
computer, watching each piece of information it prints. [t suffic ® on 2-% P'g:mb,es €23, XY. 2D, 5F, W13, 10U,
es Paerist I: : z‘ 3, and X3.1 are not allowed in BASIC.

that the instructions for preparing these checks be programmeg Just :
once, and that the computer then be left by itself to grind gy lﬁ THACE o
checks, with the human operator picking th : e Eerc g 20 4 96

’ g them up later in the day 248

The diagram below illustrates a typical batch system. e 45
ion 2=4, P29 0000
gocton T a) 31415900
prerei$e % 00000000003 14159
7.00000E+09

5 . 7.
prercise 10° :;} 7.00000E—-09
49
n 2-5, page the RUN looks like this:

2: For R=2,

Exe! rcIse =

TYPE IN RADIUS

72

Fxercise 3: For example, in line 60, the right quotation
mark is missing; in line 80, the quotation marks

should not be used.
Section 2-6, page 57
Exercise 2, #8: TRUE, 16%48 is less than 24+48; branch to
line 80.
Section 2-7, page 70
Exercise 1: For example, the variable M8 takes on the
X values in the set {3,9,15,21,27}.
Exercise 2: For example, the variable X is made to take on
the given set of values by the statement:
~ FOR X=1.TQ 1.7 STEP .1
Exercise 4: Ten numbers will be printed in all,

Pages 73-74
Exercise 2: The pattern will be: & * *

After designing his program at his desk, the user “‘writes” his
program on cards. This is done either by making special pencil marks
on the card or by punching holes in the card. He then takes his
“deck” of cards to the computer room and places it on a stack (batch)

of decks from other users. The card reader interprets the statements
on the cards by decoding the marks on them. The computer then * *
executes the programs that were on the cards, and prints the output. * ®
The programmer may have to wait a few hours since batch systems * *
are often used for very long-running programs. If there are mistakes. * * *
or if revisions must be made, the whole process must be repeated. * *
Just one warning: if you are using a batch computer, you can't use » *
INPUT statements (why?). Use READ-DATA instead. » *
® * *
* *
* *
* *
* * *
* *
* *
* *

Selected Answers and Hintg

for Exercises

Exercise 3: Three 1
o= . Lnree lines, with «
» With sjx a¢
lers,

‘?LOCKS/- Use 3 nesjeqg
OR loops: The outer Joo,

will control the number 07
rectangles (3), the middle
loop will contro| the num.
ber of rows Per rectangle
(4), and the inper loop will
control the number of
asterisks per row ).

ks on each Jie

Page 76
IISPEED CAR/J/

STARTING SPEED
FINAL sp
(MILES/HOUR) (AFTER 10TH TR!FEEEHDUND)
2246296

.
w

1

45,2593
;'5 67,8889
i3 90,5185
3 113 148
- 135.77%
. 158,407
XS 181.037
3 203,667

226.29¢
545 248,926
6 271.556

Section 3-2, pages 88-90
Exercise 1: For example, Z(16), Z(160/10), Z(256/16)
Exercise 2: 18

16

10

130

Exercise 3: 712
213
214
715
716

YOUR NUMBERS $Q. OF YOUR NO.

12 144
14 1%
1% 225

256

16
149



Section 3-2 (continued)

Modification of /TRAC
ACKI1/:
Add the following steps: .

291 PRINT
292

293 INPUT AsE»C

Section 3-4, page 100
A program for //BRAKE//

PRINT "
INT "INPUT ATHLETE NUMRERS FOR 3 REST SPEEDS; "

223: ::21 S1=(300/5280)/(TCLA)/ 3600)

e et $2=(300/5280)/ ( TL B1/3600)

i 53?(300/5280)/(‘7( Cl/3600)
PRINT "AVERAGE SPEED OF TOP 3 WAS";

298 PRINT (S51+452+53)/3;" MPH."

—_—

20 PRINT

30 PRINT “SFFED
40 LET D=0

SC PRINT TAB(4);
60 FOR N=1 TO 66
70 PRINT “+";

80 NEXTN
90 PRINT
100 PRINT

110 1IF D>0 THEN 180

120 FOR 1=10 TO 80 STEP 5
130 LET D=I*I1%.01

140 PRINT 1 TAB(D+3); %"
150 NEXT I

160 PRINT

170 GOTO S0

Section 3-5, page 105
Exercise 4: Output is: 2
1

Section 3-6, pages 111-112

Modification of /P1IZZA/:

Find the cost per bite by dividing the cost (for example,
$1.00 for a 10" pizza) by the number of square-inch bites
(78.5397 for a 10" pizza). The best buy will be the pizza
with the lowest cost per bite (this is the same idea as unit

pricing in supermarkets).

HINT for //INVERSE PIZZAIl:
If P = no. of people, B =no. 0

of pizzas:
& LETD=2* SQR(P * B/(3.14159*N))

f bites each, and N = no.

Pages 118-119 y
Exercise §: Change line 20 in /[RAND/ to:
20 PRINT INT(101=RND(1) -50)

150

10 (1]
PRINT *DISTANCE NEEDED TO STOP A CAR AT VARIOUS SFEEDS"

DISTANCE (EACH + REPRESENTS ONE CAR LENGTH)®

180 END

]

Hint for /DICE/:
Use a variable for the toss of each die.

For example:
LET A = INT(6<RND(1)+1)
LET B = INT(6*RND(1)+1)
PRINT A, B, A+B

Hint for //GUESS//: )
To find which player was closer to the computer's choice,

you might do the following:
Use P1 as player one’s number, P2 as playe
ber. C as the computer’s choice, and then use a co

statement of the form:
IF ABS(C—PI)\ABS(C-PZ) THEN . ..

(We use ABS to get the numerical “distance” from C 0
P1 and P2) ) o
If the condition is true, P1 wins. If the condition 1S not
true and the players gave different numbers, then P2 er"\‘
What do you want the computer to do if the second player
uses the same number as the first player?

I two's num-
nditional

_g (continued)

-123
ges ::szon IMELODY'I: ;
1. FA, SOL, LA, Tl stand for different notes
DO, R. .D 0 is the first, RE is the next (one tone higher),
of 8 56AIE° o to the song “DO RE MI™ from The Sound
on-lo getan idea of what these notes sound like.

of Music d each with DO

ints for SONG//: End cach song v :

Hn(r:l)! Fora simple p|-$7mm. you might select several bars

c oDY/:

asrl;‘olhﬁl'soL, LA FA RE, and so on
you can then have the computer randomly select 4
of these to make each hn_e except the last. Make
gpecial provisions to end with DO.

(2) For more complicated program, you can have the
computer make up each bar by making 3 or 4 random
selections from the 7 posst_bl'c. notes.

(3) You can extend the possibilities by using DO1 as
the upper octave of DO. )

(4) Here's an example with four bars per line.

5 RANDOMIZE
10 FOR L=1 10 4
20 FOR B=1 T0 3

40 PRINT ": LA TI

110 GOTO 170

140 GOTO 160
150  PRINT ": MI -

160 NEXT L

170 PRINT *": D0 -
180 END

RUN

t FA RE : LA TI :
t FA RE ¢ SOL MI :
: LA TI : SOL MI :
¢ SOL MI 2 LA TI ¢

30 GOTO INTC3*RND(1)+])

(SEE PAGE 1160)

OF 40 60,80

e
Ed

e
2

50 GOTO 90

60 PRINT ": SOL MI "
70 GOTO 90

80 PRINT “: FA RE

90 NEXT B

100 IF L<4 THEN 120

120 GOTO INTC(2%RNDC]1)+
130 PRINT ": SOL = 3" < RF Jii0 g

LA TI ¢ MI -
SOL MI ¢ SOL = :
FA RE ¢t SOL - :
SOL MI 3 :

151




Section 4-3, page 140

Quizzes make interesting g ams, especi
! game programs, especially when
the RND function is used. P G

Here are two examples that may give you some ideas.

S GANDOMIZ E (SEE FACE 1164)

10 LET w=o

20 LET P=0

30 PRINT “Quiz ON SPEED = DISTANCE/ TIME™
40 FRINT

St FOR 1=1 TO §

€0 LFT P=INTCCI#RNIC1)+ 132100

70 LET T=CINTCS#RNLC[)#5)) /710

#0  PRINT “AIRFLANE"™;[;" COES™3 D3 " MILES IN';T;"™ HOURSs"™
90 FRINT "WHAT 1S ITs SFEEL "N MPH"3

100 INPUT SI

110 LET S=Iv/T

120 1F ABSCINT(S1=5)) <= 2 THEN 160

130 PRINT 'NO: SPEED = D/T ="; Di™/"™;Ts™ ="; 83" MPH"
140 LET W=W+]

150 GUTD 1RO

160 PRINT “UFRY GOOT! THE EXACT ANSWER I1S";S;" MPH."
170 LET R=k#+)

180  PRINT
190 NEXT 1
200 PRINT

210 PRINT "SCORE: "™;FR:"™ RICHT,» "iwi'" WPONC™
220 LET PaR/ 5|00

230 PRINT “PEKCENTAGF FICHT:™; ;"""

240 FND

RUN

OUIZ ON SFPEET = IISTANCE/TIME

.
x

AIRPLANE 1 CGOES 107 MILES IN HOURS.
WHAT 15 I1S SFERD IN MPH? 134

VFRY GOOD! THE EXACT ANSWFR IS 133.75 MPHe

AIRPLANE 2 GOES 311 MILES IN «6& HOUFSs
WHAT 1S 1TS SPEEL IN MPH?S20
VEFY GOOD! THF FXACT ANSLER

n

51K« 333 MFH.

HOUE S«

o

AIRFLANE 3 GOFS 127 MILES IN
WHAT IS ITS SPEED IN MPH?2212
VERY GOOI'! THE EXACT ANSVER IS 211-667 MPH.

AIPFLANE 4 (QES 399 MILFS IN <9 HOURS.
WHAT 1S ITS SPEEL IN MPH? 420
N0t SPEFL = I/T = 399/ +9 = 443332 MkH

NMIRFLANE S5 GOES 251 MILES IN «5 HOURS.
WHAT IS ITS SPEFD IN MPH? 502
VERY COODY THE EXACT ANSWER IS5 S02 MPH.

SCOFRE: 4 KIGHT, 1| WRONCG
PFRCENTACF RICHT: €0%

152
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(SEE PAGE 116
'.z.:ms 15 AN *10°=TYPE QUIZ.™

JER10US SFCUENCES o
FOGRAM WILL PRINT UER F NWMEERgn
gays FNDING WITH A BLANK C=====). WHEN YOU SEf g os '
"FA THE NUMEFF THAT YOU THINK THE COMPUTER 1y cpyre

::mi N W1ED IN PLACE OF THE ELANK."
T

10 5
41 {'-'l ROBLEM"S 1
I"‘l(lf‘*ﬂNE(l)f 1
T n-m‘ruocn«mnu;
::T C=INTCARRVDCD*D)
i 1F A>E THEN 290 .
¢ OF 1705210527
* B
PR ;

AREI Y, "I BRARE; M, —e-eam

i Iﬁ:lrs);-;?"a";m". NEB=AF M i A , =meaan
¥

270 INPUT
410

- ggg ¢ OF 300s 400s 380

*5
o ::‘lruz(r-::".":?*m M TR ARAG N LKAT Y, meeean
a0 INPUT Y
330 6010 M: A

X=16%
) IP-;]’NT-M"-"IE‘M G AEAT Y M ERA Y, memeam
160 INPUT ¥
370 GOTO 410
M0 LET X=A15
PRINT A3*S "5A%AI"» "3 A135 " " A143", ~ecean
400 INPUT Y
410 IF X=Y THEN 450
220 PRINT “NO3 THE COMPUTER'S SFQUENCE HAS"; Xi'. "
430 LET Wb ]
40 GOTO 470
450 PRINT "THAT'S RIGHT!"
460 LET Rkt
470 PRINT
@0 NEXT I
90 PRINT
500 PRINT “SCORET “SRi"™ RICHT» "5u5" WRONL"

END

THIS IS AN *1G°~TYPE QUIZ.

-—th
THIS PROGRAM VILL PRINT UARIOUS SEQU

QUENCES OF NUMEERS
ﬁg ;:\\llmm: WITH A BLANK (=----). WHEN YOU SFE A *7'»
b THE NUMBER THAT YOU THINK THE COMBUTER MICHT

PRINTEL IN PLACE OF THE PLAYK.

FROELEM |
B 160 245 39, eeeo_
140

THAT®S RIgHT)

FROBLFM s

T B s,
10500y 0* 4485 --eee

THAT'S RighT)

SCORE;

4 RlGHT, WRONG




Index

ABS, 114
Absolute value, 114
Acoustic coupler, 7
Argument
See Functions
Arithmetic operators, 21
order of, 23
Array, 85
two-dimensional, 93

Balance, unpaid, 143
Batch-mode computing, 148
Body of loop

See FOR-NEXT
BREAK key, 47
Business applications, 141-147

Comma, use of, 24
review, 28

Commands, function of, 19

Compiler, 10

Conditional statements
See IF-THEN

Constants, 32-33

CTRL key, 9, 47

DATA statements

See READ-DATA
Data analysis, 127-132
Decisions

See IF ... THEN
Deleting lines, 14
Destructive read-in, 31
DIM, 87

double-subscript, 96
Double-subscript variables

See Variables

END, 19-28
review, 28
Erasing characters
on line, 13
on tape, 81
Erasing lines, 14
See also SCRatch
Errors, correcting, 13, 16
ESCape key, 13
Execution of program
See RUN
Exponentiation, 21-22
scientific notation, 43

Fibonacci numbers, 90
Flow charting, 47-48
FOR-NEXT, 63-77
body of loop, 66
nested loops. 72
review. 77
STEP. 68
variables in. 71

154

Functions, 109-119
ABS, 114
argument, 109
INT, 112
RND, 114
SQR, 109
value, 109

Games and simulations, 136-140
GOSUB-RETURN, 123-125
GOTO, 46-52
review, 52
GOTO...OF ..., 120-123
orON...GOTO..., 121

IF ... THEN, 52-62
compared to FOR-NEXT, 63
for looping, 59
review, 62

Increment, 60, 64

Infinite loop, 46

INPUT, 37-45
multivariable, 42
review, 45

INT, 112

Integer part of, 112

Interest rate, 141

Keyboard, diagram, 8
Keywords, 18, 126

LET, 29-37
review, 37
Library functions
See Functions
Line feed, 27
Line numbers,.20
LIST, 13
review, 28
Logging in
minicomputer. 6
time sharing, 7-8
Logging out, 12

Memory locations. 29. 86. 94
Minicomputer, 3

logging in, 6
Multiplexor, 4

Nested FOR loops
See FOR-NEXT
Nonnumeric applications, 132-135

Off-line, 2
ON...GOTO...

See GOTO ... OF ...
On-line, 1-2
Operators, arithmetic

See Arithmetic operators
Order of operations, 23
Qutput, 19

Paper tape, 78-82
feeding programs on-line, 80
paper tape punch, 78
paper tape reader, 78
preparing programs off-line, 80
saving programs on-line, 79

Parentheses, use of, 22-23

Percent, 32

PRINT, 19-28
comma with, 24
quotation marks in, 20
review, 28
semicolon with, 25
zones, 24

PRINT TAB
See TAB

Programs
/ACCIDENT/, 96
/ADD-ON/, 142
/AIR RESERV/, 130
/AIRLINEL/. 91
/AIRLINE2/, 91
/ARITH/, 26
/ARITH2/. 27
/BLOCKS/, 74
/IBRAKE//, 100
/BURIED TREASURE/, 138
ICOIN/, 117
{DICE/, 119
[ELEVATOR/, 114
IFACT QUIZ/, 125
/IGRADE/!, 75
/IGUESS//, 119
/HOTEL RESERV/, 128
/IINVERSE PIZZA/l, 112
IMATHQUIZ/, 58
/MELODY/, 122
/MENU/, 133
/MONEY/, 42
/IMULTABLE//. 27
/PAYROLL/. 144
IPIZZA/, 111
1IQUIZII, 61
/RAND/, 118
/RATI1/, 35
/RAT2/, 39
/RAT3/, 49
/IRATSTUDY//, 36
/RETIRE/, 41
/SEQ/, 60
/SLEEP/, 41
/SLOT MACHINE/, 136
/SOAP/, 132
/ISONG//, 123
/I[SORT//, 92
JIISPEED CAR///, 76
/STARS/, 74
/SUMPRODY/. 42
/ISUPER QUIZ//, 125
JISUPER-SLEEP//, 45
JIISURVEYI/I, 107

otatl
ments, 2

om numbers]. l1614
NDOMIZE,

READ-DATA., 100-108

summary, 1
READY. 19
REMark, 89
RESTORE, 104
RETUR: key. 8 4
RETURN statemen

See GOSUB-RETURN

jon marks in PRINT state-

Rounding, 113
RND, 114
RUBOUT key, 80-81
RUN, 14

review, 28

Saving programs
See Paper tape
Scientific notation, 43
review, 45
SCRatch, 26
review, 28
Semicolon, use of, 25
review, 28
Simulation, by hand, 22
of coin tossing, 117
of games, 136-140
SQR, 109
Square root, 109
STEP, 68

STOP, 56
Subroutine, 123

Subscripted Variables
See Variables

TAB, 97-100
Tape, paper

See Paper tape
Terminal, 3

lSe'r also Keyboard
Time sharing, 4
) logging in, 7-8
Truncation, 113
Two-dimensional arrays, 93

Value
See Functions
Variables, 30-34, 37
d_ouble-subscripl. 94-96
single-subscript, 85-92




Summary of BASIC

STATEMENTS (require line numbers)

Name and page

Purpose

Example

PRINT (page 19)

LET (page 29)
INPUT (page 37)

GOTO (Page 46)
IF THEN (page 52)

FOR (STEP) (Pages 63, 68)

NEXT (page 63)

DIM (pages 87, 96)
REM (page 89)

TAB (page 97)

READ (page 100)
DATA (page 100)
RESTORE (page 104)

GOTO  OF (page 120)
(ON  GOTO,page 121)
GOsuB(page 123)

RETURN (page 123)

RANDOMIZE (page 116)

Types out messages
or values of numerical expressions ———
or both

Calculates an expression and assigns the value to

a given location.

Requests data for certain variables from the ter-

minal (during a RUN).

Sends the program execution to another line. —»

Sends the program execution to the given line if

the condition is true.

Sets up and runs the body of a loop a stated num-

ber of times.

Closes the loop.

Declares maximum sizes of arrays.
Permits comments.
Permits computed placement of output.

Assigns values from DATA statements to given
variables.
Holds the data (values) for READ statements. —
Allows data to be used again.

Sends the program execution to one of several
lines depending on the value of the variable.
Sends the program execution to a subroutine. —

Sends the program execution back to the line after
GOSsuB.

“Randomizes’ the random number generator (only

170 PRINT "HELLO THERE"

200 PRINT X, 3*X+5, 416

220 PRINT “"ANSWERS=": X+9. 416, v
50 LET Y=7

60 LET X=2*B+X

380 INPUT A.B
60 GOTO 205

90 IF W8<=4 THEN 260
40 FOR I1=1 TO 9 STEP 2

Body of the loop

80 NEXT |

150 DIM M(20),N(15,20)
105 REM CALCULATES AREA
160 PRINT TAB(X): "+"

150 READ A(J).B(J).C
200 DATA 2,36
238 RESTORE

310 GOTO Y OF 35,90,125
(310 ON Y GOTO 3590,125)
40 GOSUB 300

on some computers). — 5 RANDOMIZE
sTOP (page 56) Halts RUN of program (may be anywhere within the

& program). 65 STOP
END(page 19) Last line of program. 999 END

LIST(page 13)
RUN(page 14)
scr(page 26)

vVariables: X.Y3.C(Y).N(X,Y),F(B(X).J)

(pages 30, 34, 85, 94)

Functions: SQR. INT, ABS, RND (pages 109-119) [Also availa

156

COMMANDS (need no line numbers)

Prints out the current program.
Begins execution of the program.
Erases the current program

MISCELLANEOUS

Operators: +.—,*./. 1 (page 21)

Other commands vary from computer to
computer, Check your reference manual

Relations: <.« =,=,>,>=,- > (pages 54. 56)

ble: SIN, COS, TAN, ATN, LOG, EXP, SGN]
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